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29 73, 01 30 00, 01 32 16, 01 33 00, 01 35 
05, 01 42 13, 01 43 00, 01 45 20, 01 45 24, 
01 50 00, 01 65 50, 01 70 00, 01 71 13, 01 
74 13, 01 74 19, 01 75 00, 01 78 23, 01 78 
39; 09 80 10, 09 91 00, 09 96 60; 10 14 00; 
33 05 05, 33 05 07, 33 11 13.02; DIVISION 
41; DIVISION 43; DIVISION 46 

 

 
 
                                  

Michael Rolen TX P.E.55388 
AECOM Technical Services, Inc.| 

TBPE No. F-3580 
19219 Katy Freeway, Suite 100 

Houston, Texas 77094 

  



TECHNICAL SPECIFICATIONS 
FOR CONSTRUCTION OF  
CENTRAL PUMP STATION 

FOR 
WEST HARRIS COUNTY WATER AUTHORITY 

IN 
HARRIS COUNTY, TEXAS 

 
The following individuals hereby certify that the accompanying Specifications were 
prepared under the direct supervision relative to their professional practice and 
demonstrated competency. 
 

 

Process – Ground Storage Tanks 
33 16 32, 33 46 13 

 
 
 
 
 

 
 
 
 
 

 
 
 

Cale Underberg TX P.E. 101545 
HDR Engineering, Inc. | TBPE No. 754 

4828 Loop Central Dr, Suite 800 

Houston, Texas 77081 

Architectural 
DIVISION 06; DIVISION 07; DIVISION 08;   
09 22 16, 09 29 00, 09 30 00, 09 51 00, 09 
65 00, 09 65 36, 09 68 00, 09 68 13, 09 91 
10; 10 14 23, 10 21 14, 10 28 13, 10 44 33, 
10 51 13; DIVISION 12 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                      

Wesley J. Ward TX P.E. 15233 
HDR Engineering, Inc. | TBPE No. 754 

4828 Loop Central Dr, Suite 800 

Houston, Texas 77081 
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CENTRAL PUMP STATION 

FOR 
WEST HARRIS COUNTY WATER AUTHORITY 

IN 
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The following individuals hereby certify that the accompanying Specifications were 
prepared under the direct supervision relative to their professional practice and 
demonstrated competency. 
 

 

Structural 
01 45 25, 01 45 33, 01 73 20, 01 73 29, 01 
81 10; DIVISION 03; DIVISION 04; 
DIVISION 05; 33 16 32, 33 46 13 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

                                     
Harding C. Cloudt TX P.E. 117100 

HDR Engineering, Inc. | TBPE No. 754 
4828 Loop Central Dr, Suite 800 

Houston, Texas 77081 

HVAC and Plumbing 
DIVISION 21; DIVISION 22; DIVISION 23        

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Sayed Khan TX P.E. 94942 
AECOM Technical Services, Inc.| TBPE 

No. F-3580 
19219 Katy Freeway, Suite 100 

Houston, Texas 77094 
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FOR 
WEST HARRIS COUNTY WATER AUTHORITY 

IN 
HARRIS COUNTY, TEXAS 

 
The following individuals hereby certify that the accompanying Specifications were 
prepared under the direct supervision relative to their professional practice and 
demonstrated competency. 
 

 

Electrical  
DIVISION 26; DIVISION 27; DIVISION 28 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
                                          
 
 

          John Hangen TX P.E. 134268                                Ryan Gant TX P.E. 123509 
 

AECOM Technical Services, Inc.| TBPE No. F-3580 
19219 Katy Freeway, Suite 100 

Houston, Texas 77094 
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FOR CONSTRUCTION OF  
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FOR 
WEST HARRIS COUNTY WATER AUTHORITY 
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The following individuals hereby certify that the accompanying Specifications were 
prepared under the direct supervision relative to their professional practice and 
demonstrated competency. 
 

 

Instrumentation 
13 34 23; 40 79 81, 40 90 00, 40 90 01, 40 
90 05, 40 91 10, 40 91 19, 40 97 00, 40 98 
00, 40 99 00 
 
 
 

 
 
 
 
                                      

John Hangen TX P.E. 134268 
AECOM Technical Services, Inc.| 

TBPE No. F-3580 
19219 Katy Freeway, Suite 100 

Houston, Texas 77094 

Corrosion Protection 
13 47 13 
 
 
 
 
 

 
 
 

                         
Christopher Sheldon TX P.E. 112184 

V&A Consulting Engineers, Inc.| TBPE 
No. F-9154 

15720 Park Row, Suite 500 
Houston, Texas 77084 



TECHNICAL SPECIFICATIONS 
FOR CONSTRUCTION OF  
CENTRAL PUMP STATION 

FOR 
WEST HARRIS COUNTY WATER AUTHORITY 

IN 
HARRIS COUNTY, TEXAS 

 
The following individuals hereby certify that the accompanying Specifications were 
prepared under the direct supervision relative to their professional practice and 
demonstrated competency. 
 

 

 

Landscape 
10 14 23, 32 81 00, 32 90 10, 32 92 40 

 
 
 
 
 

 
 
 

 
Keith Villere, FASLA 19- 0226

AECOM Technical Services, Inc.
1515 Poydras St. Suite 2700

New Orleans, LA 70112
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  Date: December 7, 2020 

Section 00020 

INVITATION TO BIDDERS 

Sealed Bids, addressed to West Harris County Regional Water Authority, will only be received  

electronically using the “E-Bidding” function on the CivcastUSA website 

(www.CivcastUSA.com) until 2:00 PM, Local Time, March 30, 2020 for “Construction of 

Central Pump Station for the West Harris County Regional Water Authority (WHCRWA), 

Harris County, Texas.” 

Bidders must register on the CivcastUSA website in order to submit bids.  No physical 

hardcopy Bids will be received at Dannenbaum Engineering offices.  In addition, electronic 

signatures on bid documents are acceptable in lieu of original signatures. This alternative process 

has been implemented to protect the health and safety of those involved and to follow the Harris 

County Stay-at-Home order and CDC guidelines limiting gatherings of people.   

A preliminary list of the bid submittals received will be posted on CivcastUSA promptly after 

the bid opening.  A full bid tabulation will be posted after bids are reviewed and confirmed by 

the Owner.   

Scope of Contract is for construction of Central Pump Station (CPS) that will receive the Water 

from the upstream Re-Pump Station and then transfer the flow to the Municipal Utility District 

Storage Tanks throughout the system. The CPS will include site facilities (incl. transmission 

lines, yard piping, primary and auxiliary power systems, cathodic protection, and security 

systems) chemical facilities, ground storage tanks, a high service pump station (enclosed in the 

Pump building), an operations building, and maintenance building. Details of this work are 

provided in the Construction Drawings and Technical Specifications.  This project is a part of the 

overall Surface Water Supply Project. 

Bids received after the closing time will be returned unopened.  A pre-bid conference will be 

held on March 18, 2020, at 10:00 AM Local Time via a conference call only meeting. There will 

not be an in-person meeting held at Dannenbaum Engineering.  Attendance by each prospective 

bidder or its representative at the pre-bid conference is NOT MANDATORY.  

• The Pre-Bid Conference call-in numbers are as follows: 

o 346-248-7799 (US-Houston) 

o 877 853 5257 (US Toll-free)  

o 888 475 4499 (US Toll-free) 

 

• After dialing any of the above numbers enter the following Meeting ID when 

prompted. 

o Meeting ID: 245 883 184      

 

http://www.civcastusa.com/
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A MANDATORY pre-bid conference will be held on ____________ XX, 2020, at 10:00 AM Local 

Time, at the office of Dannenbaum Engineering Corporation, 3100 West Alabama, Houston, Texas.  

Attendance by each prospective bidder or its representative at the pre-bid conference is 

MANDATORY, and no Bid will be opened unless the bidder or representative was present at the 

pre-bid conference. 

Each Bid must be accompanied by a bid bond or a certified or cashier’s check, acceptable to the 

Owner, in an amount not less than 5 percent of the total amount bid, as a guarantee that the 

successful bidder will enter into the Contract and execute the Bonds on the forms provided and 

provide the required insurance certificates within 10 days after the date Contract Documents are 

received by the Contractor. 

Copies of the bidding documents may be obtained from www.CivcastUSA.com: search 

WHCRWA Central Pump Station.  Bidders must register on this website in order to view 

and/or download specifications, plans, soils report and environmental reports for this project.  

There is NO charge to view or download documents. 

The Owner reserves the right to reject any or all Bids and to waive all defects and irregularities 

in bidding or bidding process except time of submitting a Bid.  The Successful Bidder, if any, 

will be the responsible Bidder which in the Board’s judgment will be most advantageous to the 

West Harris County Regional Water Authority (the Authority) and result in the best and most 

economical completion of the Project. 

This project is contingent on release of funds from the Texas Water Development Board (TWDB). 

West Harris County Regional Water Authority 

 



WEST HARRIS COUNTY REGIONAL  

WATER AUTHORITY     INSTRUCTIONS TO BIDDERS 

 

00100 Instructions to Bidders_ 05042020.docx  1 of 5
 Revised:  05/04/2020 

Section 00100 

INSTRUCTIONS TO BIDDERS 

1. PREPARATION OF BIDS.  Unless otherwise directed in the Invitation to Bidders, each Bid 

shall be submitted on the bid forms provided in conformity with the requirements of the Invitation to 

Bidders, these instructions, and the instructions printed on the bid form. 

All blanks on the bid form shall be completed, typed, or written in ink, and no change shall be made 

on the bid form or any other of the Contract Documents.  Electronic signatures will be acceptable on 

the bid documents in lieu of original signatures.  All amounts shall be written in figures, with amounts 

extended and totaled.  Minimum unit prices have been established for certain items shown on the bid.  

See Paragraph 7 of these instructions.  If the bidder chooses not to bid on optional items (if any), “No 

Bid” shall be entered in the bid space.  Any Bid may be rejected if it contains any omission, erasure, 

alteration, addition, irregularity of any kind, or items not called for; if it does not submit prices for each 

of the items in the bid form; if any of the prices are obviously unbalanced; or if it shall, in any manner, 

fail to conform to the conditions of the Invitation to Bidders and these Instructions. 

The Bid and the Bid Security must be enclosed in a sealed envelope, plainly identified on the outside 

with the contents (i.e. Bid or Bid Security), the bidder’s name, and the job name and number, and 

addressed to the Owner as prescribed in the Invitation to Bidders. 

2. CONTRACT DOCUMENTS.  The Contract Documents are complementary and must be read 

together as a whole; what is called for by one is as binding as if called for by all.  

Bidders desiring further information or further interpretation of any part of the Contract Documents 

are hereby obligated to submit a written request online to the www.CivcastUSA.com system for such 

information to Engineer not less than 7 calendar days before the Bid opening.  Answers to these 

requests will be given, in writing, to all bidders as addenda to the Contract Documents, and each 

addendum will be made a part of the Contract Documents.  No explanation or interpretation of the 

Contract Documents, other than written addenda, shall be binding. 

Should a bidder find discrepancies in or omissions from the Contract Documents or should the bidder 

be in doubt as to any meaning, the bidder is hereby obligated to notify Engineer, so a written addendum 

may be sent to all bidders.  It is the responsibility of each bidder to determine if it has received all 

addenda, complete files of which will be maintained at the Engineer’s office and the office designated 

to receive the Bids. 

Each bidder shall inform itself fully of the construction and labor conditions under which the Work 

will be performed and shall be presumed to have inspected the Site and to have read and to be 

thoroughly familiar with the Contract Documents.  Failure to do so will not relieve the successful 

bidder of its obligation to furnish all materials and labor necessary to carry out the provisions of the 

Contract Documents and to complete the Work for the consideration of its Bid. 

3. PRE-BID CONFERENCE.  A pre-bid conference among Owner, Engineer, prospective 

bidders, and others will be held via conference call to discuss the scope of the Work and to answer 

questions concerning the Work.  No addendum will be issued at this conference, but an addendum will 

be issued afterwards, if necessary, to answer questions.  The pre-bid conference is NOT mandatory.  

http://www.civcastusa.com/
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Conference call information is included in the Invitation to bidders.  Attendance by each prospective 

bidder or its representative at the pre-bid conference is NOT mandatory.   

The MANDATORY pre-bid conference will be held at the time and place shown in the Invitation to 

bidders.  Attendance by each prospective bidder or its representative at the pre-bid conference is 

MANDATORY, and no Bid will be opened unless the bidder or representative was present at the pre-

bid conference.  If an attendee fails to sign the attendance log, giving individual’s name, firm 

represented, street address, and telephone number, Owner may treat such attendee as not having been 

present and as having failed to comply with the mandatory pre-bid conference requirement.  No person 

shall represent more than one bidder at the pre-bid conference.  If a person claims to represent more 

than one bidder at the pre-bid conference, the Bid of each bidder so represented will be returned 

unopened.  

 

4. BID SECURITY.  Each Bid shall be accompanied by a bid bond or a certified or cashier’s 

check, acceptable to the Owner, in an amount not less than 5 percent of the total amount bid (the “Bid 

Security”) (Water Code §17.183), as a guarantee that the successful bidder will enter into the Contract 

and execute the Bonds on the forms provided and provide the required insurance certificates within 7 

days after the date Contract Documents are received by the Contractor.  Bid Securities will be returned 

to all but the three most qualified, responsible bidders within three (3) days after opening of Bids, and 

the latter’s Bid Securities will be returned after complete execution of the Contract.  The surety 

company providing a bid bond must conform to the same requirements for surety companies providing 

the performance bonds, maintenance bonds and/or payment bonds described below. 

5. BONDS.  Contractor is required to provide Owner with Payment and Performance Bonds as 

specified in Texas Government Code § 2253.001 et seq., as supplemented by Article 6 of the General 

Conditions, and in such forms as are prescribed in the Contract Documents. 

6. DELIVERY OF BIDS.  It is each bidder’s responsibility to deliver its Bid and Bid Security in 

the manner described in the Invitation to Bidders before the closing time.  The fact that a Bid and Bid 

Security were dispatched will not be considered.  The Bid and Bid Security must actually be delivered 

to be considered.  

7. “OR EQUAL” SUBMISSIONS.  Where materials or equipment are specified by a trade or 

brand name, it is not the intention of the Owner to discriminate against an equal product of another 

manufacturer, but to set a definite standard of quality or performance.  In preparing his/her proposal, 

each bidder is expected to include in his/her base Bid the cost of the item so specified.   

8. MINIMUM AND EXTRA UNIT PRICE ITEMS.  If the approximate quantity and a minimum 

unit price have been established for items as shown in the Bid, the bidder may not bid a unit price less 

than the minimum value; however, it may bid an amount greater than the minimum unit price.  If no 

entry is made in the spaces provided, the minimum unit prices shown shall apply. These Extra Unit 

Price Items are included to facilitate payment for changes and alterations that may be required to 

complete the Work.  The Work, as provided by the Contract Documents, is described in bid items other 

than Extra Unit Price Items.  When additional Work covered by Extra Unit Price Items is performed, 

payment will be based on the quantity actually constructed and the unit prices entered in the Bid. 
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9. QUALIFICATION OF BIDDERS.  The apparent most qualified, responsible bidder shall 

submit to Owner upon request, within 5 calendar days of notification, the bidder’s (Contractor’s) 

Statement of Qualifications to include experience of similar projects and references and other 

information which may be requested by the Engineer.  Evidence of out-of-state corporation to conduct 

business in the state in which the Work is to be performed, along with state contractor license number, 

must also be provided. 

10. MODIFICATION AND WITHDRAWAL OF BIDS.  Bids may be modified or withdrawn by 

an appropriate document duly executed (in the manner that a Bid must be executed) and delivered to 

the place where Bids are to be submitted at any time prior to the opening of Bids. If, within twenty-

four hours after Bids are opened, any bidder files a duly signed, written notice with Owner and 

promptly thereafter demonstrates to the reasonable satisfaction of Owner that there was a material and 

substantial mistake in the preparation of its Bid, that bidder may withdraw its Bid and the Bid Security 

will be returned. Thereafter, that bidder will be disqualified from further bidding on the Work to be 

provided under the Contract Documents. 

11.  AWARD OF CONTRACT.  This contract is contingent upon release of funds from the Texas 

Water Development Board.  Any contract or contracts awarded under this Invitation for Bids is/are 

expected to be funded in part by a loan or grant from the Texas Water Development Board.  Neither 

the state of Texas, nor any of its departments, agencies, or employees are or will be a party to this 

Invitation to Bids or any resulting contract.  Owner reserves the right to reject any or all Bids, including 

without limitation the rights to reject any or all nonconforming, non-responsive, unbalanced or 

conditional Bids and to reject the Bid of any bidder if Owner believes that it would not be in the best 

interest of the Project to make award to that bidder, whether because the Bid is not responsive or the 

bidder is unqualified or of doubtful financial ability or fails to meet any other pertinent standard or 

criteria established by Owner.  Owner also reserves the right to waive all informalities and defects in 

bidding, except time of submitting a Bid.  Discrepancies between the multiplication of units of Work 

and unit prices will be resolved in favor of the unit prices.  Discrepancies between the indicated sum 

of any column of figures and the correct sum thereof will be resolved in favor of the correct sum.  The 

EXHIBIT 1 – CONTRACTOR’S BID will govern if there are discrepancies between EXHIBIT 1 – 

CONTRACTOR’S BID and the CivcastUSA electronic bid form spreadsheet. 

In evaluating Bids, Owner will consider, among other things, the qualifications of bidders, whether or 

not the Bids comply with the prescribed requirements, unit prices and other data, as may be requested 

in the Bid Form or prior to the Notice of Award.  Alternate bid items will not be considered unless 

requested in the Bid Form. 

Owner may consider the qualifications and experience of subcontractors, suppliers, and other persons 

and organizations proposed for the Work.   

BY SUBMITTING A BID, EACH BIDDER AUTHORIZES OWNER TO PERFORM ALL 

INVESTIGATIONS INTO THE BIDDER’S BACKGROUND, CAPABILITIES, PRIOR 

EXPERIENCE AND OTHER FACTORS PERTAINING TO BIDDER’S PERFORMANCE OF THE 

WORK, AS OWNER DEEMS NECESSARY IN ITS SOLE DISCRETION, AND FOR THAT 

PURPOSE, SUBMISSION OF A BID SHALL ACT AS BIDDER’S SPECIFIC AUTHORIZATION 

TO PERSONS AND ENTITIES CONTACTED BY OWNER IN CONNECTION WITH SUCH 

INVESTIGATIONS (“EVALUATING PARTIES”) TO PROVIDE OWNER WITH THE 

INFORMATION REQUESTED BY OWNER AND TO DISCUSS AND EXPRESS OPINIONS 

CONCERNING BIDDER.  FURTHER, BY SUBMISSION OF A BID, BIDDER AGREES TO 
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FULLY AND FOREVER WAIVE AND RELEASE ANY CLAIM (KNOWN OR UNKNOWN) IT 

HAS OR MAY HAVE AGAINST THE OWNER, ENGINEER, DEVELOPER, THE EVALUATING 

PARTIES, AND THEIR RESPECTIVE ATTORNEYS, EMPLOYEES, CONSULTANTS, 

REPRESENTATIVES, AND AGENTS ARISING OUT OF OR IN CONNECTION WITH THE:  (I) 

ADMINISTRATION, EVALUATION, OR RECOMMENDATION (OR LACK THEREOF) OF 

ANY BID; (II) WAIVER OF ANY REQUIREMENTS UNDER THE BID DOCUMENTS OR THE 

CONTRACT DOCUMENTS; AND (III) ACCEPTANCE OR REJECTION OF ANY BIDS AND 

AWARD OF THE CONTRACT. 

Owner reserves the right to award the Bid, at Owner’s discretion, based on the amount of the Total 

Base Bid (without including “Extra Unit Price Items” or “alternate” bid items) or on the amount of the 

Total Amount Bid (including “Extra Unit Price Items” items or “alternate” bid items), or based on any 

other combination, means or method determined appropriate by Owner.   

If the Contract is to be awarded, it will be awarded to the responsible bidder whose evaluation by 

Owner indicates that the award will be most advantageous to the Owner and result in the best and most 

economical completion of the Work. 

If the Contract is to be awarded, Owner will give the successful bidder a notice of award within sixty 

days after the day of the Bid opening. 

Within 7 calendar days of receipt from the Owner of the Notice of Award, the successful bidder must 

submit to the Engineer the original Bonds and all information or other items necessary to complete the 

Contract Documents.  The successful bidder must return the fully executed Contract Documents to 

Engineer within 7 calendar days of receipt, or Owner may at its sole discretion disqualify the bid and 

accept another bid and the bidder shall, at Owner’s option, forfeit its bid security.   

12. TAXES, LICENSES AND FEES.  Contractor shall pay all sales, consumer, use, and other 

similar taxes required to be paid by Contractor in accordance with the Laws and Regulations of the 

place of the Project which are applicable during the performance of the Work. 

Owner is exempt from Texas sales and use taxes pursuant to Texas Tax Code § 151.309 as a political 

subdivision of the State of Texas.  Owner shall provide Contractor with a completed Texas Sales and 

Use Tax Exemption Certification as evidence of the applicability of such exemption and, accordingly, 

Contractor shall not collect Texas sales and use taxes from Owner with respect to this contract. 

Contractor and all subcontractors to Contractor shall issue a Texas Sales and Use Tax Exemption 

Certification with respect to, and shall not pay Texas sales and use taxes on, all purchases of the 

following items that are exempt from Texas sales and use taxes pursuant to Texas Tax Code § 151.311: 

(i) tangible personal property that will be incorporated into Owner’s realty; (ii) tangible personal 

property that is necessary and essential for the performance of this contract and is consumed entirely 

on the job site; and (iii) taxable services for use in the performance of this contract that are performed 

at the job site and are either integral to the performance of this contract or expressly required to be 

provided by this contract. In addition, Contractor and all subcontractors to Contractor (i) shall not 

include any provision for Texas sales and use taxes with respect to such exempt items in any bid or 

contract amount, and (ii) shall pass on to the Owner cost savings due to the exempt status of such 

exempt items. Contractor’s contracts with all subcontractors to Contractor shall include the foregoing 

provision regarding the exemption from Texas Sales and use taxes. 

Contractor shall pay, when due, all taxes, fees, and contributions imposed by reason of prosecution of 

the Work AND SHALL PROTECT, INDEMNIFY, AND HOLD THE INDEMNIFIED PARTIES 
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HARMLESS FROM LIABILITY RESULTING FROM FAILURE TO MAKE TIMELY PAYMENT 

OF THESE AMOUNTS AND COMPLY WITH THE REPORTING, FILING, OR OTHER 

PROCEDURAL REQUIREMENTS WITH RESPECT TO PAYMENT. Interest, penalties, or other 

liabilities arising from failure to make payments shall not be reimbursed to Contractor. 

13. NUMBER OF SIGNED SETS OF DOCUMENTS.  The Contract Documents will be prepared 

in at least four sets for signature, one for delivery to the successful bidder.  Owner will furnish the 

successful bidder four sets of Plans and Technical Specifications free of charge, and additional sets 

may be obtained from Engineer at Engineer’s reproduction rates.  The successful bidder shall provide 

four signed originals of each of the Bonds to be bound with the Contract Documents. The final contract 

documents must include original signatures.  Electronic signatures will NOT be acceptable. 
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AGREEMENT 
BETWEEN OWNER AND CONTRACTOR 

FOR CONSTRUCTION CONTRACT (STIPULATED PRICE) 
 

THIS AGREEMENT is by and between West Harris County Regional Water Authority 

(“Owner” or 
“Authority”) 
and 

 (“Contractor”). 

Owner and Contractor hereby agree as follows: 

ARTICLE 1 – WORK 

Contractor shall complete all Work as specified or indicated in the Contract Documents for 
completion of the Project.  

ARTICLE 2 – THE PROJECT 

2.01 The Project, of which the Work under the Contract Documents is a part, is generally described as 
the Central Pump Station, which is one of multiple, interdependent projects comprising the 
overall Surface Water Supply Project (“Surface Water Supply Project” or “SWSP”), which will 
deliver surface water to the Owner and the North Fort Bend Water Authority (“NFBWA”).  

ARTICLE 3 – DESIGN PROFESSIONAL OF RECORD AND ENGINEER   

3.01 The part of the Project that pertains to the Work has been designed by AECOM Technical Services, 
Inc.  which is hereinafter referred to as the “Design Professional of Record” or the “DPOR.” 

3.02 The Owner has retained Dannenbaum Engineering Corporation (“Engineer”) to act as Owner’s 
representative, assume all duties and responsibilities, and have the rights and authority assigned 
to Engineer in the Contract Documents in connection with the completion of the Work in 
accordance with the Contract Documents. 

ARTICLE 4 – CONTRACT TIMES 

4.01 Time of the Essence 

A. All time limits for Milestones, if any, Substantial Completion, and completion and readiness 
for Final Payment as stated in the Contract Documents are of the essence of the Contract. 

4.02 Contract Times: Days 

A. The Contract Times are the periods established in the following table for the achievement of 
the associated Milestones: 

Construction Stage Milestone(s) to which 
Liquidated Damages apply 

Contract Time* Projected Date 

Milestone 1: Contractor ready for 
Commissioning 

404 days TBD 
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Milestone 2: Substantial Completion 43 days TBD 

Milestone 3: Final Completion 63 days TBD 

* Contract time excludes weekends and public holidays 

B. The projected dates listed under “Projected Date (as of the date of this Agreement)” are 
provided only for convenient reference during the consideration Agreement. The durations 
listed under “Contract Time” define the Contract Times and take precedence over the 
projected dates. 

4.03 Liquidated Damages/Economic Disincentives 

A. The pecuniary damages suffered by Owner for late completion are by their very nature 
difficult to ascertain precisely.  It is therefore expressly agreed as a part of the consideration 
inducing Owner to execute this Contract that Contractor shall owe to Owner, and Owner may 
offset and deduct from any sums otherwise due Contractor under this Agreement the 
amounts set forth below, expressed in terms of dollars per day of delay (“Delay Liquidated 
Damages”) for each additional calendar day, or portion thereof, beyond the Milestone Date 
established in Paragraph 4.02 above, until the Work (or the applicable portion thereof) 
achieves Substantial Completion, as a measure of Owner’s damages for lost opportunity 
(including without limitation loss of anticipated over-conversion credits available under the 
Harris-Galveston Subsidence District’s and Fort Bend Subsidence District’s rules and 
regulations) and, except as specifically set forth below, other miscellaneous increased costs, 
all of which are difficult of exact ascertainment. It is expressly understood that the said sum 
per day is agreed upon by the parties to be a fair estimate of the pecuniary damages Owner 
will sustain if the Work, or any portion thereof, is not completed by the applicable date set 
forth in Paragraph 4.02 above, as may be adjusted by Change Order. The parties agree that 
the Delay Liquidated Damages do not constitute and shall not be considered or construed to 
be a penalty.  The amount of Delay Liquidated Damages shall not limit or preclude Owner’s 
recovery of actual damages in addition to such Delay Liquidated Damages if Owner 
terminates the Contractor for cause.  The Parties agree that the amount of Delay Liquidated 
Damages shall not limit or preclude Owner’s recovery of actual damages if it is determined 
the Owner’s right to recover Delay Liquidated Damages is legally unenforceable.  Further, the 
Parties expressly acknowledge, understand and agree that the Owner’s right to withhold, 
and/or receive payment of, any amounts under this Section 4.03 shall in the alternative be 
deemed a statutory right to impose economic disincentives for the Contractor’s late 
completion of the Work pursuant to Section 49.271(e), Texas Water Code (“Economic 
Disincentives”). 

1. If the Contractor fails to achieve a Milestone within the associated Contract Time, the 
Contractor shall (at the Owner’s option) pay to or credit the Owner the Liquidated 
Damages per day sum determined according to the following schedule for each day that 
the Contractor fails to achieve a Milestone within the associated Contract Time. 

Contractor failure to achieve Construction Stage 
Milestone(s)  

Liquidated Damages Per Day 

Milestone 1: Contractor ready for Commissioning $ 1,400 

Milestone 2: Substantial Completion $ 400 
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Milestone 3: Final Completion $ 200 

2. If the Contractor simultaneously fails to achieve two or more Milestones, the Owner 
shall be entitled to recover the sum of the associated Liquidated Damages per day rates. 

B. Certain Damages Excluded from Delay Liquidated Damages/ Economic Disincentives.  The 
parties agree that the Delay Liquidated Damages/ Economic Disincentives specified above do 
not include the following categories of Owner’s delay damages arising from Contractor’s 
failure to achieve Substantial Completion and/or Final Completion: (i) additional costs arising 
from services performed by its personnel, or by engineers, attorneys, program managers or 
other consultants utilized by Owner for the Project; (ii) loss of interest on money; (iii) 
administrative costs; (iv) rental expenses; or (v) loss of financing, business or reputation - it 
being understood that all of the foregoing damages categories are expressly classified as 
actual damages and are recoverable independent of Delay Liquidated Damages/ Economic 
Disincentives. 

C. Third-Party Beneficiaries for Purposes of Liquidated Damages/Economic Disincentives. The 
Contractor acknowledges that Owner is contractually obligated to supply water to the 
NFBWA through the SWSP, and Contractor agrees that the NFBWA will suffer damages in the 
event of a delay by the Contractor in achieving Substantial Completion beyond the scheduled 
Substantial Completion date.  Without limiting anything set forth in Section 4.03.A above, 
the Contractor acknowledges that such damages are an intended factor in the calculation of 
the amount of the Delay Liquidated Damages/Economic Disincentives hereunder and agrees 
that NFBWA is a third party beneficiary of the Contractor's obligation to pay such Liquidated 
Damages/Disincentives under this Section 4.03.  The Parties acknowledge and agree that this 
Section 4.03.C is an express exception to the limitation on third-party rights under Section 
10.07.  However, nothing in this Section 4.03.C is intended to provide the NFBWA with an 
independent right of action against the Contractor; it being understood that the Owner will 
be responsible for the enforcement of the rights of the NFBWA under this Section. 

ARTICLE 5 – CONTRACT PRICE 

5.01 Owner shall pay Contractor for completion of the Work in accordance with the Contract 
Documents, including the completed Bid Form attached hereto and incorporated by reference 
herein as Exhibit 1.  

ARTICLE 6 – PAYMENT PROCEDURES 

6.01 Submittal and Processing of Payments 

A. Contractor shall submit Applications for Payment in accordance with Article 15 of the General 
Conditions. Applications for Payment will be processed by Engineer as provided in the 
General Conditions. 

6.02 Progress Payments; Retainage 

A. Owner shall make progress payments on account of the Contract Price on the basis of 
Contractor’s Applications for Payment within forty-five (45) days after Owner’s receipt of 
such Applications for Payment as provided in Paragraph 6.02.A.1 below, provided that such 
Applications for Payment have been properly submitted in a timely manner and otherwise 
meet the requirements of the Contract. All such payments will be measured in accordance 
with the General Conditions.  The Contractor shall not overvalue early job activities and shall 
follow the trade divisions of the Specifications so far as is practicable. 
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1. Prior to Substantial Completion, progress payments will be made in an amount equal to 
the percentage indicated below but, in each case, less the aggregate of payments 
previously made and less such amounts as Owner may withhold, including but not 
limited to Delay Liquidated Damages/ Economic Disincentives, in accordance with the 
Contract 

a. 90 percent of Work completed (with the balance being retainage). However, if the 
Owner at any time after 50 percent completion of the work determines in its sole 
discretion that satisfactory progress is being made, the Owner may authorize any 
of the remaining progress payments to be made in full; and 

b. 90 percent of cost of materials and equipment not incorporated in the Work (with 
the balance being retainage). 

B. Upon Substantial Completion, Owner shall pay an amount sufficient to increase total 
payments to Contractor to 95 percent of the Work completed, less such amounts set off by 
Owner pursuant to Paragraph 15.01.E of the General Conditions, and less 150 percent of 
Engineer’s estimate of the value of Work to be completed or corrected as shown on the 
punch list of items to be completed or corrected prior to Final Completion. 

6.03 Final Payment 

A. Upon Final Completion and acceptance of the Work in accordance with Paragraph 15.06 of 
the General Conditions, Owner shall pay the remainder of the Contract Price as 
recommended by Engineer as provided in said Paragraph 15.06. 

ARTICLE 7 – NOT USED. 

ARTICLE 8 – CONTRACTOR’S STANDARD OF CARE, REPRESENTATIONS AND WARRANTIES 
 
8.01 Standard of Care.  The Contractor shall, in the performance of the Work, comply with the standard 

of care established herein.  Notwithstanding anything to the contrary contained in this 
Agreement, Owner and Contractor agree that Owner has entered into this Agreement in reliance 
on Contractor’s special and unique construction management abilities to perform its obligations 
hereunder.  The Contractor accepts that, by this Agreement, a relationship of trust and confidence 
is hereby established between it and the Owner.  Contractor understands the complexity involved 
in this type of construction and the necessity of coordination of the performance of its Work with 
the Project Team.  In addition to the foregoing, and in addition to the rights and remedies 
otherwise existing under this Agreement, at law or in equity, the Contractor will perform, or cause 
to be performed, all Work expeditiously, and in no event later than is required to complete the 
Project within the Contract Times, and shall do so with that degree of skill and care practiced by 
similar firms, using similar project planning methods, and having industry leading knowledge and 
skill engaged in providing similar services for major construction projects of comparable value in 
the United States under the same or similar circumstances.  The Contractor will furnish efficient 
business administration and superintendence and perform the Work in such manner as to provide 
Owner the best value.  Contractor shall employ and exercise the professional judgment of its 
experienced and qualified construction professionals to ensure that the Project will be completed 
in conformity with the design concepts and construction requirements established by the 
Contract Documents. It is the intention of the parties that the Contractor shall, at all times, act in 
the Owner’s best interests with respect to the performance of the Work and the management of 
all aspects of the Work.  Contractor shall at all times, exercise exclusive direction and control over 
the performance of the Work, and shall be responsible for proper supervision, of all its personnel, 
Subcontractors and Suppliers.  The standard of care required hereunder shall not, however, be 



 

Agreement Between Owner and Contractor (Central Pump Station) Page 5 of 26 

deemed to alter or expand the Contractor’s common law duty to Owner in connection with 
liability for, or the duty to indemnify, defend or hold Owner harmless under Paragraph 7.18 of the 
General Conditions, with respect to claims or liability for bodily injury or property damage, for 
which the standard of care hereunder shall be deemed and construed to be no greater than that 
imposed upon the Contractor by common law. 

8.02 In order to induce Owner to enter into this Contract, Contractor makes the following 
representations and warranties: 

A. Cooperation and Collaboration.  Contractor will, and will require its personnel, 
Subcontractors and Suppliers, to provide a high degree of cohesion, cooperation, 
collaboration, coordination and teamwork on the Project to exercise sound resource 
stewardship and deliver to Owner cost-effective and innovative capital solutions while 
completing the Work required by the Contract Documents.  To this end, Contractor shall 
deliver the Work within the Contract Price and Contract Time, as both may be modified by 
Approved Change Order. 

B. Worksite Conditions and Contract Documents. 

1. Contractor has examined and carefully studied the Contract Documents, and any data 
and reference items identified in the Contract Documents, and has satisfied itself as to 
the sufficiency of the Contract Documents. 

2. Contractor has been provided sufficient access to the existing improvements and 
conditions at the Site, and has visited the Site, conducted a thorough, alert visual 
examination of the Site and adjacent areas, and become familiar with and is satisfied as 
to the general, local, and Site conditions that may affect cost, progress, and 
performance of the Work. 

3. Contractor has carefully studied all: (1) reports of explorations and tests of subsurface 
conditions at or adjacent to the Site and all drawings of physical conditions relating to 
existing surface or subsurface structures at the Site that have been identified in the 
Supplementary Conditions, especially with respect to Technical Data in such reports and 
drawings, and (2) reports and drawings relating to Hazardous Environmental Conditions, 
if any, at or adjacent to the Site that have been identified in the Supplementary 
Conditions, especially with respect to Technical Data in such reports and drawings, and 
has satisfied itself as to the sufficiency of all documents and information referenced 
herein. 

4. Contractor has considered the information known to Contractor itself; information 
commonly known to contractors doing business in the locality of the Site; information 
and observations obtained from visits to the Site; the Contract Documents; and the Site-
related reports and drawings identified in the Contract Documents, with respect to the 
effect of such information, observations, and documents on (1) the cost, progress, and 
performance of the Work; (2) the means, methods, techniques, sequences, and 
procedures of construction to be employed by Contractor; and (3) Contractor’s safety 
precautions and programs. 

5. Contractor is aware of the general nature of work to be performed by Owner and others 
at the Site that relates to the Work as indicated in the Contract Documents. 

6. Contractor has given Engineer written notice of all conflicts, errors, ambiguities, or 
discrepancies that Contractor has discovered in the Contract Documents, and the 
written resolution thereof by Engineer is acceptable to Contractor. 
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7. The Contract Documents are generally sufficient to indicate and convey understanding 
of all terms and conditions for performance and furnishing of the Work. 

Based on the information and observations referred to above in this Paragraph 8.02.B, 
Contractor agrees that no further examinations, investigations, explorations, tests, 
studies, or data are necessary for the performance of the Work at the Contract Price, 
within the Contract Times, and in accordance with all other terms and conditions of the 
Contract.  Contractor further warrants, represents, covenants, and agrees there are no 
obligations, commitments, or impediments of any kind that are known to any of the 
Contractor’s employees and agents which will limit or prevent performance of the Work 
required under the Contract Documents. 

C. Contractor is familiar with and is satisfied as to all Laws and Regulations that may affect cost, 
progress, and performance of the Work. 

D. Compliance and Familiarity with Applicable Laws, Rules, Regulations, Codes and Standards.  
Contractor is knowledgeable of applicable Laws, rules, regulations, permits, codes and 
standards, including all applicable requirements of the Texas Water Development Board, and 
will diligently use all reasonable care to ensure that it, and all Contractor’s personnel and 
Subcontractors perform all Work and undertakings hereunder in compliance with all such 
applicable Laws, rules, regulations, permits, codes and standards, including those dealing 
with employer-employee relations, including, as amended, the “Fair Labor Standards Act” of 
1938, the “Walsh-Healy Act,” and “Nondiscrimination in Employment,” Executive Order No. 
11246 of September 24,1964, and Chapter 2258 of the Texas Government Code, and the 
requirements for filing of all reports as required thereby.  Contractor shall execute and 
deliver to Owner such documents as may be required to effect or evidence compliance.  The 
Contractor will comply with and give notices required by laws, ordinances, rules, regulations 
and lawful orders of public authorities applicable to performance of the Work.  Contractor 
shall comply with the most restrictive requirements of the laws, rules, regulations, permits, 
codes and standards applicable to the Work, and shall take and observe all necessary 
measures and precautions for the safety and protection of all property and persons in 
connection with performance of the Work, including, without limitation, providing and 
installing barricades, guardrails, fences, warning signs, lighting, etc. for the protection of 
workers and the public.  If the Contractor performs Work knowing it to be contrary to laws, 
statutes, ordinances, permits, building codes, rules and/or regulations, Contractor shall 
assume responsibility for such Work and shall bear the costs attributable to its correction. 
Contractor shall advise Owner as to changes in any applicable laws, rules, regulations, 
permits, codes and standards during the term of this Agreement that may affect the 
performance of the Work or the Owner’s intended use of the Work. 

E. Utilization of Historically Underutilized Businesses (“HUB”) and Minority Business Enterprises, 
Women Business Enterprises, and Disadvantaged Business Enterprises, as certified by the City 
of Houston, Texas (collectively, “MWDBE”).  It is the policy of Owner to encourage, promote, 
increase, and improve procurement opportunities for HUBs and MWDBEs.  With each 
Application for Payment, Contractor shall report in writing to Owner in a form acceptable to 
Owner the amount of project funds, if any, used by Contractor to compensate HUBs and 
MWDBEs which, on behalf of the Contractor, furnished labor, materials or services for or in 
connection with the Project.   

F. No Material Change in Contractor’s Qualifications or Responses to Request for Qualifications.  
All information contained in Contractor’s responses to Owner’s Request for Qualifications, 
RFQ ______(DEC to provide input)____________________, dated __________________, 
including but not limited to Contractor’s statements and representations as to its history, 
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experience, capabilities, litigation disclosure, financial information, and other qualifications 
are accurate and complete, and no material change in circumstances has occurred as of the 
Effective Date that would cause Contractor’s responses to be untrue or materially different 
than what was originally stated.  Contractor shall have a continuing duty to disclose in writing 
to Owner any material change in circumstances that: (i) would cause such information 
contained in Contractor’s responses to be untrue or materially different than what was 
originally stated; or (ii) could adversely affect Contractor’s ability to continue to perform the 
Services and the Work in accordance with its obligations hereunder. 

G. Financial Ability, Insurance and Bonds.  Contractor is financially solvent and possesses or is 
able to engage sufficient working capital to complete the Work as required by the Contract 
Documents.  Contractor’s insurance policies and bonds are and will be maintained in the 
form required by the Owner’s Requirements of Insurance (Exhibit 2) and Contractor’s Bond 
Forms attached hereto and incorporated by reference herein.  Contractor’s insurance 
policies contain no exclusions or exceptions to coverage other than what is explicitly allowed 
by the Owner’s Requirements of Insurance (Exhibit 2). 

H. Qualifications of Contractor’s Personnel.  Contractor presently employs or is able to engage 
sufficiently qualified and experienced personnel as required by this Agreement.  Contractor’s 
personnel who perform Work are duly registered and/or licensed under the laws, rules and 
regulations of any authority having jurisdiction, if so required by such laws, rules and 
regulations to perform the Work. 

I. Conflicts of Interest.  Contractor has been furnished a copy of, and Contractor has completed 
and provided to Owner prior to execution of this Agreement and in accordance with the 
requirements for the timely filing thereof under Chapter 176 of the Texas Local Government 
Code, true and complete answers to Owner’s Conflict of Interest Questionnaire (Exhibit 3), 
and has fully complied with Section 2252.908 of the Government Code and Chapter 46 of 
Title 1 of the Texas Administrative Code.  Contractor agrees to update its responses to the 
Owner’s Conflict of Interest Questionnaire as required by Chapter 176 of the Texas Local 
Government Code, and Owner shall have the right at any time to require Contractor to 
complete and furnish to Owner a current Conflict of Interest Questionnaire form, which shall 
be completed and furnished to Owner promptly upon Owner’s written request, failing in 
which Owner may terminate this Agreement pursuant to Paragraph 16.02 of the General 
Conditions.  Contractor represents that it has advised Owner in writing of any past or present 
relationship or dealing with any third party, including competitors of Owner or Contractor, 
which could or could be perceived to impair or interfere with the Contractor’s exercise of its 
independent judgment and discretion in professionally and ethically rendering of Services for 
the sole benefit and enjoyment of Owner under this Agreement or which could cause Owner 
to change its evaluation of Contractor and the decision to enter into this Agreement with 
Contractor (“Conflict of Interest”).  A Conflict of Interest shall also exist when, because of 
other undisclosed activities or relationships with third parties, Owner determines in its sole 
discretion that Contractor is unable to render impartial assistance, advice, or Work to Owner, 
or the Contractor's objectivity in performing the Services is or might be otherwise impaired, 
or when Contractor gains an unfair competitive advantage or receives undisclosed profits or 
benefits in addition to compensation for its performance of Services under this Agreement. 
Contractor shall at all times during the performance of this Agreement remain free of any 
obligation of any kind to any person other than Owner where such obligation may cause or 
require Contractor to compromise or otherwise be in breach of its obligations to Owner, 
including without limitation its obligations with respect to proprietary rights and 
confidentiality and conflicts of interests.  Contractor has not undertaken, and during the 
period covered by this Agreement, Contractor shall not undertake any relationship with any 



 

Agreement Between Owner and Contractor (Central Pump Station) Page 8 of 26 

person or entity that could give rise to such a Conflict of Interest without the prior written 
consent of Owner.  Contractor shall immediately advise Owner of any relationship that may 
give rise to a Conflict of Interest during the term of this Agreement.  If Owner becomes aware 
of any such relationships, through Contractor's disclosure or otherwise, Owner shall have the 
option to terminate this Agreement in whole or in part without further liability to Contractor.   

J. Family Code Child Support Certification.  By signing this Agreement, the undersigned certifies, 
under Section 231.006, Texas Family Code, that the Contractor is not ineligible to receive 
payments to be made hereunder, and acknowledges that this Agreement may be terminated 
and payment may be withheld if this certification is inaccurate.  

K. Certification of No Participation with Preparation of Bidding Documents.  By signing this 
Agreement, the undersigned certifies that the Contractor did not receive any compensation 
from the Owner to participate in preparing any specifications, request for proposals, or 
invitations for bid on which this Agreement may be based, and acknowledges that this 
Agreement may be terminated and payment withheld if this certification is inaccurate. 

L. Fair Competition.  Contractor certifies that it has not engaged in corrupt, fraudulent, collusive 
or coercive practices in competing for or in executing this Agreement.  For the purposes of 
this provision: 

1. “Corrupt practice” means the offering, giving, receiving or soliciting of anything of value 
to influence the action of a public official in the bidding process or in the Contract 
execution; 

2. “Fraudulent practice” means an intentional misrepresentation of facts made (a) to 
influence the bidding process or the execution of the Contract to the detriment of 
Owner, (b) to establish Bid prices at artificial non-competitive levels, or (c) to deprive 
Owner of the benefits of free and open competition; 

3. “Collusive practice” means a scheme or arrangement between two or more Bidders, 
with or without the knowledge of Owner, a purpose of which is to establish Bid prices 
at artificial, non-competitive levels; and 

4. “Coercive practice” means harming or threatening to harm, directly or indirectly, 
persons or their property to influence their participation in the bidding process or affect 
the execution of the Contract. 

M. Title to Goods, Materials, Equipment and Work.  Title to all Work covered by an Application 
for Payment will pass to the Owner no later than the time of payment. The Contractor further 
warrants that upon submittal of its Application for Payment, all Work is and shall remain free 
and clear of liens, claims, security interests or encumbrances in favor of the Contractor, 
Subcontractors and Suppliers, or other persons or entities who might otherwise have any 
claim by reason of having provided labor, materials and equipment relating to the Work. 

N. Authority to Enter into Agreements; Legal Establishment of Business Entities.  The Contractor, 
Subcontractors, and Suppliers, with respect to their portions of the Work, are fully authorized 
to assume their contractual obligations to perform the same, and that each of them, with 
respect to its portion of the Work, is fully licensed, certified and authorized to perform the 
Work contemplated by the Contract Documents and any other Work performed on the 
Project, and will provide evidence of the same to Owner upon request. Neither the execution 
and delivery of this Agreement by Contractor nor the performance of its obligations 
hereunder will result in the violation of any provision, if a corporation, of its articles of 
incorporation or by-laws, if a limited liability company, of its articles of organization or 
regulations, or if a partnership, of any partnership agreement by which Contractor is bound, 
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or any agreement, including a “Company Agreement” as defined under the applicable Texas 
Statutes, by which Contractor is bound, nor will it result in conflict with any order or decree 
of any court or governmental instrumentality relating to Contractor.  Contractor and each 
Subcontractor and Supplier (i) if a corporation or limited liability company, is duly organized, 
validly existing and in good standing under the laws of the State of Texas, or a foreign 
corporation or limited liability company duly authorized and in good standing to conduct 
business in the State of Texas, having all necessary corporate power and having received all 
necessary corporate approvals required to execute and deliver their respective contracts 
(including this Agreement), and each of the individual signing such contracts (including this 
Agreement) has been duly authorized to act for and bind the entity for whom such signature 
is made; or (ii) if it is a joint venture, partnership, limited partnership, or limited liability 
partnership, then it has all necessary partnership power and has secured all necessary 
approvals to execute, deliver and perform all the obligations assumed under such contracts 
(including this Agreement) as such entity; and (iii) the individual executing this Agreement 
on behalf of Contractor, and the individual executing any Subcontract to assume any 
obligation under this Agreement, has been duly authorized to act for and bind Contractor or 
Subcontractor, as applicable. 

O. Taxes and Federal Compliance.  Contractor, whether Corporate, Partnership, or Sole Owner, 
is current on its Property Taxes.  If commercial personal property is located in the jurisdiction, 
current renditions of these properties must be filed with the Chief Appraiser, as required by 
Chapter 22, Section 22.01, of the “TEXAS PROPERTY TAX CODE,” and Contractor must be 
current on all of its ad valorem taxes obligations.  Contractor certifies it is not presently 
debarred, suspended for debarment, declared ineligible, or excluded from covered 
transactions by any Federal department or agency.   

P. Matters of Corporate Governance.  Contractor is in compliance with the following applicable 
Texas laws as they pertain to Contractor’s business entity form: 

1. Corporations (domestic [formed under Texas law] or foreign [formed under laws of 
another state]) shall be properly registered with the Texas Secretary of State and the 
Comptroller of Public Accounts as required by TITLE 34, Part 1, Chapter 3, Subchapter 
V, Rule 3.546 of the Texas Administrative Code.  A current “Certificate of Good Standing” 
from the Texas Comptroller of Public Accounts shall be made available upon request 
stating that the corporation charter is current and all Texas Franchise Reports and Taxes 
are paid; and 

2. Partnership and Joint Stock Companies, and Limited Liability Partnerships (domestic 
[formed under Texas law] or foreign [formed under laws of another state]) shall be 
properly registered with the Texas Secretary of State in accordance with TITLE 105 – 
PARTNERSHIPS AND JOINT STOCK COMPANIES, CHAPTER ONE – PARTNERSHIPS, 
LIMITED PARTNERSHIPS, TEXAS REVISED LIMITED PARTNERSHIP ACT, Article 6132a-1, 
“Texas Revised Limited Partnership Act.”  All partners in a partnership must file a 
“Certificate of Limited Partnership” with the Texas Secretary of State, which shall be 
made available for inspection upon request. 

Q. Contractor’s entry into this Contract constitutes an incontrovertible representation by 
Contractor that without exception all prices in the Agreement are premised upon performing 
and furnishing the Work in strict accordance with the Contract Documents.  

R. Execution of Agreement Duly Authorized.  Contractor’s execution and adoption of this 
Agreement has been duly authorized, approved and/or ratified, as set forth in the Resolution 
in Support of Construction Agreement, signed by Contractor’s members or its governing 
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board of directors, confirming the authority of the person executing this Agreement on 
behalf of the Contractor to bind the Contractor to this Agreement (Exhibit 4). 

ARTICLE 9 – CONTRACTOR’S GENERAL DUTIES OF PERFORMANCE 

9.01 The Contractor shall have and fulfill the duties set forth below.  The Contractor's duties shall not 
be diminished by reason of any approval by Owner, Engineer, or DPOR, nor shall the Contractor 
be released from any liability by reason of such approvals, it being understood that the Owner at 
all times is ultimately relying upon the Contractor's expertise, skill and knowledge in performing 
the Work required hereunder. 

A. Worksite Office Duties.  One  or more of Contractor's key personnel, as designated by Owner, 
shall meet regularly with the key personnel of Owner,  Engineer and other consultants as 
directed by Owner, and shall take other reasonable measures to enhance the planning and 
coordination of the Work.  Contractor shall prepare and distribute notices, reports and other 
documents  as necessary to inform and guide the Owner, Engineer,  and others on the 
Project. 

B. Duty to Protect Confidential Information.  Contractor shall not divulge any Confidential 
Information of Owner and shall at all times remain in compliance with the terms and 
conditions of the Contractor's Confidentiality Agreement (Exhibit 5).  Contractor shall ensure 
that all Contractor's personnel, Subcontractors and Suppliers execute and comply with the 
same form of Confidentiality Agreement in favor of Owner, obligating them to similarly 
protect Owner's proprietary information in accordance with the terms and conditions of this 
Paragraph and such Confidentiality Agreement (Exhibit 5).  In consideration of, and as a 
condition precedent to, being provided access to the electronic files of the Construction 
Documents, the Contractor agrees that it shall cause its personnel, and the personnel of its 
Subcontractors and Suppliers, who need such access, to execute the form of an 
Acknowledgement of Data Use Protocols (Exhibit 7) with respect thereto.  Copies of all 
executed Data Access and Use Agreement forms shall be recorded by Contractor in the 
information management system established as Owner’s Construction Project Management 
Software (“CPMS”).  Upon being provided such access, Contractor may, at its sole cost and 
expense, make such copies of such electronic files for use by Contractor, its personnel, 
Subcontractors and Suppliers, as reasonably necessary and appropriate to perform the 
Services and the Work.  Contractor shall, for security purposes, limit the access to the 
Construction Documents or other Work Product of Owner to only those persons who have a 
need for such access to perform the Services and the Work, and who have been identified to 
and approved by the Owner. 

C. Duty to Review Contract Documents and Field Conditions after Commencement of the Work. 

1. Before starting each portion of the Work, and throughout the performance of the Work, 
the Contractor shall carefully study and compare the various Construction Documents 
and other Contract Documents relative to that portion of the Work, as well as the 
information furnished by the Owner, shall take field measurements of any existing 
conditions related to that portion of the Work, and shall investigate and observe any 
conditions at the Worksite that may affect performance of the Work. These obligations 
are for the purpose of assuring the completeness of the Construction Documents; any 
errors, inconsistencies or omissions discovered by the Contractor shall be reported 
promptly to the Engineer as a request for information.  The Contractor shall be liable to 
the Owner for damages resulting from errors, inconsistencies or omissions in the 
Contract Documents that Contractor should have discovered and reported, in the 
exercise of the Standard of Care.  Provided, however, Contractor shall be entitled to 
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relief for a change in accordance with the General Conditions for errors and omissions 
in the Construction Documents that Contractor failed to discover and report despite its 
exercise of the Standard of Care. 

2. It is recognized that the Contractor's review is made in the Contractor's capacity as a 
Contractor and not as a licensed design professional unless otherwise specifically 
provided by a Change Order or contract amendment. The Contractor is not required to 
ascertain that the Contract Documents are in accordance with applicable laws, statutes, 
ordinances, building codes, and rules and regulations, but any nonconformity 
discovered by or which reasonably should have, in the exercise of the Standard of Care, 
been discovered by the Contractor, or which is made known to the Contractor shall be 
reported promptly to the Engineer. 

3. Following commencement of the Work, the Contractor and each Subcontractor shall 
continue to evaluate and satisfy themselves as to the conditions and limitations under 
which the Work is to be performed, including: 

a. the location, condition, layout and nature of the Worksite and surrounding areas; 

b. generally prevailing climatic conditions; 

c. anticipated labor supply and costs; 

d. availability and cost of materials, tools and equipment; and 

e. other similar issues. 

4. The Contractor shall not be required to provide professional services which constitute 
the practice of architecture or engineering unless such services are specifically required 
by a Change Order or contract amendment for a portion of the Work or unless the 
Contractor needs to provide such professional services in order to carry out the 
Contractor's responsibilities for construction means, methods, techniques, sequences 
and procedures. The Contractor shall not, and shall not be required to perform 
professional services in violation of applicable Laws and Regulations. To the extent that 
the Contract Documents (including any Change Order or contract amendment) may 
require Contractor to provide any professional design services, the Contractor shall 
cause such services or certifications to be provided by a design professional licensed in 
Texas, whose signature and seal shall appear on all drawings, calculations, 
specifications, certifications, and Submittals prepared by such professional. Submittals 
related to the Work designed or certified by such professional, if prepared by others, 
shall bear such professional's written approval when submitted to the Engineer. The 
Owner and Engineer shall be entitled to rely upon the adequacy, accuracy and 
completeness of the services, certifications or approvals performed by such design 
professionals, provided Engineer has specified to the Contractor the performance and 
design criteria that such services must satisfy. The Engineer’s review and approval or 
other action on Submittals as to such matters shall only be for the limited purpose of 
checking for conformance with information given and the design concepts expressed in 
the Contract Documents. The Contractor shall not be responsible for the adequacy of 
performance specifications or design criteria required by the Contract Documents. 

D. Duties with respect to Royalties and Licenses to Use Intellectual Property.  Contractor shall 
pay all royalties and license fees due in connection with the Work.  Contractor warrants that 
the Work and the use of Contractor's Work Product will not infringe any patent or other 
proprietary right; provided, however, Contractor shall only be liable to Owner for 
infringement of a patent or other proprietary right if it arises out of designs, processes or 
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products in the Work that the Contractor has recommended or caused to be used for or on 
the Project or that arise out of the use of the Contractor's Work Product.  Should Owner, in 
consultation with Contractor, determine that Contractor's proprietary information, data or 
systems will be used on the Project, Contractor agrees that Owner shall be entitled to a 
royalty-free license to enable Owner to use Contractor's proprietary information, data or 
system, in connection with the ongoing use and maintenance of the Project, which license 
agreement shall be non-exclusive, perpetual, and not require further expenditure by Owner. 

E. Duties Relating To Submittals.   

1. In accordance with the Specifications, the Contractor shall prepare and submit for the 
Engineer's review and approval, and keep current, a Schedule of Submittals (such as 
shop drawings, product data, samples, mockups or similar documents) showing their 
current status.  Copies of all Submittals shall be entered electronically through the 
CPMS.  The Contractor shall coordinate and schedule the delivery of Submittals in 
accordance with the Schedule of Submittals (Exhibit 8).  Submittals shall not constitute 
Contract Documents. 

2. The Contractor shall prepare and deliver Submittals to the Engineer via the CPMS in 
sufficient time to allow reasonable time to review them, and in such sequence as to 
cause no delay in the Work or in the activities of the Owner or its Separate Contractors. 

3. The Contractor shall review all Submittals for compliance with the requirements of the 
Construction Documents prior to their delivery.  By approving and submitting 
Submittals, the Contractor: (i) represents that it has determined and verified materials, 
field measurements and field construction criteria related thereto, and (ii) certifies such 
Submittals comply with the requirements of the Work and of the Contract Documents. 

4. The Contractor shall perform no portion of the Work for which the Contract Documents 
require submittal and review of Submittals until the respective Submittal has been 
reviewed and approved by the Engineer. 

5. The Work shall be performed in accordance with approved Submittals.  Contractor shall 
not be relieved of responsibility for deviations from requirements of the Contract 
Documents by such approvals, unless (1) the Contractor has specifically informed the 
Engineer in writing of the deviation at the time of delivery of the Submittal and (2) the 
Engineer has approved the specific deviation in writing as a minor change in the Work, 
or (3) Owner has issued a Change Order or Work Change Directive authorizing or 
requiring the deviation. The Contractor shall not be relieved of responsibility for errors 
or omissions in Submittals by any approval thereof. 

6. In accordance with the Specifications, the Contractor shall specifically identify in writing 
any revisions to Submittals that are resubmitted, failing in which Contractor may not 
rely upon an approval thereof. 

7. All mockups shall require the review and approval of the Engineer prior to continuation 
of the actual physical construction of the portion of the Work represented by such 
mockup.  Owner reserves the right to require a mockup to be incorporated into the 
Work, or to retain the mockup for Owner's independent use. 

8. Shop drawings will be submitted in an approved electronic format.  Shop drawings shall 
be entered in the CPMS, for access by the Project Team, as necessary or appropriate. 

9. Contractor represents and warrants by its submission that all Submittals have been 
prepared by persons and entities possessing expertise and experience in the trade for 
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which they were prepared and, if required by the Contract Documents or by applicable 
Laws and Regulations, by a licensed architect or engineer. 

10. In collaboration with the other members of the Project Team, the Contractor shall 
establish and implement procedures for expediting the processing of approvals of 
Submittals received from the Subcontractors, and review them for conformance and 
coordination with the Construction Documents prior to transmitting them to other 
members of the Project Team. 

F. Duty to Manage Procurement of Long Lead Items.  Contractor shall identify items requiring 
extended delivery times ("long-lead items") for which early placement of procurement 
orders will render value to Owner by ensuring availability of materials and equipment when 
needed at the Worksite on favorable commercial terms, and proposed methods to expedite 
the procurement of such items to ensure their delivery by the required dates, and Contractor 
shall exercise diligence to minimize lead times to the extent commercially practical in the 
placement of orders for the purchase of goods, materials, and equipment required for the 
Project.   

G. Duty to Obtain Permits.  The Contractor shall obtain or cause its Subcontractors (as 
appropriate) to obtain, all permits and approvals customarily required of a construction 
contractor for the Work, including all building permits for construction of the Project.  The 
Engineer will prepare documents required, make filings and obtain on the Owner's behalf all 
approvals of governmental authorities having jurisdiction over the Project, including permits 
necessary to enable the Contractor to pay for and obtain the building permits for 
construction of the Project.  The Contractor (and its appropriate personnel) shall attend all 
meetings with governmental authorities having jurisdiction as necessary to obtain all 
required permits and approvals, including meetings as requested by the Owner and/or 
Engineer.  Copies of the various building permits and governmental approvals shall be 
delivered to Owner as soon as Contractor obtains them. 

H. Duty to Maintain Records.  The Contractor shall keep in approved format a daily log of Project 
construction activities available to the other members of the Project Team in accordance 
with the Contract Documents; and each of the Contractor's personnel whose job function 
involves or includes oversight of construction activities on the Project or any Worksite, shall 
maintain a daily log of observations, which daily logs shall be continuously available to the 
Owner in electronic form, and updated no less frequently than weekly for the immediately 
preceding week.  In addition, the Contractor shall keep and maintain at the Worksite or in a 
Project website established by Owner, and make continuously available to Owner, original 
and updated or amended records of Subcontracts, Drawings, purchases, materials, 
equipment, maintenance and operating manuals and instructions, and other construction 
related documents, including all changes and revisions, a directory of all of Contractor's 
personnel and all Subcontractors and Suppliers on the Project, all Project correspondence, 
inspection procedures (as prepared by others), testing laboratory reports (as prepared by 
others), contract amendments, Change Orders, Change Directives, and other Project records 
reflecting time extensions, progress payment data, final acceptance of each completed 
portion of the Project, all warranty Work, and all instructions from Owner; Contractor shall 
also maintain, and obtain data from its Subcontractors and Suppliers as necessary to 
maintain and update for Owner, a current set of As-Builts and the Project Manual, to include 
complete, unaltered copies of all Subcontracts, and all amendments thereto, and all 
warranties and guarantees related to the Work. The Contractor shall maintain at the 
Worksite for the Owner one record copy of the Drawings, Specifications, Addenda, Change 
Orders and other Modifications, in good order and marked currently to record field changes 
and selections made during construction, one record copy of approved submittals, and all 
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samples. These shall be available to the Owner and Engineer and shall be delivered to the 
Owner upon completion of the Work. 

I. Duty of Cooperation with Owner's Separate Contractors.  Contractor shall afford Owner's 
Separate Contractors reasonable opportunity for the introduction and storage of their 
materials and equipment, and for the performance of their construction or operations. 
Contractor also shall properly coordinate its Work with that of the Separate Contractors, and 
cooperate in all respects with them.  The Separate Contractors will be required to similarly 
cooperate with Contractor in all such respects. If any part of the Work depends upon proper 
performance of the construction or operations of Separate Contractors, Contractor shall 
inspect and promptly report to Owner any apparent discrepancies or defects that render the 
Work unsuitable.  Failure of Contractor to so report shall constitute an acceptance of the 
Separate Contractor's construction or operations as fit to receive the Work, except for: 

1. Defects which may develop in the Separate Contractors' construction or operations 
after the performance of the Work; or 

2. Defects in the Separate Contractors' construction or operations of which Contractor 
gives Owner notice immediately upon discovery and without then proceeding with the 
Work affected. 

If Contractor or others engaged by or under the control of Contractor cause(s) physical 
damage to the construction or property of any Separate Contractor, the Contractor, upon 
notice from Owner, shall remedy such damage at its sole expense. If a dispute arises between 
Contractor and any Separate Contractor as to each other's responsibility for cleaning up, 
Owner may clean up and charge the cost to Contractor or the Separate Contractor as Owner 
shall determine to be just. 

Should Contractor cause damage to the work or property of any Separate Contractor or any 
owner of a utility which traverses any Worksite(s) pertaining to the SWSP (hereinafter 
referred to as a “SWSP Utility Owner”), or should any claim arising out of Contractor's 
performance of the Work be made by any Separate Contractor or SWSP Utility Owner against 
Contractor, Owner or other consultants, or any other person, Contractor shall promptly 
attempt to settle with such third parties by agreement, or to otherwise resolve the dispute. 
Contractor and/or its surety shall, to the fullest extent permitted by applicable laws, 
indemnify and hold Owner harmless from and against all claims, damages, losses and 
expenses (including, but not limited to, fees of engineers, attorneys and other professional 
and court costs) arising directly, indirectly or consequentially out of any action, legal or 
equitable, brought by any Separate Contractor or SWSP Utility Owner, against Owner, to the 
extent based on a claim arising out of Contractor's negligence or failure to perform in 
accordance with the provisions of this Agreement.  Contractor agrees that all Separate 
Contractors and all SWSP Utility Owners are express third party beneficiaries to the 
provisions of this Section 9.01.I.  In the event Contractor makes any claim on account of or in 
relation to, without limitation, any performance or failure to perform, acts, omissions, 
conduct, breaches, demands, statements, publications, interferences, disruptions, delays, 
suspensions, acceleration or termination of or by a Separate Contractor or SWSP Utility 
Owner, Contractor agrees that all such claims shall be liquidated and severed pursuant to 
this paragraph ("Severed Claims"). Contractor agrees to accept in full satisfaction and 
discharge of any and all such Severed Claims, the amounts, if any, that Owner may collect 
from a Separate Contractor, SWSP Utility Owner, or other allegedly responsible third party. 

J. Duty to Pay Prevailing Wages.  Contractor shall pay or cause to be paid to all applicable 
workers employed by it or its Subcontractors and Suppliers to perform the Work on the 
Project, as a public works project, not less than the prevailing rates of wages, as provided in 
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the statutes and regulations applicable to public work contracts, including but not limited to 
Chapter 2258 of the Texas Government Code.  The Contractor shall comply with applicable 
Laws and Regulations pertaining to prevailing wages.  Contractor shall maintain strict 
enforcement of the prevailing wage laws including but not limited to Texas Government 
Code Section 2258.  Contractor shall comply and cause its Subcontractors to comply with 
applicable Laws and Regulations regarding notice and posting of intent to pay prevailing 
wages, and any other notice or posting of prevailing wage requirements and prevailing wage 
rates.  Contractor shall cooperate with Owner in monitoring the submission to the Owner of 
payroll records by the various Subcontractors and Suppliers when requested.  Contractor 
shall, prior to bidding the Work, obtain the most current edition of Owner's Prevailing Wage 
Rate Schedule (Exhibit 9) to be applicable to such Work.   

K. Duty to Provide Access to the Work.  The Contractor shall provide the Owner, Engineer, and 
Owner's Separate Contractors, reasonable access to the Work in preparation and progress 
wherever located, as Owner may deem necessary in its sole and exclusive discretion. 

L. Duty to Protect the Work.  Contractor shall be responsible for the protection and security of 
the Work and the Project until Owner has assumed control of and accepted beneficial 
occupancy thereof or a portion thereof for its intended use, or Substantial Completion of the 
Work or any portion of the Work has occurred.  Owner may, but is not obligated to, accept 
Contractor's tender of any portion of the Project for beneficial occupancy and use prior to 
Substantial Completion of the entire Project.  Contractor shall give Owner and Engineer full 
opportunity to inspect the Work at all stages.   

M. Duty Regarding Utility Installations.  Where any utility installations will be affected by Work 
to be carried out by Contractor, Contractor must provide ample advance notice to Owner 
and obtain the prior consent of the owners, operators or persons in charge of such utilities. 

N. Duty to Avoid Delay.  Contractor shall use its best efforts to re-sequence the Work when 
necessary or appropriate to overcome and/or mitigate, to the greatest practicable extent, 
the effect of any delays.  Any additional costs due to acceleration of the Work to overcome 
delays on the critical path may be subject to Change Directive or Change Order, but only to 
the extent allowed under Article 11 of the General Conditions.  Contractor shall diligently 
prosecute its Work in order to meet the Substantial Completion Date for the Project. 

ARTICLE 10 – MISCELLANEOUS 

10.01 Terms 

A. Terms used in this Agreement will have the meanings stated in the General Conditions and 
the Supplementary Conditions. 

10.02 Rights and Remedies. 

A. No action or failure to act by the Owner, Engineer or DPOR shall constitute a waiver of a right 
or duty afforded to Owner under this Agreement, nor shall such action or failure to act 
constitute Owner’s approval of or acquiescence to a breach hereunder, unless otherwise 
expressly agreed thereafter in a separate writing. 

B. Neither Contractor nor any of its Subcontractors, Suppliers, or other materialmen or laborers 
shall have any lien rights against the Owner’s lands, buildings or funds, or have any 
enforceable rights against the Owner on this Agreement. 

C. The invalidity of any part or provision of the Contract Documents shall not impair or affect in 
any manner whatsoever the validity, enforceability or effect of the remainder of the Contract 
Documents. 
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D. In the event of (i) the bankruptcy or insolvency of Contractor, or (ii) a general assignment by 
Contractor for the benefit of its creditors, or (iii) the appointment of a receiver for the benefit 
of Contractor’s creditors, or (iv) institution of any action or proceeding under any bankruptcy, 
insolvency, reorganization, composition or arrangement law, or any law of similar import of 
the United States, any state thereof, or any other country, by or against Contractor or any 
entity or entities that own a controlling interest in the Contractor, Contractor agrees such 
event could impair or frustrate its ability to perform this Agreement or any other contract 
between the parties or their affiliates (collectively, the “Contracts”), and Owner shall be 
entitled to request of Contractor or its successor in interest adequate assurance of future 
performance in accordance with the terms and conditions of such Contracts.  Failure to 
comply with such request within ten (10) days of after the date it is delivered shall constitute 
Contractor’s material default hereunder, and all rights of Contractor under this Agreement 
shall, to the maximum extent allowed by law, automatically terminate.  From and after said 
date Contractor shall remain liable for the performance of the Contracts, but Contractor shall 
cease to have any right to receive any further payment thereunder until final completion and 
settlement of all of the Contractor’s obligations thereunder.  This provision, when operable, 
supersedes all contrary provisions of this Agreement.  Notwithstanding the foregoing, if an 
order for relief under Chapter 11 of the Bankruptcy Code is entered with respect to 
Contractor during the term of the Contracts, then the Contractor agrees it will, subject to 
Bankruptcy Court approval, formally assume or reject, subject to the requirements of 11 
U.S.C. § 365, each of the Contracts within seven (7) days after delivery of written request for 
such action by the Owner.  If Contractor fails to timely move for approval or rejection of the 
Contracts, it acknowledges and agrees that (i) it will not contest or in any way otherwise take 
any action to oppose such a motion filed by the Owner for the lifting of the automatic stay 
of 11 U.S.C. § 362 (the “Lift Stay Order”) to permit the Owner to enforce its rights under this 
Agreement; (ii) it waives all rights it may have under 11 U.S.C. § 362(f); (iii) it hereby consents 
to the ex parte entry of the Lift Stay Order pursuant to 11 U.S.C. § 362(f); and (iv) at the 
option of the Owner, it hereby agrees that it will execute an agreed Lift Stay Order on forty-
eight (48) hours’ notice.  Contractor acknowledges and represents to Owner, and agrees, 
that (i) Contractor is familiar with this Agreement and the importance of completing the 
Contracts on time and within their terms; and (ii) based upon such familiarity, it is critical to 
performance of the Contracts that the Owner have prompt and immediate access to the 
contractual remedies under this Agreement in the event of Contractor’s default hereunder. 

10.03 Ownership of Instruments of Service, Work Product and Electronic Data.  Contractor agrees that 
Owner shall have the following rights with respect to all Work Product created in connection with 
the Project: 

A. Owner shall own and retain all common law, statutory, copyright, and other reserved rights 
to Work Product prepared by its various design professionals under their respective 
professional services agreements.  Any unauthorized publication, reproduction, or use of the 
instruments of service by the Contractor, its personnel, Subcontractors, Suppliers or others 
under the control of the Contractor or for whom Contractor is responsible, shall be at the 
Contractor's sole risk and expense.  Submission or distribution of portions of the Work 
Product as required to meet official regulatory requirements or for similar purposes in 
connection with the Project is not to be construed as publication in derogation of Owner’s 
rights. 

B. Contractor grants to Owner all intellectual property rights in and to all Work Product created 
by or on behalf of Contractor in connection with the Project; however, Contractor shall have 
no liability to Owner for Owner’s reuse of such Work Product by others without the 
involvement of Contractor.  The Contractor shall pay all royalties and license fees for such 
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Work Product. The Contractor shall defend suits or claims for infringement of copyrights and 
patent rights as to such Work Product and shall hold the Owner, DPOR and Engineer harmless 
from loss on account thereof, but shall not be responsible for such defense or loss when a 
particular design, process or product of a particular manufacturer or manufacturers is 
required by the Contract Documents or where the copyright violations are contained in 
Drawings, Specifications or other documents prepared by the DPOR or Engineer.  However, 
if the Contractor has reason to believe that the required design, process or product is an 
infringement of a copyright or a patent, the Contractor shall be responsible for such loss 
unless such information is promptly furnished to the Owner and Engineer.  Contractor (or 
the author thereof, as applicable) shall retain the right of ownership to all Work Product 
created by or on behalf of Contractor in connection with the Project, including the right to 
use, reuse, adapt, reproduce, and sublicense to others the right to use all such Work Product.  

C. Upon request of Owner, Contractor shall assist Owner to pursue and enforce for Owner’s 
benefit the intellectual property rights granted to Owner under Paragraph 10.03.B above in 
and to Work Product created by or on behalf of, or used by, Contractor in connection with 
the Project.  If called upon to render such assistance after the termination of this Agreement, 
Contractor will be entitled to a fair and reasonable compensation for such assistance as 
Additional Services.  Work Product developed specifically for the Project shall not be used by 
Contractor or its personnel, Subcontractors or Suppliers, except in connection with the 
Project, without prior notification to Owner. 

D. All documentation generated for the Project, including all documentation prepared or 
exchanged by and between Owner, Contractor or its Subcontractors and Suppliers, Engineer, 
and other service providers and/or consultants on the Project shall be maintained and stored 
in Owner’s CPMS. 

10.04 Assignment of Contract 

A. Contractor shall not assign this Agreement in whole or in part or assign any monies due or to 
become due to Contractor, or delegate any of its duties and obligations hereunder, without 
Owner’s prior written approval and the written assumption by the approved assignee of all 
of Contractor’s duties and obligations hereunder.  Any assignment or attempted assignment 
without Owner’s prior written approval shall be void.  No assignment or delegation by 
Contractor shall relieve Contractor of its obligations hereunder to Owner.  Contractor shall 
not replace any subcontractor or individuals listed in the Contractor’s List of Key Personnel 
(Exhibit 10) without prior written consent of the Owner.   

10.05 Successors and Assigns 

A. Owner and Contractor each binds itself, its successors, assigns, and legal representatives to 
the other party hereto, its successors, assigns, and legal representatives in respect to all 
covenants, agreements, and obligations contained in the Contract Documents. 

10.06 Severability 

A. Any provision or part of the Contract Documents held to be void or unenforceable under any 
Law or Regulation shall be deemed stricken, and all remaining provisions shall continue to be 
valid and binding upon Owner and Contractor, who agree that the Contract Documents shall 
be reformed to replace such stricken provision or part thereof with a valid and enforceable 
provision that comes as close as possible to expressing the intention of the stricken provision. 

10.07 Third Party Beneficiaries.  Except as otherwise expressly set forth in this Agreement, no provision 
of this Agreement shall confer, or be construed to create, any right or benefit in any third party, 
or in any way inure to the benefit of any third person (including the public at large) so as to allow 
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a right of recovery for any such person or party as a third-party beneficiary hereof or of any one 
or more of the terms hereof, or otherwise give rise to any cause of action in any person not a 
party hereto.  Notwithstanding the foregoing, Contractor shall include a clause in all of its 
agreements executed in connection with this Project, including without limitation all contracts, 
subcontracts, consulting agreements, and purchase orders, that Owner may, at its election, 
assume the status of a third party beneficiary to any such agreements.  Such election by the Owner 
may be exercised as to any such agreement by Owner’s issuance of written notice of such election 
to the other party or parties to such agreement.  

10.08 Captions; Definitions.  The captions of sections in this Agreement are for convenience only and 
shall not be considered or referred to in resolving questions of interpretation or construction; 
however, references to “Articles” refer to portions of the Agreement denoted by Roman 
Numerals.  All capitalized terms herein shall have the meaning assigned to such terms in the 
General Conditions. 

10.09 Effect of Owner Approvals.  Any approval given by Owner, Engineer, DPOR or Owner’s 
representatives shall not relieve Contractor of its obligations and other duties under the Contract 
Documents or be construed as an assumption or waiver of liability by Owner. 

10.10 Appointment.  Owner hereby expressly reserves the right from time to time to designate by notice 
to Contractor one or more representatives to act partially or wholly for Owner as Owner’s 
authorized representative in connection with the administration of Owner’s rights and obligations 
hereunder.  A provision of this Agreement specifying requirements for the inspection, approval, 
or other action by the Engineer shall constitute Owner’s authorization to take such action, unless 
such authorization is subsequently revoked by Owner.  Contractor shall act upon instructions from 
Owner’s authorized representatives only, unless or until otherwise specifically notified by Owner 
to the contrary. 

10.11 Business Ethics.  During the course of performance of this Agreement, Contractor shall maintain, 
and cause its personnel, Subcontractors and Suppliers to maintain business ethics standards 
aimed at avoiding real or apparent impropriety or Conflicts of interest.  No substantial gifts, 
entertainment, payments, loans or other considerations beyond that which would be collectively 
categorized as incidental shall be made to any personnel of the Owner or Engineer, or to family 
members of any of them.  At any time, Contractor believes there may have been a violation of 
this obligation, Contractor shall notify Owner of the possible violation.  Owner is entitled to 
request a representation letter from Contractor, and its personnel, Subcontractors and Suppliers 
at any time requesting disclosure of all things of value passing between any of them and any such 
personnel. 

10.12 Interest of Public Officials.  The Contractor represents and warrants that no director, employee, 
official, agent or representative of the Owner, NFBWA or any authorities having jurisdiction over 
the Project has or will have or receive any pecuniary interest in or benefit from this Agreement, 
directly or indirectly.  The Contractor further represents and warrants that it has not offered or 
given gratuities (in the form of entertainment, gifts, or otherwise) to any director, employee, 
official, agent or  representative of such entities with a view toward securing favorable treatment 
in the awarding, amending, or evaluating the performance of the Agreement.  For breach of any 
representation or warranty in this Paragraph, the Owner shall have the right to annul the 
Agreement without liability and/or have recourse to any other remedy it may have at law or in 
equity. 

10.13 Notices.  Any notice, approval, or other communication directive provided for between the parties 
pursuant to this Agreement shall be in writing and shall be deemed to have been properly given 
and effective upon receipt, if such notice shall have been (i) delivered by hand, (ii) mailed, postage 
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prepaid, registered or certified, addressed to the following individuals, who shall be the parties’ 
respective authorized agents: 

To Owner:  

West Harris County Regional Water Authority 

  c/o Dannenbaum Engineering Corporation 

3100 W. Alabama 

Houston, Tx 77098 

 

To Contractor: 

________________________ 

________________________ 

________________________ 

________________________ 

________________________ 

10.14 Publicity Releases.  All publicity releases or releases of reports, papers, articles, drawings, 
photographs, renderings, maps, or other documents in any way concerning the Project, the 
Agreement, or the Work hereunder which the Contractor or any of its Contractor’s personnel 
desires to make for purposes of publication, in whole or in part, shall be subject to written 
approval by the Owner prior to release. 

10.15 Sovereign Immunity.  Owner does not waive or relinquish any immunity or defense on behalf of 
itself and its directors, officers, employees, representatives, and agents as a result of their 
execution of this Agreement and performance of the functions or obligations described herein.  
Nothing herein shall be construed as creating any personal liability on the part of any officer, 
director, employee, agent, or representative of the Owner.  Nothing in this Agreement shall be 
construed to create a claim or cause of action against Owner for which it is not otherwise liable 
or waive any immunity or defense to which Owner may be entitled.  In addition, nothing in this 
Agreement shall create an impermissible debt of Owner. 

10.16 Restrictions Regarding Use of Subcontractors. 

A. In accordance with all applicable Laws and Regulations, Contractor shall inform its bidders 
that, during its evaluations of the bids, Contractor will conduct, or cause to be conducted, a 
background check of each bidder’s history of compliance with laws, standards, policies and 
procedures, to verify the accuracy and truthfulness of the bidder’s above representations 
and warranties.  Contractor shall obtain the express consent to conduct such background 
check from each bidder, for itself and its principals, members, partners, shareholders, 
employees, subcontractors, and any third parties or individuals who are or will be acting in 
conjunction with or under the direction, supervision or control of the bidder.  Such 
background check shall include the bidder and each bidder’s principals, members, partners, 
shareholders, employees, subcontractors, and any third parties or individuals who are or will 
be acting in conjunction with or under the direction, supervision or control of the bidder, to 
the extent any of them are or may be involved in the furnishing of the bid, services, work, 
labor or materials for Owner pursuant to this Agreement, in order to determine whether any 
of the forgoing have a history of non-compliance in regard to any of the requirements 
contained in the bidder’s representations and warranties, as set forth above.   
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B. Contractor further warrants and represents that it shall not award a contract to a bidder, if 
the bidder, or persons or entities related to the bidder who are to be involved in the subject 
matter of the contract, are found to have a history of non-compliance. 

C. Failure to strictly comply with the above provisions of this Paragraph may, in Owner’s sole 
discretion, result in the immediate termination of this Agreement, without further notice or 
opportunity to cure. 

10.17 Enforcement.  It is acknowledged and agreed that Contractor’s services to Owner are unique, 
which gives Contractor a peculiar value to Owner and for the loss of which Owner cannot be 
reasonably or adequately compensated in damages; accordingly, Contractor acknowledges and 
agrees that a breach by Contractor of the provisions hereof will cause Owner irreparable injury 
and damage.  Contractor, therefore, expressly agrees that Owner shall be entitled to injunctive 
and/or other equitable relief in any court of competent jurisdiction to prevent, specifically 
enforce, or otherwise restrain a breach of, this Agreement. 

10.18 Equal Employment Opportunity Requirements. 

A. Contractor, in the performance of its obligations and duties in connection with the Project, 
agrees as follows: 

1. The Contractor will not discriminate against any employee or applicant for employment 
because of race, creed, color, gender or national origin. The Contractor will take 
affirmative action to ensure that applicants are employed, and that employees are 
treated during employment, without regard to their race, creed, color, or national 
origin. Such action shall include, but not be limited to the following: employment, 
upgrading, demotion, or transfer; recruitment or recruitment advertising; layoff or 
termination; rates of pay or other forms of compensation; and selection for training, 
including apprenticeship. The Contractor agrees to post in conspicuous places, available 
to employees and applicants for employment, notices to be provided by the Owner 
setting forth the provisions of these nondiscrimination terms; 

2. The Contractor will, in all solicitations or advertisements for employees placed by 
Contractor in connection with this Agreement, state that all qualified applicants will 
receive consideration for employment without regard to race, creed, color, gender, or 
national origin; 

3. The Contractor will send to each labor union or representative of workers with which 
he has a collective bargaining agreement or other contract or understanding, a notice, 
to be provided by the agency contracting officer, advising the labor union or workers’ 
representative of the Contractor’s commitments under Section 202 of Executive Order 
No. 11246 of September 24, 1965, and shall post copies of the notice in conspicuous 
places available to employees and applicants for employment; 

4. The Contractor will comply with all provisions of Executive Order 11246, "Equal 
Employment Opportunity," as amended by Executive Order 11375, "Amending 
Executive Order 11246 relating to Equal Employment Opportunity," and as 
supplemented by regulations at 41 C.F.R. Part 60, "Office of Federal Contract 
Compliance Programs, Equal Employment Opportunity Department of Labor, and the 
rules, regulations, and relevant orders of the Secretary of Labor. 

5. The Contractor will furnish all information and reports required by Executive Order No. 
11246 of September 24, 1965, and by the rules, regulations, and orders of the Secretary 
of Labor, or pursuant thereto, and will permit access to his books, records, and accounts 
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by the contracting agency and the Secretary of Labor for purposes of investigation to 
ascertain compliance with such rules, regulations, and orders; 

6. In the event of the Contractor’s noncompliance with the nondiscrimination clauses of 
this Agreement or with any of such rules, regulations, or orders, this Agreement may be 
cancelled, terminated or suspended in whole or in part and the Contractor may be 
declared ineligible for further government contracts in accordance with procedures 
authorized in Executive Order No. 11246 of September 24, 1965, and such other 
sanctions may be imposed and remedies invoked as provided in Executive Order No. 
11246 of September 24, 1965, or by rule, regulation, or order of the Secretary of Labor, 
or as otherwise provided by law; and 

7. The Contractor will include the provisions of this Paragraph 10.18.A in every subcontract 
or purchase order unless exempted by rules, regulations, or orders of the Secretary of 
Labor issued pursuant to Section 204 of Executive Order No. 11246 of September 24, 
1965, so that such provisions will be binding upon each subcontractor or vendor. 

The above nondiscrimination terms, itemized in this Paragraph, shall also apply to handicap 
individuals. 

B. Contractor confirms for itself and all Subcontractors that each of them who is an employer 
has an equal employment opportunity policy ensuring equal employment opportunity 
without regard to race, color, national origin, sex, age, religion or handicap; and that 
Contractor and each of such Contractor’s personnel maintain no employee facilities 
segregated on the basis of race, color, national origin, sex, age, religion or handicap. 

10.19 Community Outreach Plan.   

Owner has provided Contractor access to Owner’s community outreach plan.  To the extent 
reasonably required by Owner, Contractor shall assist Owner in achieving the objectives included 
in such community outreach plan. 

10.20 Independent Contractor.  Contractor recognizes that it is engaged as an independent contractor 
and acknowledges that Owner will have no responsibility to provide transportation, insurance or 
other fringe benefits normally associated with employee status.  Nothing contained or inferable 
herein shall be deemed or construed to (1) make Contractor the agent, servant or employee of 
the Owner, or (2) to create any partnership, joint venture, or other association between Owner 
and Contractor.  Any direction or instruction by Owner or any of its authorized representatives in 
respect of the Work shall relate to the results the Owner desires to obtain from the Work and 
shall in no way affect Contractor’s independent contractor status described herein.  Contractor, 
in accordance with its status as an independent contractor, covenants and agrees that it shall 
conduct itself consistent with such status, that it will neither hold itself out as nor claim to be an 
officer, partner, employee or agent of Owner by reason hereof, and that it will not by reason 
hereof make any claim, demand or application to or for any right or privilege applicable to an 
officer, partner, employee or agent of Owner, including, but not limited to, unemployment 
insurance benefits, social security coverage or retirement benefits.  Contractor hereby agrees to 
make its own arrangements for any of such benefits as it may desire and agrees that it is 
responsible for all income taxes required by applicable Laws and Regulations. 

10.21 Applicable Law.  All questions relating to the validity, interpretation or performance of this 
Agreement shall be determined in accordance with the laws of the State of Texas, disregarding 
any conflict of law rules which may dictate the application of the laws of any other jurisdiction. 

10.22 Owner’s Right to Audit Contractor’s Books and Records.   
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A. Owner shall have the right, at its discretion, to periodically audit and require supporting 
documentation with expanded detail for Contractor’s Applications for Payment.  Owner, 
Owner’s accountants, Owner’s agents, or its authorized representative shall be afforded 
reasonable access upon Owner’s request, at reasonable times, as determined by Owner, to 
the Contractor’s personnel and records relating to the Work, and the Contractor shall 
preserve these for a period of three (3) years after final payment, or for such longer period 
as may be required by law. 

B. By executing this Agreement, the Contractor accepts the authority of the Texas State 
Auditor's Office to conduct audits and investigations in connection with all state funds 
received pursuant to this Agreement. The Contractor shall comply with any directive from 
the Texas State Auditor and shall cooperate in any such investigation or audit. The Contractor 
agrees to provide the Texas State Auditor with access to any information the Texas State 
Auditor considers relevant to the investigation or audit. The Contractor also agrees to include 
in any contract, agreement, purchase order or Subcontract related to this Agreement a 
provision requiring the other contracting party to submit to audits and investigations by the 
Texas State Auditor's Office in connection with any state funds received pursuant to such 
contract, agreement, purchase order or Subcontract. 

 
10.23 Parent Guaranty of _____________________ (“Parent Company”).  

A. Contractor has caused its Parent Company to execute in favor of Owner, and Contractor 
hereby delivers to Owner, and acknowledges that Owner has entered into this Contract in 
reliance on the representations and commitment of its Parent Company contained in, the 
Parent Guaranty (Exhibit 11), guaranteeing to Owner all of the obligations, duties and 
undertakings of ______________________ as the Contractor under this Contract. 

B. Joinder Agreement of _____________________. Contractor has caused its Parent 
Company to execute below the Joinder Agreement confirming its obligations under the 
Parent Guaranty with respect to this Contract. 

10.24 Prevailing Party.  In any dispute arising under this Agreement, the following shall apply in the 
determination of which Party is the prevailing Party.  If a Party claiming a right to payment of an 
amount in dispute is awarded all or substantially all of such disputed amount, then such claiming 
Party shall be the prevailing Party.  If a Party defending against such claim is found to be not liable 
to pay all or substantially all of the disputed amounts claimed by the claiming Party, then the Party 
so defending against such claim shall be the prevailing Party.  If both Parties prevail with respect 
to different claims by each of them, then the Party who is prevailing with respect to the 
substantially greater monetary sum shall be deemed the prevailing Party; otherwise, if both 
Parties prevail with respect to monetary sums on different claims, neither of which sums is 
substantially greater than the other, the tribunal having jurisdiction over the controversy, claims 
or actions shall in rendering the award determine in its discretion whether and to what extent 
either Party should be entitled to recover any portion of its attorney fees.  Subject to Section 
271.153 of the Texas Local Government Code, the prevailing Party shall be entitled to recover 
reasonable attorney fees and costs. 

10.25 House Bill 89 Verification.  By signing and entering into this Agreement, Contractor verifies, 
pursuant to Section 2270.002 of the Texas Government Code, it does not boycott Israel and will 
not boycott Israel during the term of this Contract. 

10.26 Texas Ethics Commission Form 1295 ("TEC Form 1295").  Contractor represents and warrants that 
all information contained in any TEC Form 1295 submitted by Contractor with its Bid is true and 
accurate.  Contractor acknowledges and understands that neither the Owner nor its consultants 
or representatives have the ability to verify the information included in a TEC Form 1295, and 
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none of them have an obligation nor undertake any responsibility for Contractor’s proper 
completion of the TEC Form 1295. 

10.27 Severability and Entirety Agreement; Amendments.  If any provision in this Agreement is held to 
be unenforceable, the remainder of this Agreement shall continue in full force and effect and, to 
the extent permitted by applicable Laws and Regulations, this Agreement shall be interpreted so 
as to give the effect to the original written intent of the parties.  If any portion of a provision is 
held to be unenforceable, the remainder shall be enforced to the maximum extent so as to give 
effect to the original written intent of the parties.  Except as otherwise expressly stated herein, 
this Agreement constitutes the entire agreement between the parties pertaining to the subject 
matter hereof, supersedes all prior or contemporaneous agreements and negotiations between 
them, and may not be modified orally or otherwise, other than by written instrument executed 
on behalf of each party by its duly authorized representatives.  Owner shall not be bound by or 
be liable for any statement, representation, promise, inducement, or understanding of any kind 
not set forth herein. The parties to this Agreement expressly agree that both had opportunity to 
negotiate its terms and to obtain the assistance of counsel in reviewing its terms prior to 
execution, and that this Agreement shall not be construed more strictly against either Party 
regardless of which party may have authored any portion or provision herein. 

ARTICLE 11 – CONTRACT DOCUMENTS 

11.01 Contents 

A. The Contract Documents consist of the following: 

1. This Agreement (pages 1 to 26, inclusive). 

2. Performance bond (pages _1_ to _2_, inclusive). 

3. Payment bond (pages _1_ to _2_, inclusive). 

4. Warranty bond (pages _1_ to _2_, inclusive). 

5. General Conditions (pages _1_ to _68_, inclusive). 

6. Supplementary Conditions (pages _1_ to _4_, inclusive). 

7. The Construction Documents, which include: 

a. Specifications as listed in the table of contents of the Project Manual. 

b. Drawings (not attached but incorporated by reference) listed on the attached sheet 
index. 

8. Addenda (numbers ___ to ___, inclusive). 

9. Exhibits to this Agreement (enumerated as follows): 

a. Exhibit 1  Contractor’s Bid dated _12-07-2020_ (pages _1__ to _9_, 
inclusive) 

b. Exhibit 2  Owner’s Requirements of Insurance (pages _1_ to _12_, 
inclusive) 

c. Exhibit 3  Conflict of Interest Questionnaire (pages _1_ to _2_, inclusive) 

d. Exhibit 4  Resolution in Support of Construction Agreement (pages _1_ to 
__2_, inclusive) 

e. Exhibit 5  Contractor's Confidentiality Agreement (pages _1_ to _4_, 
inclusive) 
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f. Exhibit 6  RESERVED. 

g. Exhibit 7  Acknowledgement of Data Use Protocols (pages _1_ to _4_, 
inclusive) 

h. Exhibit 8  Schedule of Submittals  

i. Exhibit 9  Prevailing Wage Rate Schedule (pages _1_ to _3_, inclusive) 

j. Exhibit 10 Contractor’s List of Key Personnel (pages _1_ to _2_, inclusive) 

k. Exhibit 11 Parent Guaranty (pages _1_ to _4_, inclusive) 

l. Exhibit 12 Form of Application for Payment (pages _1_ to _10_, inclusive) 

m. Exhibit 13 Form of Change Order 

n. Exhibit 14 Construction Schedule 

o. Exhibit 15 Release of Claims Forms (pages ___ to ___, inclusive) 

1) Exhibit 15.1 Conditional Waiver and Release on Progress Payment Form 
pages _1_ to _2_, inclusive) 

2) Exhibit 15.2 Unconditional Waiver and Release on Progress Payment Form 
(pages _1_ to _2_, inclusive) 

3) Exhibit 15.3 Conditional Waiver and Release on Final Payment Form (pages 
_1_ to _2_, inclusive) 

4) Exhibit 15.4 Unconditional Waiver and Release on Final Payment Form (pages 
_1_ to _2_, inclusive) 

10. The following which may be delivered or issued on or after the Effective Date of the 
Contract and are not attached hereto: 

a. Notice to Proceed. 

b. Work Change Directives. 

c. Change Orders. 

d. Field Orders. 

B. The documents listed in Paragraph 11.01.A are attached to this Agreement (except as 
expressly noted otherwise above). 

C. Except as otherwise set forth in this Agreement, there are no Contract Documents other than 
those listed above in this Article 11. 

The Contract Documents may only be amended, modified, or supplemented as provided in 
the General Conditions. 
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IN WITNESS WHEREOF, Owner and Contractor have signed this Agreement.  

This Agreement will be effective on __________ (which is the Effective Date of the Contract). 

 

OWNER:  CONTRACTOR: 

   

By:   By:  

Title:   Title:  

  
(If Contractor is a corporation, a partnership, or a 
joint venture, attach evidence of authority to sign.)   

Attest:   Attest:  

Title:   Title:  

   

   

  License No.:  

   
(where applicable) 
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JOINDER AGREEMENT IN SUPPORT OF PARENT GUARANTY 

 

Parent Company joins in the execution of this Contract for the limited purpose of evidencing that, in 
connection with the Parent Guaranty, it has reviewed and has knowledge of the terms and conditions 
hereof, and the obligations, duties and undertakings of Contractor assumed herein. 

 

_________________________________ 

 

By:  ______________________________ 

 

Name:  ___________________________ 

 

Title:  ____________________________ 
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EXHIBIT 1 

CONTRACTOR’S BID 
 
 

1.0 BID PRICES HAVE BEEN CALCULATED BY BIDDER, USING THE FOLLOWING 
COMPONENT PRICES AND PROCESS (PRINT OR TYPE NUMERICAL 
AMOUNTS): 
 
A. BASE BID UNIT PRICE TABLE: 

 

Item 
No. 

Spec 
Ref. 

Base Unit Short 
Title(7) 

Unit of 
Measure 

Estimated 
Quantity 

Unit Price(6) 
(this column 

controls) 

Total in 
figures 

1.      01 71 13 Mobilization LS 1 $_____000 (1) $_____000(1) 

2.      43 21 09 

Furnish and 
Install Horizontal 
Split Case Pumps 
including all 
related provisions 
required for a fully 
functional system 
(pump, motor and 
drive) as shown 
in the Contract 
Documents.    

EA 4    

3.      31 21 33 
Trench Safety 
System 

LF 12,200    

4.      Div 1 - 46 

Incoming 
Injection Station 
improvements as 
specified in 
Contract 
Documents 

LS 1    

5.      Div 1 - 46 

Ground Storage 
Tank 
improvements as 
specified in 
Contract 
Documents 

EA 2    

6.      Div 1 - 46 

Pump Building 
improvements as 
specified in 
Contract 
Documents 

LS 1    
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Item 
No. 

Spec 
Ref. 

Base Unit Short 
Title(7) 

Unit of 
Measure 

Estimated 
Quantity 

Unit Price(6) 
(this column 

controls) 

Total in 
figures 

7.      Div 1 - 46 

Outgoing 
Injection Station 
improvements as 
specified in 
Contract 
Documents 

LS 1    

8.      Div 1 - 46 

Chemical Facility 
improvements as 
specified in 
Contract 
Documents 

LS 1    

9.      Div 1 - 46 

Operations 
Building 
improvements as 
specified in 
Contract 
Documents 

LS 1    

10.    Div 1 - 46 

Maintenance 
Building 
improvements as 
specified in 
Contract 
Documents 

LS 1    

11.    Div 1 - 46 

All other 
incidental civil, 
mechanical, 
structural, 
architectural, 
MEP, electrical 
and 
instrumentation 
improvements not 
included in other 
bid items 
including Fry 
Road as specified 
in Contract 
Documents 

LS 1    

12. 01 29 02 Demobilization LS 1 $_____000 (2) $_____000(2) 

TOTAL BASE UNIT PRICES $________ 
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B. BASE BID HARRIS COUNTY WORK IN ROW  

 

Item 
No. 

Spec 
Ref. 

Base Unit Short 
Title(7) 

Unit of 
Measure 

Quantity 
Unit Price(6)  
(this column 

controls) 

Total in 
figures 

1 HC 600 

Place and 
Remove Project 
Signs, Traffic 
signs, Barricades 
& Pavement 
Markings 

LS 1   

2 HC 300 

Road Extension - 
Site 
Improvements - 
Concrete paving 
10" 

SY 317   

3 
HC 100, 

500 

Road Extension - 
Site 
Improvements - 
Concrete Curb  
demolition 

LF 50   

4 
HC 100, 

500 

Fry Road 
Reconstruction - 
Concrete curbs 
Demolition 

LF 1,043   

5 HC 100 

Fry Road 
Reconstruction - 
Concrete 
pavement 
Demolition 

SY 38   

6 HC 300 

Fry Road 
Reconstruction - 
Site 
Improvements - 
Concrete paving 
10" 

SY 188   

7 
HC 200, 

500 

Fry Road 
Reconstruction - 
Site 
Improvements - 
Concrete Curb & 
Gutter, c.i.p. 6" 
by 18" 

LF 883   

8 HC 600 

Fry Road 
Reconstruction - 
Site 
Improvements - 
Painted lines 8" 
wide 

LF 200   
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Item 
No. 

Spec 
Ref. 

Base Unit Short 
Title(7) 

Unit of 
Measure 

Quantity 
Unit Price(6)  
(this column 

controls) 

Total in 
figures 

9 HC 400 

4" Sanitary 
Forcemain tie-in 
to existing Harris 
County Manhole 

LF 1,450   

10 HC 400 

Manhole 
Modifications - 
Sanitary 
Forcemain tie-in 
to existing Harris 
County Manhole 
as shown in 
detail 1 of 
Drawing 00C516 

LS 1   

11 HC 500 
Stabilized 
Construction 
Entrance 

CY 24   

12  
Junction Box & 
Box Culvert 
Extension 

LS 1   

13 HC 700 Silt Fence LF 4,600   

14 HC 700 
Silt Fence 
Monitoring 

Mo 18   

15 HC 700 
Inlet Protection 
Barrier - Type II 

EA 39   

16 HC 700 
Inlet Protection 
Barrier - Type I 

EA 15   

TOTAL BASE UNIT PRICES $________ 

 

C. CASH ALLOWANCE TABLE: 
 

Item 
No. 

Primary 
Spec 
Ref. 

Cash Allowance Short Title 
Cash 

Allowance in 
figures 

1. 01 21 00 CenterPoint Energy Service – Switch Relocation $15,000.00(4) 

2. 01 21 00 CenterPoint Energy Service – Power Service $75,000.00(4) 

3.  Harris County Building Permits $______.00(4) 

4  Harris County Fire Code Inspection Fees $______.00(4) 

5.  Harris County Bond Premium $_____.00(4)(5) 

6.  Furniture and Fixtures $350,000.00(4) 

TOTAL CASH ALLOWANCES  
  

$_______.00 
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D. ADDITIONAL ITEMS: 
 

Item 
No. 

Spec 
Ref. 

Base Unit Short 
Title(7) 

Unit of 
Measure 

Quantity 
Unit Price(6)  
(this column 

controls) 

Total in 
figures 

1.      01 29 02 

Additional 
Remobilization 
and 
Demobilization 
Cost for 
Commissioning 
and Testing 

LS 1 $______.00(3) $______.00(3) 

2.      01 29 02 

Stand by Daily 
Rate before 
Commissioning 
and Testing 

EA Per day $_______.00 $_______.00 

3.      01 29 02 

Stand by Daily 
Rate during 
Commissioning 
and Testing 

EA Per day $_______.00 $_______.00 

4. 01 29 02 
Water for Testing 
and 
Commissioning 

EA 
Per 

1000 
gallons 

$_______.00 $_______.00 

 
E. ALTERNATE BID PRICE TABLE: 

 

Item 
No. 

Spec 
Ref. 

Base Unit 
Short Title(7) 

Unit of 
Measure 

Estimated 
Quantity 

Unit 
Price(6)  
(this 

column 
controls) 

Total in 
figures 

1.      33 11 13.02 

84-inch 
Dished Head 
Plug @ Point 
of Connection  

EA 2     

2.      33 11 13.02 

Connection to 
Exist. 84-inch 
Water Line @ 
Point of 
Connection 

EA 2     
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Subtotal – Total Base Bid Items (Table A + B)    $____________________ 

Subtotal – Cash Allowance $____________________ 

Subtotal – Additional Items $____________________ 

Subtotal – Alternate Bid Price Table $____________________ 

 
TOTAL BID AMOUNT:                                              $ ______________ 

 
 
Notes: 
 

 (1) Mobilization costs shall be limited to 3% of the Contract price and will be paid 
in two payments. Each of the two payments will be 50% of the total amount 
for mobilization to be paid over 3 months. 

(2) Demobilization shall be limited to 1% of the Contract price and shall be 
included with the application for payment following substantial completion 

(3) Additional remobilization and demobilization shall be limited to 1.5% of the 
Contract Price and shall be paid in full following Substantial completion. 

(4) Fixed Unit Price determined prior to Bid. Cannot be adjusted by the Bidder. 
Allowances to include payment for subcontractor’s invoice only. Contractor 
shall include any overhead and profit in base bid items.   

(5) The cash allowance for bond premium shall be 3% of 75% on the total of unit 
price items in Bid Table B. 

(6) In the event of a discrepancy, this column shall govern. 
(7) The intent of the Contract Documents is for the Contractor to include all items 

necessary for the proper execution and completion of the work described in 
the Contract Documents. No separate measurement and payment shall be 
made for any work unless identified as a separate pay item in the Bid. Include 
the cost of work not identified as a separate pay item in Contract price bid for 
items of which this work is a component. In case of discrepancy between the 
measurement and payment within the bid and Technical Specification 
Section, the Bid shall govern. 

 
The total amount bid equals the total of the following items, each of which shall 

be billed separately by CONTRACTOR to OWNER: 
 
a. $                             Incorporated Material 
b. $                             Non-Incorporated Material 
c. $                             All other costs and fees 
 
The amounts set forth above are current estimates by CONTRACTOR of the amounts 
that will be determined during the progress of the Work The separated Final Progress 
billing from CONTRACTOR to OWNER shall reflect the actual amounts expended for the 
items enumerated in (a), (b), and (c) above 
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The undersigned agrees to begin work within 10 calendar days after written Notice to 
Commence Work has been given him by ENGINEER. The undersigned also agrees to 
complete the work within the construction schedule identified in the Agreement between 
Owner-Contractor for Construction Contract (Stipulated Price) after the date of the 
written Notice to Commence Work 

Receipt and acknowledgement of the following Addenda to the BIDDING DOCUMENTS 
are hereby made 
 
Addendum No.                                                                    Dated       ______________                   
 

Enclosed with this BID is Cashiers Check or Bid Bond in the amount of$ 5% of total bid. 
The undersigned agrees that this amount is the measure of liquidated damages which 
OWNER will sustain by the failure of the undersigned to timely execute and deliver the 
above-named Contract and Bonds and further agrees that this check or bid bond shall 
be retained and/or collected by OWNER as liquidated damages in the event this BID is 
accepted by OWNER within 60 calendar days after the date of the opening of bids and 
the undersigned fails to execute the Contract and the required Bonds and provide the 
required insurance certificates all within calendar days after the date CONTRACT 
DOCUMENTS are received by the undersigned otherwise said check or Bid Bond shall 
be returned to the undersigned in accordance with the provisions of the INVITATION TO 
BIDDERS. 

 

 
____________________________ ATTEST     ____________________ 
Name of Bidder     (SEAL, if Bidder is a Corporation) 
 
 
By _________________________                Address _________________________ 
 
 
Name_______________________                 ________________________________ 
 
 
Title_________________________                ________________________________ 
 
 
Date________________________                Telephone________________________ 
 
 
 
 
 
 
 
Note: This document constitutes a government record, as defined by § 37.01 of the 

Texas Penal Code.  Submission of a false government record is punishable as 
provided in § 37.10 of the Texas Penal Code. 
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F. MAJOR EQUIPMENT MANUFACTURERS: 
 
Base bid. Only the acceptable manufacturers listed shall be used in determining the 
BASE BID. The Contractor must indicate which manufacturer was used in the 
BASE BID by circling the manufacturers name. 
 
NOTE:  CONTRACTOR MAY ONLY SUBMIT MANUFACTURERS LISTED WITHIN 
SPECIFICATION SECTION 43 21 09 FOR ALTERNATE CONSIDERATION.  
CONTRACTOR IS NOT REQUIRED TO SUBMIT ALL MANUFACTURERS LISTED.   
 

LIST OF ACCEPTABLE BASE BID MANUFACTURERS 
 

EQUIPMENT ITEM MANUFACTURER 

Static Mixer 
Westfall 

 

Horizontal Split Case Centrifugal Pump 

Flowserve 
Patterson 

Fairbanks Nijhuis 
Xylem – AC 
ITT Goulds 

Sulzer 
Ebara 

 

Horizontal Split Case Centrifugal Pump 
Motor 

Baldor 
General Electric 

Marathon 
Rockwell - Reliance 

Siemens 
TECO-Westinghouse 

Toshiba U.S. 
U.S. Electrical Motors 

WEG 
 

Bridge Crane 

Acco 
P & H (Kone) 
Gaffey, Inc. 

Proserv Crane Group 
R&M Materials Handling, Inc. 

 
 

Sodium Hypochlorite Pump 

Prominent - DulcoFlex 
Bredel - APEC Series 

Verder 
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Liquid Ammonium Sulfate Pump 

Prominent - DulcoFlex 
Bredel - APEC Series 

Verder 
 
 

Ground Storage Tank 

DN Tanks, Inc. 
Preload Company 
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EXHIBIT 2 
 

OWNER’S REQUIREMENTS OF INSURANCE 
 

1.01 Commencing on the Effective Date, the Contractor shall, at its own expense, purchase, 
maintain and keep in full force and effect such lines of insurance coverage as will protect 
Contractor, Owner, and the Owner Group from claims which may arise out of or result 
from Contractor’s services or Work, regardless of whether the services or Work are 
performed by Contractor, its Subcontractors, Suppliers, or Sub-subcontractors, or by 
anyone directly or indirectly employed by any of them or by anyone for whose acts any 
of them may be liable (including at a minimum the following minimum insurance 
coverages and limits; provided, however, if other Contract Documents require insurance 
coverage or minimum limits that are greater than those listed below in this Exhibit, the 
minimum limits in the other Contract Documents shall control and shall be provided by 
Contractor).  Contractor’s failure to timely obtain, maintain and/or renew the insurance 
required herein, and to provide Owner with acceptable evidence thereof, shall be 
deemed a material breach of the Contract.  For purposes of this Exhibit (Owner’s 
Requirements of Insurance), the term “Owner Group” means the West Harris County 
Regional Water Authority, the North Fort Bend Water Authority, Engineer and DPOR, 
and each of their respective affiliates, officials, officers, representatives,  directors, board 
members, employees, volunteers, agents, successors and assigns.  

1.02 Contractor represents and warrants it has carefully reviewed its insurance program with 
its legal and risk advisors and has determined its insurance policies comply with the 
insurance requirements in this Agreement, and further acknowledges a continuing 
obligation to ensure its insurance policies remain compliant herewith.  Within 72 hours 
of a written request by Owner, Contractor shall submit in electronic form for independent 
review by Owner’s consultants, true and complete certified copies of Contractor’s policies 
of insurance, and include therewith the certification letter for each policy provided by 
Contractor’s broker, agent, or its applicable insurance carrier representative.    Owner’s 
review of Contractor’s policies of insurance shall in no way excuse Contractor from any of 
the requirements set forth herein.  In the event Owner enters into contract with the 
Contractor before any such deficiencies are resolved,  Owner does not waive, but 
explicitly reserves, the right to bring, after (i) the occurrence of any loss or damage for 
which insurance is required hereunder, or (ii) after the denial of a claim for coverage for 
such loss or damage, an action or Claim against Contractor to recover directly from 
Contractor any damages, including attorneys’ fees and other costs, Owner  incurs as a 
result of Contractor’s failure to secure and maintain the insurance required hereunder.     

1.03 Statutory Worker’s Compensation and Employer’s Liability Insurance with minimum limits 
of not less than indicated below.  This insurance is to cover liability arising out the 
Contractor’s employment of workers and anyone for whom the Contractor may be liable 
for workers’ compensation claims.  Worker’s compensation insurance is required and no 
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“alternative” form of insurance is permitted.  The policy must be in the name of the 
Contractor and contain an endorsement naming Owner as the Alternate Employer.  

1. By execution of the Agreement, Contractor thereby certifies, pursuant to Tex. Lab. 
Code, §406.096(a), that Contractor provides workers’ compensation and 
employers’ liability insurance for all employees employed on this public project 
with limits of not less than those required below. 

2. As per Tex. Lab. Code §406.096(b), Contractor shall require each Subcontractor to 
certify in writing to the Contractor that said Subcontractor provides workers’ 
compensation and employers’ liability insurance for all of Subcontractor’s 
employees employed on this public project.  Contractor shall forward said 
certifications to Owner within ten (10) days of the Effective Date of the 
Agreement. 

3. The policy must include an Other States Endorsement to include the State of Texas 
if Contractor’s business is domiciled outside the State of Texas. 

4. The state in which the Work is to be performed must be listed under Item 3.A. on 
the Information Page of the policy. 

5. Employees leased through a Professional Employment Organization (“PEO”) are 
not permitted. 

6. United States Longshore and Harbor Workers (“USL&H”) insurance coverage must 
be provided listing Texas as a state in which Work is to be performed. 

7. Pursuant to Section 1.12 below, Contractor agrees to waive its rights of recovery 
and shall cause this insurance to be endorsed to waive all rights of subrogation in 
favor of Owner Group on form WC 42 03 04. 

Required Minimum Limits of Coverage – Statutory limits, with Employer’s Liability 
Coverage as follows: 

Bodily Injury by Accident $1,000,000.00 

Bodily Injury by Disease Each Employee $1,000,000.00 

Bodily Injury by Disease Policy Limit $1,000,000.00 
 

1.04 Commercial General Liability (“CGL”) Insurance with minimum limits of coverage not less 
than those indicated below, written on the most current commercially available edition 
of the ISO CG 00 01 coverage form.  Pursuant to Section 1.11, below, this insurance shall 
be endorsed to provide primary and noncontributing liability coverage by ISO CG 20 01 
04 13.  Such policy shall contain no exclusions, limitations, endorsements or policy forms 
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unacceptable to the Owner, including but not limited to the following coverage exclusions 
and limitations:  

1. Liability assumed by Contractor under a written agreement, including any 
contractual liability limitation endorsement restricting coverage to only liability 
that would exist in the absence of a contract, such as the ISO CG 21 39 or its 
equivalent, or any amendment of insured contract definition endorsement such 
as the ISO CG 24 26 or its equivalent; 

2. Explosion, collapse, underground property damage, blasting, blowouts, cratering, 
or the like, including any Explosion, Collapse And Underground Property Damage 
Hazard endorsement such as the ISO CG 21 42 or ISO CG 21 43 endorsements, or 
their equivalent; 

3. Any exclusion relating to damage to work performed by Subcontractors on behalf 
of Contractor such as the ISO CG 22 94 or ISO CG 22 95, or their equivalent; 

4. Any type of endorsement excluding coverage for construction defects in the 
completed operations phase;  

5. Any type of endorsement modifying the employer’s liability exclusion; 

6. Any type of punitive, exemplary or multiplied damages exclusion;  

7. Any type of subsidence exclusion if the Contractor is engaged in any type of earth 
movement work, including but not limited to soil compaction, fill, tunneling, 
excavation, backfill, or installation of water distribution pipelines and facilities, 
storm or sewer drains; or 

The CGL policy shall at a minimum include the following coverages: 

1. Bodily injury and Property damage on an “Occurrence” basis  
 

2. Premises & Operations Liability 
 
3. Contractor agrees to maintain Products-Completed Operations coverage with 

respect to the Work performed under the Agreement in coverage, form and 
amount, including required endorsements, strictly compliant with the terms and 
conditions set forth herein for the later of ten years after Substantial Completion 
or until expiration of the statute of repose.  Contractor shall provide a written 
representation to Owner stating the date of Substantial Completion. 

 
4. Personal and Advertising Injury Liability, with contractual liability exclusion 

removed from this coverage part. 
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5. Electronic Data Liability coverage under an endorsement equal to ISO CG 04 37 
with a minimum sublimit of liability equal to the minimum amount required 
hereunder for the CGL policy.   

6. The policy shall include ISO endorsement CG 2503, Designated Construction 
Projects General Aggregate Limit, or its equivalent. 

7. Pursuant to Section 1.12 below, Contractor agrees to waive its rights of recovery 
and shall cause this insurance to be endorsed to waive all rights of subrogation in 
favor of the Owner Group. 

8. To the fullest extent of coverage allowed under Chapter 151 of the Texas 
Insurance Code, the Owner Group shall be included as additional insureds using a 
combination of ISO Additional Insured Endorsements CG 20 10 10 01 and CG 20 
37 10 01, or endorsements providing equivalent coverage, including products-
completed operations. Contractor shall name Owner Group as additional insureds 
in its CGL policies for the later of ten years after Substantial Completion or until 
expiration of the statute of repose. 

 Minimum CGL limits of coverage required: 

Each Occurrence:  $2,000,000.00 General Aggregate:   $4,000,000.00 

Products & Completed Operations Aggregate $4,000,000.00 

Personal and Advertising Injury $2,000,000.00  

If the limits of coverage required above are below the actual limits of coverage in 
Contractor’s primary commercial liability insurance policy, the above required limits of 
coverage shall be deemed to be automatically increased to the amount of such higher 
actual limits to avoid a gap in coverage that would preclude coverage under the 
excess/umbrella policy for failure of the underlying policy to exhaust its policy limits. 

1.05 Business Automobile Insurance with the minimum limits of coverage not less than shown 
below to cover damages because of bodily injury or property damages caused by an 
accident and resulting from the ownership, maintenance or use of: (i) any auto, including 
owned, hired and non-owned autos; and (ii) any mobile equipment subject to compulsory 
insurance or financial responsibility laws or other motor vehicle insurance laws.  
Additional Insured status shall be provided in favor of Owner Group on ISO form CA 20 48 
10 13.  Pursuant to Section 1.12 below, Contractor agrees to waive its rights of recovery 
and shall cause this insurance to be endorsed to waive all rights of subrogation in favor of 
the Owner Group. 

Combined Single Limit Bodily Injury & Property Damage $1,000,000.00 
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1.06 Excess Liability Insurance over Employers’ Liability, CGL, and Commercial Automobile 
Liability Policies, with the minimum limits of coverage not less than shown below and with 
coverage that is primary and non-contributory to any other insurance (primary, umbrella, 
contingent or excess) maintained by the Owner Group, following form over and affording 
coverage no less broad than the coverage in such underlying policies, including but not 
limited to: (i) additional insured status for the Owner Group; (ii) designated construction 
project(s) general aggregate limit; (iii) waiver of subrogation; and (iv) notice of 
cancellation.  Such policy shall contain no exclusions or limitations which are herein 
prohibited for any underlying policy.  The policy limits required herein may be provided 
by a combination of primary and excess policies, but in no event shall the total limits of 
liability available for any one occurrence or accident be less than the amount required 
herein.  Such coverage shall have the same inception date as the commercial general 
liability and employer’s liability coverages.  Drop-down coverage shall be provided for 
reduction and/or exhaustion of underlying aggregate limits. 

Excess Liability Insurance (Per Claim and in the Aggregate) $50,000,000.00 

1.07 Contractor’s Pollution Liability Insurance, having the minimum limits of coverage not less 
than shown below, providing occurrence based coverage for all claims, liabilities, 
damages, costs, fees, and expenses of any kind or character, including but not limited to 
claims for bodily injury or death, property damage, environmental or natural resource 
damage, and any civil fines, fees, civil assessments or civil penalties or punitive, exemplary 
or multiplied damages assessed by any governmental department, agency, commission 
or court, arising out of any Pollution Condition(s) (as defined below) that is in any way 
related to Contractor’s, a Subcontractor’s or a Sub-subcontractor’s operations, actions or 
inactions, or completed operations associated with any Work performed by Contractor, a 
Subcontractor or a Sub-subcontractor.  If coverage is written on a Claims Made & 
Reported Policy form, the policy retroactive date for prior acts coverage shall be no later 
than the Contract Effective Date. The pollution liability policy shall be continuously 
maintained for a period of 10 years after completion of the project or termination of the 
agreement, whichever occurs later; the Contractor’s purchase of an extended discovery 
period or an extended reporting period will not be sufficient to comply with Contractor’s 
obligations hereunder.  Such insurance shall name the Owner Group as Additional 
Insureds.  Pursuant to Section 1.12 below, Contractor agrees to waive its rights of 
recovery and shall cause this insurance to be endorsed to waive all rights of subrogation 
in favor of the Owner Group.      

 The Contractor’s Pollution Liability policy shall also include coverage for:  

1. the full scope of the Contractor’s operations (on-going and completed), as described 
in the Agreement; 

2. third party liability for bodily injury, property damage, clean up expenses, and defense 
costs arising from the Contractor’s operations; 
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 The Pollution Liability insurance policy shall not include any type of exclusion or limitation 
of coverage applicable to claims arising from punitive, exemplary or multiplied damages. 

Pollution Liability Insurance      $10,000,000.00 Occurrence/$10,000,000.00 Aggregate  

  
1.08 Professional Liability Insurance with the minimum limits of coverage not less than shown 

below shall be provided by Contractor to cover the professional liability arising out of or 
in connection with any negligent act, error or omission of Contractor , a Subcontractor, 
or a Sub-subcontractor, including all design professionals and any non-professional 
personnel, and all members of any subconsultant firm or any joint venture or other firm 
of the Contractor acting for, in combination with, on behalf of, or under the direction or 
control of the Contractor in the performance of any Services required under this 
Agreement, or arising from or in connection with the coordination, management or 
oversight of any Subcontractor or Sub-subcontractor.  This policy shall not include any 
type of exclusion or limitation of coverage applicable to claims arising from: (i) bodily 
injury or property damage where coverage is provided on behalf of design professionals 
or subcontractors; (ii) habitational or residential operations; (iii) pollution, mold and/or 
microbial matter and/or fungus and/or biological substance; (iv) punitive, exemplary or 
multiplied damages; (v) contractual liability caused by, related to, or arising from a 
negligent act, error or omission of Contractor, a Subcontractor, or a Sub-subcontractor 
(or any limitation or exclusion that restricts coverage to only liability that would exist in 
the absence of contract); or (vi) design/build services.  Pursuant to Section 1.12 below, 
Contractor agrees to waive its rights of recovery and shall cause this insurance to be 
endorsed to waive all rights of subrogation in favor of the Owner Group.     

Professional Liability Insurance  $5,000,000.00 Occurrence/$5,000,000.00 Aggregate 

1.09 RESERVED. 

1.10 “All-risk” Builder’s Risk insurance with the minimum limits of coverage not less than those 
indicated below shall at all times be maintained by Contractor prior to acceptance of the 
Work by Owner.  Limits of coverage shall be the initial contract sum as increased by the 
amount of subsequent modifications of the contract sum.  Coverage shall be provided in 
an amount equal at all times to the full replacement value and cost of debris removal for 
any single occurrence.  Such insurance shall include coverage for theft, collapse, flood, 
windstorm and earthquake.  Any exclusions to the coverage form must be pre-approved 
by Owner.  No protective safeguard warranty is permitted.  This policy is to be written on 
a completed value, non-reporting form basis and shall be primary to any other insurance 
coverage available to the named insureds, with the other insurance of the named 
insureds being excess, secondary and noncontributing.  The policy shall include as Named 
Insureds the Owner Group, Contractor, all Subcontractors of any tier, and all loss payees 
and mortgagees. The termination of coverage provision shall be endorsed to permit 
occupancy of the covered property being constructed.  This insurance shall be maintained 
in effect, unless otherwise provided for in the Contract Documents, until the earliest of 
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the following dates: (i) the date on which all persons and organizations who are insureds 
under the policy agree that it shall be terminated; (ii) the date of final payment, as 
provided for in the Contract Documents; or (iii) the date on which the insurable interests 
in the covered property of all insureds other than Contractor have ceased.  This insurance 
shall be endorsed to provide a 30 day notice of cancellation to Owner.  Pursuant to Section 
1.12 below, Contractor agrees to waive its rights of recovery and shall cause this insurance 
to be endorsed to waive all rights of subrogation in favor of the Owner Group.  Such 
insurance shall cover at a minimum the following: 

 
1. All structure(s) under construction, including retaining walls, paved surfaces and 

roadways, bridges, glass, foundation(s), footings, underground pipes and wiring, 
excavations, grading, backfilling or filling; 

 
2. All temporary structures (e.g., fencing, scaffolding, cribbing, false work, forms, site 

lighting, temporary utilities and buildings) located at the site; 
 

3. All property including materials and supplies on site for installation; 
 

4. All property including materials and supplies at other locations but intended for 
use at the site; 

 
5. All property including materials and supplies in transit to the site for installation 

by all means of transportation other than ocean transit; and 
 

6. Other property for which an insured is liable in connection with the Project, 
including Owner furnished or assigned property. 

 
Deductibles shall not exceed:   
 
1. All Risks of Direct Damage - Per Occurrence    $100,000 

    
2. Earthquake and Earthquake Sprinkler Leakage - Per Occurrence $100,000 
 
3.  Windstorm, Named Storm or Flood - Per Occurrence  $100,000 

 
Coverage for each of the following shall be included in the policy with the below minimum 
sublimits: 
 

Coverage Minimum 
Sublimit 

1. Agreed Value Included without 
sublimit 
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2. Damage arising from error, omission or deficiency 

in construction methods, design, specifications, 

workmanship or materials, including collapse and 

ensuing loss 

Included without 
sublimit 

3. Debris removal additional limit Included without 
sublimit 

4. Earthquake and Earthquake Sprinkler Leakage $1,000,000 

5. Flood                                                            $5,000,000 

6. Freezing                                                       Included without 
sublimit 

7. Mechanical breakdown including hot 

(introduction of feed stock, catalyst or similar 

media for processing & handling or 

commencement of supply to a system) and cold 

(hydrostatic, pneumatic, electrical, hydraulic or 

mechanical)testing (where applicable) testing, 

where applicable 

Included without 
sublimit 

8. Ordinance or law                                       Included without 
sublimit 

9. Pollutant clean-up and removal             $1,000,000 

10. Preservation of property                         Included without 
sublimit 

 

1.11 Each of Contractor’s liability insurance policies (excluding only Contractor’s workers’ 
compensation/employers’ liability and professional liability policies), shall be endorsed to 
provide that they are primary to and non-contributing with, any other insurance carried 
by, or for the benefit of the Owner Group.   

1.12 The parties intend that none of Contractor’s insurers shall subrogate against Owner 
Group.  Accordingly, Contractor agrees to cause all of its insurers, including those insurers 
underwriting policies not required by this Exhibit, to waive subrogation rights against 
Owner Group.  For the avoidance of doubt, Contractor also agrees that it presently waives 
and releases, as against the Owner Group, all rights of recovery, claims, or causes of action 
that might hereafter arise in favor of Contractor for any loss, damage or liability covered 
by Contractor’s insurance, regardless of whether the loss, damage or liability is caused by 
the negligence, breach of any legal duty, or other fault of Owner or Owner Group.  The 
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foregoing release is effective even if Contractor fails to obtain the insurance required 
hereunder. 

1.13 RESERVED. 

1.14 All policies shall obligate the insurer to notify the Owner of any cancellation or material 
changes, in writing, at least 30 days prior to any such cancellation or change.  All polices 
shall require at least ten (10) days’ notice of cancellation to Owner in the event of non-
payment of premiums by Contractor.  Contractor shall provide Owner with written notice 
of any non-renewal within two (2) business days of Contractor’s receipt of a non-renewal 
notice.  Contractor shall not cause or permit its insurance to be canceled, reduced, 
restricted, limited, or invalidated. 

1.15 Except as otherwise approved by Owner, all Contractor’s insurance shall be issued by 
insurance carriers authorized to do business in Texas at the time the policy is issued (and 
at all times during the term of this Agreement) and rated by A.M. Best Company as A-VII 
or better. 

1.16 With respect to any coverage maintained on a “claims-made” policy form, Contractor 
shall maintain such coverage for a minimum of ten (10) years after completion of the 
project or termination of the agreement, whichever occurs later.  Coverage under any 
such policy form shall include a retroactive date based on the effective date of contract 
for the first performance of services for the Project.  The Contractor’s purchase of an 
extended discovery period or an extended reporting period on a “claims-made” policy will 
not be sufficient to comply with Contractor’s obligations hereunder. 

1.17 Contractor shall not commence Services or Work under this Contract until Contractor has 
obtained all required insurance and until such insurance has been accepted by Owner’s 
Approval.  Owner’s approval of Contractor’s insurance shall not relieve or decrease the 
liability of Contractor hereunder. Owner shall have no duty to pay or perform under this 
Agreement until all certificates of insurance and required insurance policies have been 
confirmed by Owner’s advisors to comply with the requirements set forth herein.  
Contractor’s failure to fulfill these insurance requirements shall not be a basis for any 
adjustment to Contractor’s compensation or schedule.  Owner reserves the right to 
terminate this Agreement for convenience without any expense or liability in the event 
Contractor fails to secure all insurance required herein within ten (10) days of 
Contractor’s execution of the Agreement. 

1.18 RESERVED. 

1.19 Nothing herein shall reduce or alter any obligation of Contractor to indemnify, defend or 
hold harmless the Indemnified Parties identified in the Contract.  Contractor’s obligations 
for loss or damage arising out of Contractor’s Services and Work or operations are not 
limited to the types or amounts of insurance set forth herein.  Losses not covered by the 
insurance required hereunder shall be paid by Contractor.   
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1.20 To the extent Applicable Law allows recovery of attorneys’ fees in any action or 
proceeding commenced to enforce the rights of any member of Owner Group as an 
additional insured under this Contract, Contractor agrees to pay Owner as the prevailing 
party in any such action, in addition to any other relief granted, the actual reasonable 
attorney fees the Owner has paid or is obligated to pay, and all costs and expenses to 
enforce such rights, not merely recoverable costs.  This provision is independent and 
severable from any other provision of this Contract and shall be enforceable as a separate 
agreement. 

1.21 Owner shall not be under any duty to advise Contractor in the event that Contractor’s 
insurance is not in compliance with the Contract.  Contractor shall require all 
Subcontractors (including haulers) and Sub-subcontractors to carry the types and 
minimum limits of insurance coverage set forth below: 

 
a. Commercial General Liability with minimum limits of $1,000,000 for each 

Occurrence, $2,000,000 General Aggregate, and $2,000,000 Products & 
Completed Operations Aggregate; 

 
b. Workers compensation – Statutory limits; 
 
c. Employers liability - Bodily Injury by Accident $1,000,000.00, Bodily Injury by 

Disease Each Employee $1,000,000.00, and Bodily Injury by Disease Policy Limit 
$1,000,000.00;  

 
d. Auto Liability including all owned, non-owned and hired autos - Combined Single 

Limit for Bodily Injury & Property Damage $1,000,000.00; 
 
e. Umbrella Liability limits of $5,000,000; 
 
f. If providing professional services, Professional Liability policy of $5,000,000 per 

claim/$5,000,000 Aggregate. 
 

Excepting only Workers’ Compensation and Professional Liability insurance policies, 
Contractor shall cause all Subcontractors and Sub-subcontractors to include the Owner 
Group as additional insureds under each policy of insurance maintained by 
Subcontractors and Sub-subcontractors.  Contractor will require evidence of this 
insurance and additional insured status to be provided by all Subcontractors and Sub-
subcontractors prior to their commencement of any work or services, or entering onto 
any Site in connection with the Project, and copies of this evidence shall be provided to 
Owner by the Contractor. 

1.22 Contractor is responsible for all deductibles and any self-insured retentions under all lines 
of insurance coverage required by this Agreement. 
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1.23 The stated policy limits of each line of insurance coverage required herein are minimum 
only and it shall be the Contractor's responsibility to determine what policy limits in 
excess of such minimum limits are adequate. 

1.24 Contractor shall provide Owner with thirty (30) days written notice of the erosion of any 
aggregate limits which would cause such aggregate limits to be less than fifty percent 
(50%) of the minimum aggregate limits required by the Agreement. 

1.25 Owner reserves the right to review the insurance requirements and to require deletion, 
revision, and/or modification of particular policy terms, conditions, limitations, or 
exclusions (except where policy provisions are established by law or regulations that are 
binding upon Owner, Contractor, or the underwriter) on any such policies when deemed 
necessary and prudent by Owner based upon changes in statutory law, court decisions, 
or the claims history of the industry and/or of Contractor, provided however, such 
modifications must be commercially available to Contractor.  Owner shall make an 
equitable adjustment to the Contract Sum for any additional cost resulting therefrom. 

 
1.26 RESERVED.  
 
1.27 Release and Waiver.  The Contractor hereby waives all rights of recovery and releases, 

and shall cause its subconsultants and subcontractors to release, the Owner Group from 
any and all claims or causes of action whatsoever which the Contractor and/or its 
subconsultants or subcontractors might otherwise now or hereafter possess resulting in 
or from or in any way connected with any loss covered by insurance, whether required 
herein or not, or which should have been covered by insurance required herein, including 
the deductible and/or uninsured portion thereof, maintained and/or required to be 
maintained by the Contractor and/or its subconsultants or subcontractors pursuant to 
the Agreement.  TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, THE 
FOREGOING RELEASE AND WAIVER SHALL APPLY EVEN IF THE LOSS OR DAMAGE IS 
CAUSED IN WHOLE OR IN PART BY THE FAULT OR NEGLIGENCE OR STRICT LIABILITY OF 
THE OWNER GROUP. 
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Revised 11/30/2015Form provided by Texas Ethics Commission www.ethics.state.tx.us

FORM CIS

Name of Local Government Officer

This questionnaire reflects changes made to the law by H.B. 23, 84th Leg., Regular Session.

This is the notice to the appropriate local governmental entity that the following local
government officer has become aware of facts that require the officer to file this statement
in accordance with Chapter 176, Local Government Code.

LOCAL GOVERNMENT OFFICER
CONFLICTS DISCLOSURE STATEMENT
 (Instructions for completing and filing this form are provided on the next page.)

Office Held

Name of vendor described by Sections 176.001(7) and 176.003(a), Local Government Code

Description of the nature and extent of each employment or other business relationship and each family relationship
with vendor named in item 3.

Title of officer administering oathPrinted name of officer administering oathSignature of officer administering oath

AFFIX NOTARY STAMP / SEAL ABOVE

Sworn to and subscribed before me, by the said _______________________________________________,  this  the ______________  day

 of ________________, 20 _______ , to certify which, witness my hand and seal of office.

AFFIDAVIT
I swear under penalty of perjury that the above statement is true and correct. I acknowledge

that the disclosure applies to each family member (as defined by Section 176.001(2), Local

Government Code) of this local government officer.  I also acknowledge that this statement

covers the 12-month period described by Section 176.003(a)(2)(B), Local Government Code.

Signature of Local Government Officer

Date Gift Accepted ____________   Description of Gift _________________________________________________

(attach additional forms as necessary)

List gifts accepted by the local government officer and any family member, if aggregate value of the gifts accepted
from vendor named in item 3 exceeds $100 during the 12-month period described by Section 176.003(a)(2)(B).

Date Gift Accepted ____________   Description of Gift _________________________________________________

 4

 5

 2

 3

 1

 6

OFFICE USE ONLOFFICE USE ONLOFFICE USE ONLOFFICE USE ONLOFFICE USE ONLYYYYY

Date Received

Date Gift Accepted ____________   Description of Gift _________________________________________________



Revised 11/30/2015Form provided by Texas Ethics Commission www.ethics.state.tx.us

LOCAL  GOVERNMENT  OFFICER  CONFLICTS  DISCLOSURE  STATEMENT

Section 176.003 of the Local Government Code requires certain local government officers to file this form.  A "local
government officer" is defined as a member of the governing body of a local governmental entity; a director, superintendent,
administrator, president, or other person designated as the executive officer of a local governmental entity; or an agent of
a local governmental entity who exercises discretion in the planning, recommending, selecting, or contracting of a vendor.
This form is required to be filed with the records administrator of the local governmental entity not later than 5 p.m. on the
seventh business day after the date on which the officer becomes aware of the facts that require the filing of this statement.

A local government officer commits an offense if the officer knowingly violates Section 176.003, Local Government Code.
An offense under this section is a misdemeanor.

Refer to chapter 176 of the Local Government Code for detailed information regarding the requirement to file this form.

INSTRUCTIONS FOR COMPLETING THIS FORM

The following numbers correspond to the numbered boxes on the other side.

1.  Name of Local Government Officer.   Enter the name of the local government officer filing this statement.

2.  Office Held.  Enter the name of the office held by the local government officer filing this statement.

3. Name of vendor described by Sections 176.001(7) and 176.003(a), Local Government Code.  Enter the name of
the vendor described by Section 176.001(7), Local Government Code, if the vendor: a) has an employment or other
business relationship with the local government officer or a family member of the officer as described by Section
176.003(a)(2)(A), Local Government Code; b) has given to the local government officer or a family member of the officer
one or more gifts as described by Section 176.003(a)(2)(B), Local Government Code; or c) has a family relationship with
the local government officer as defined by Section 176.001(2-a), Local Government Code.

4. Description of the nature and extent of each employment or other business relationship and each family
relationship with vendor named in item 3.  Describe the nature and extent of the employment or other business
relationship the vendor has with the local government officer or a family member  of the officer as described by Section
176.003(a)(2)(A), Local Government Code, and each family relationship the vendor has with the local government officer
as defined by Section 176.001(2-a), Local Government Code.

5. List gifts accepted, if the aggregate value of the gifts accepted from vendor named in item 3 exceeds $100.
List gifts accepted during the 12-month period (described by Section 176.003(a)(2)(B), Local Government Code) by the
local government officer or family member of the officer from the vendor named in item 3 that in the aggregate exceed $100
in value.

6. Affidavit.  Signature of local government officer.

Local Government Code § 176.001(2-a):  “Family relationship” means a relationship between a person and another
person within the third degree by consanguinity or the second degree by affinity, as those terms are defined by Subchapter
B, Chapter 573, Government Code.

Local Government Code § 176.003(a)(2)(A):
(a)  A local government officer shall file a conflicts disclosure statement with respect to a vendor if:

***
(2)  the vendor:

(A) has an employment or other business relationship with the local government officer or a
family member of the officer that results in the officer or family member receiving taxable income,
other than investment income, that exceeds $2,500 during the 12-month period preceding the
date that the officer becomes aware that:

(i)  a contract between the local governmental entity and vendor has been executed; or
(ii)  the local governmental entity is considering entering into a contract with the vendor.
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EXHIBIT 4 
 

RESOLUTION IN SUPPORT OF CONSTRUCTION AGREEMENT 
 
 
RESOLVED, that ____________ is authorized, empowered, and directed, as the authorized 
representative of _________________________, to take all actions and to execute, deliver, and 
perform for or on behalf of  _________________________, all instruments, documents, 
agreements, certificates, or writings, and any amendments thereof, as such authorized 
representative deems advisable in connection with the formation of that one Agreement With 
_________________________, dated _____________ (“the Contract”), by and between the West 
Harris County Regional Water Authority (“Owner”) and _________________________ 
 
FURTHER RESOLVED, that the president and each vice president of _________________________ 
is authorized, empowered, and directed, as an authorized representative of the 
_________________________ to take all actions and to execute, deliver, perform and consummate 
for or on behalf of _________________________ the transactions contemplated by these 
resolutions and all instruments, documents, agreements, certificates, or writings, and any 
amendments thereof, as such authorized representative deems advisable in connection with the 
Contract. 
 
FURTHER RESOLVED, that each officer of _________________________ is authorized, directed, and 
empowered to deliver to Owner the Parent Guaranty duly executed by 
_________________________, as required by the Contract in the form attached thereto as Exhibit 
__. 
 
FURTHER RESOLVED, that all actions by or on behalf of the officers, employees, members, agents or 
other representatives of  _________________________ taken and performed up to the date hereof 
with respect to the formation of, and the preparation, execution, and delivery of the Contract, and 
all other actions taken directly or indirectly in connection with the transactions contemplated by the 
Contract, and any other related transactions or occurrences be, and they hereby are, approved, 
ratified and confirmed in all respects. 
 
FURTHER RESOLVED, that the Assistant Secretary of _________________________ is authorized, 
empowered, and directed and shall certify and attest to and deliver to Owner, the attached 
Certificate of Formation, Certificate of Fact, Certificate of Filing, and Certificate of Good Standing as 
being true and correct copies of such documents as are currently on file with the Texas Secretary of 
State and the Texas Comptroller, as applicable, to consummate the transactions contemplated 
pursuant to these Resolutions. 
 
_________________________   _________________________ 
 
 
             
 
Name:                                                     Name:                                                                                                   
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Title:        Title:       
 
 
 
 
 
_________________________    
 
 
        
 
Name:                               
 
Title:         
 
 
ATTACH SECRETARIAL CERTIFICATE WITH COPIES OF PUBLICLY FILED DOCUMENTS 
DESCRIBED IN LAST PARAGRAPH ABOVE 
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EXHIBIT 5 
 

CONFIDENTIALITY AGREEMENT 
 
 

This Confidentiality Agreement (“Agreement”) is made by and between the West Harris County 
Regional Water Authority (“Owner”) and _________________________ (“Contractor”), in 
connection with the contract for construction dated __________________, pursuant to which 
Contractor is to provide construction services and Work for Owner’s benefit in connection with 
the    Central Pump Station    Project (the “Project”) located in   Katy   , Texas. 
 
Capitalized term used in this Agreement shall have the meaning assigned to such terms in the 
Contract, unless expressly provided otherwise herein. 
 
Contractor, in consideration of the sum of TEN and NO/100 Dollars ($10.00) and other good and 
valuable consideration, the receipt and sufficiency of which is hereby acknowledged, hereby 
assumes with respect to Confidential Information, the following duties and responsibilities: 

 
1. Disclosure of Confidential Information.  Owner will allow access to or may 

disclose the Confidential Information to Contractor, either orally, in writing, or through data 
transfer.   

 
2. Protection of Confidential Information.  Contractor agrees to take all steps 

reasonably necessary to hold in confidence the Confidential Information.  Contractor shall bind 
its affiliates, employees, agents, consultants, contractors and other representatives to this 
Agreement before sharing Confidential Information with them, and to only provide them access 
to the Confidential Information to the extent reasonably necessary in the planning for or 
performance of project services for Owner.  Contractor agrees to use the Confidential 
Information solely to plan for the performance of and, if contracted to do so, to perform, 
construction services and Work for the Project.  Contractor’ obligations with respect to the 
Confidential Information also extend to any third party’s proprietary or confidential information 
disclosed to Contractor in the course of providing service to Owner.  Contractor’ obligations 
hereunder shall survive the termination of the Contract and this Agreement.  This confidentiality 
obligation will not apply to the extent that Contractor can demonstrate that: 

 
(a) the Confidential Information of Owner is, at the time of disclosure, part of 

the public domain; 
 
(b) the Confidential Information of Owner became part of the public domain, 

by publication or otherwise, except by breach of the provisions of this Agreement; 
 
(c) the Confidential Information of Owner can be established by written 

evidence to have been in the possession of Contractor at the time of disclosure; 
 



 

 
Exhibit 5 – Confidentiality Agreement  Page 2 of 4 
Construction Contract (Central Pump Station) 

(d) the Confidential Information of Owner is received by Contractor from a 
third party without similar restrictions and without breach of this Agreement; 

 
(e) the Confidential Information of Owner was developed by employees or 

agents of Contractor independently of Contractor’ planning for the performance of, or 
performance of construction services or Work and without reference to any Confidential 
Information of Owner (Contractor shall bear the burden of proving such independent 
development); or 

 
(f) the Confidential Information of Owner is required to be disclosed by 

Contractor because of an order or ruling of a court or other government agency; provided, 
however, that Contractor will use its best efforts to minimize the disclosure of such 
information and will consult with and assist Owner in obtaining a protective order prior 
to such disclosure. 
 
3. Materials.  All materials, including, without limitation, documents, drawings, 

models, apparatus, sketches, designs, and lists furnished to or prepared for Owner by Contractor 
based upon Owner’s Confidential Information and any tangible embodiments of Owner’s 
Confidential Information created by Contractor shall remain the property of Owner.  Contractor 
shall return to Owner or destroy such materials and all copies thereof upon the written request 
of Owner. 

 
4. No License.  This Agreement does not grant Contractor any license to use Owner’s 

Confidential Information. 
 
5. Successors and Assigns.  Contractor may not assign its rights or obligations arising 

under this Agreement without Owner’s prior written consent.  Owner may assign its rights and 
obligations arising under this Agreement.  This Agreement will be for the benefit of Owner’s 
successors and assigns, and will be binding on Contractor’ affiliates, employees, agents, legal 
representatives and permitted assignees.  

 
6. General Provisions. 
 

(a)  This Agreement shall be governed by and construed in accordance with 
the laws of the United States and of the State of Texas. 

 
(b) Notwithstanding Section 7(a) and notwithstanding any other dispute 

resolution provision in any agreement pertaining to the performance of Services, Owner 
shall have the right to obtain preliminary relief on any equitable claim in any court of 
competent jurisdiction, where such judgment is necessary to preserve its property and/or 
proprietary rights under this Agreement. 

 
(c) Any notice provided for or permitted under this Agreement will be treated 

as having been given when (a) delivered personally, (b) sent by confirmed telecopy, (c) 
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sent by commercial overnight courier with written verification of receipt, or (d) mailed 
postage prepaid by certified or registered mail, return receipt requested, to the party to 
be notified, at the address set forth below, or at such other place of which the other party 
has been notified in accordance with the provisions of this section.  Such notice will be 
treated as having been received upon the earlier of actual receipt or five days after 
posting. 

 
(d) Contractor agrees that the breach of the provisions of this Agreement by 

Contractor will cause Owner irreparable damage for which recovery of money damages 
would be inadequate.  Owner will, therefore, be entitled to obtain timely injunctive relief 
to protect Owner’s rights under this Agreement in addition to any and all remedies 
available at law. 

 
(e) This Agreement may be amended or supplemented only by a writing that 

is signed by duly authorized representatives of both parties. 
 
(f) No term or provision hereof will be considered waived by either party, and 

no breach excused by either party, unless such waiver or consent is in writing signed on 
behalf of the party against whom the waiver is asserted.  No consent by either party to, 
or waiver of, a breach by either party, whether express or implied, will constitute consent 
to, waiver of, or excuse of any other, different, or subsequent breach by either party. 

 
(g) If any part of this Agreement is found invalid or unenforceable, that part 

will be amended to achieve as nearly as possible the same economic effect as the original 
provision and the remainder of this Agreement will remain in full force. 

 
(h) Nothing contained in this Agreement or in any discussions undertaken or 

disclosures made pursuant hereto shall (a) be deemed a commitment to engage in any 
business relationship, contract or future dealing with the other party, or (b) limit either 
party’s right to conduct similar discussions or perform similar work to that undertaken 
pursuant hereto, so long as said discussions or work do not violate this Agreement.  

 
(i) This Agreement constitutes the entire agreement between the parties 

relating to this subject matter and supersedes all prior or simultaneous representations, 
discussions, negotiations, and agreements, whether written or oral. 
 
IN WITNESS WHEREOF, the Contractor has executed this agreement as of the Effective 
Date this ___ day of _______________, 20__. 
 
 
 

CONTRACTOR: 
 
_________________________ 
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By:              
 
Printed Name:         
 
Title:         
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EXHIBIT 6 

NOT USED 

 

[TO BE DETERMINED]  
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EXHIBIT 7 
 

ACKNOWLEDGEMENT OF DATA USE PROTOCOLS FORM 
 
STATE OF TEXAS § AGREEMENT 
   
 § USE OF DIGITAL DATA 
   
COUNTY OF __________ § (Contract No. ____________) 

 
This Acknowledgement of Data Use Protocols is given this ______ day of __________________20__, by 

_________________________________ (“Data Recipient”), whose principal headquarters are located at 
_________________________, to induce Owner to cause Engineer to release certain data and electronic files to 
Data Recipient, as hereinafter provided. 
 

I. Definitions 
 
“Digital Data” means the information, communications, drawings, building information models, or designs, or other 
data related to the Project or created or stored for the Project in digital form, including all such Digital Data as are 
listed on the attached Data Recipient’s Request for Access to Electronic Files and Other Digital Data (“Request for 
Access”), and any future Request for Access that Data Recipient may submit from time to time in connection with 
the Project. 
 
“Project” means all aspects of the ____________ Project. 
 
“Project Team” means the Owner, Program Manager, Engineer, Contractor, Subcontractors, Sub-subcontractors, 
and Suppliers, and any Separate Contractors or other consultants employed by Owner for the purpose of 
programming, designing, and constructing the Project.  The constitution of the Project Team may vary at different 
phases of the Project.  The Project Team will be designated by Owner and may be modified from time to time by 
Owner, in its sole discretion. 
 
 

II. Acknowledgement of Limited Rights to Use of Digital Data 
 
In consideration of, and in exchange for, access to Digital Data, Data Recipient hereby acknowledges, agrees, 
warrants and represents to Owner and Engineer, the following: 
 

1. Data Recipient is aware of and hereby assumes the contractual obligations and duties of the Project Team 
to maintain security of the Digital Data released hereunder. 

 
2. Data Recipient accepts that Owner retains all rights in the Digital Data and no assignment or transfer of any 

right of ownership in the Digital Data is intended or to be inferred by acceptance of this Acknowledgment, 
or the release of Digital Data to the Data Recipient, for any purpose.  Owner grants to the Data Recipient 
only a temporary, non-exclusive, limited license to use the Digital Data solely and exclusively for the purpose 
of, and only to the extent necessary to perform, its contractual obligations related to the Project in 
accordance with the Data Recipient’s obligations assumed hereunder. 

 
3. Data Recipient further acknowledges the Digital Data may become inadvertently altered without detection 

by the process of electronic transfer, and that no representation concerning the accuracy, completeness, 
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or suitability of Digital Data, or the medium in or on which it is furnished, is made to or to be inferred by 
acceptance of this Acknowledgment, or the release of Digital Data to the Data Recipient, for any purpose. 

 
4. Data Recipient shall only be entitled to have access to or receive transmission of the Digital Data that Data 

Recipient has listed on a Request for Access form (included herein as Attachment A) delivered to Owner. 
 

5. TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, DATA RECIPIENT SHALL FULLY DEFEND, 
INDEMNIFY AND SAVE HARMLESS ALL OTHER MEMBERS OF THE PROJECT TEAM, INCLUDING THEIR 
DIRECTORS, BOARD MEMBERS, MANAGERS, OFFICERS, EMPLOYEES AND AGENTS, FROM AND AGAINST 
ALL LOSSES, EXPENSES, LIENS, CLAIMS, INJURY, DEATH, PROPERTY DAMAGE, DEMANDS, DAMAGES AND 
CAUSES OF ACTION OF EVERY KIND AND CHARACTER WHATSOEVER, WITHOUT LIMITATION, RESULTING 
FROM THE UNAUTHORIZED USE OR DISCLOSURE OF THE DIGITAL DATA BY DATA RECIPIENT OR ANY 
PERSON OR ENTITY WHO IS PERMITTED ACCESS TO SUCH DIGITAL DATA UNDER AN AGREEMENT 
(DIRECTLY OR INDIRECTLY) WITH DATA RECIPIENT, OR WHO IS ACTING ON BEHALF OF DATA RECIPIENT, 
OR FOR WHOM DATA RECIPIENT IS LEGALLY RESPONSIBLE. 

 
6. The Data Recipient agrees to keep all Digital Data in its possession strictly confidential and shall not disclose 

it to any other person except to its employees and agents who (i) have a reasonable need to know the 
contents thereof or to enable Data Recipient to perform its obligations relating to the Project, and (ii) 
confirm in writing that they will similarly acknowledge and assume the obligations assumed by Data 
Recipient hereunder.  Every person employed by Data Recipient who receives access to, a copy of, or 
otherwise obtains knowledge of the Digital Data shall be advised that it is confidential and is being disclosed 
pursuant to and subject to the terms of this Acknowledgment, and may not be further disclosed except as 
otherwise provided herein. 

 
7. The non-exclusive limited license granted to the Data Recipient shall lapse upon the occurrence of any of 

the following events: (i) removal of the Data Recipient from, or cancellation or termination of the Data 
Recipient’s contract related to, the Project, (ii) Owner’s revocation of the non-exclusive limited license 
established hereunder, (iii) suspension of the Project for more than six (6) months, or (iv) the expiration of 
the all warranty obligations relating to the Project.  Upon the occurrence of any such event, or upon Owner’s 
written request, the Data Recipient shall, at Owner’s election, return or destroy (and confirm in writing the 
destruction of) all copies of the Digital Data within its possession or control, whether in electronic form or 
otherwise. 

 
IN WITNESS WHEREOF, the parties hereto have caused this Agreement to be executed by their duly authorized 
officers and made effective as of the day and year first written above. 

EXECUTED ON THE DATE FIRST WRITTEN ABOVE. 
 

DATA RECIPIENT:  __________________________ 

By:        
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Attachment A 
Data Recipient’s Request for Access to Electronic Files and Other Digital Data 

 

 
1. 36. 

2. 37. 

3. 38. 

4. 39. 

5. 40. 

6. 41. 

7. 42. 

8. 43. 

9. 44. 

10. 45. 

11. 46. 

12. 47. 

13. 48. 

14. 49. 

15. 50. 

16. 51. 

17. 52. 

18. 53. 

19. 54. 

20. 55. 

21. 56. 

22. 57. 

23. 58. 

24. 59. 

25. 60. 

26. 61. 

27. 62. 

28. 63. 

29. 64. 

30. 65. 

31. 66. 

32. 67. 

33. 68. 

34. 69. 

35. 70. 
 

______________________ (“Data Recipient”) acknowledges and agrees that this Request for Access and Data 
Recipient’s use of the Digital Data is and shall remain subject to and limited by the terms of the Data Recipient’s 
Acknowledgement of Data Use Protocols, dated _____________________. 
 

DATA RECIPIENT: 

__________________________ 
 
By:       
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EXHIBIT 8 

Schedule of Submittals 

 

[TO BE DETERMINED]  
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,CERTIFICATE FOR RESOLUTION 

THE STATE OF TEXAS § 

§ 

COUNTIES OF HARRIS AND FORT BEND § 

I, the undersigned officer of the Board of Directors of the West Harris County Regional 
Water Authority, do hereby certify as follows: 

1. The Board of Directors of the West Harris County Regional Water Authority
convened in regular session on the 11th day of February, 2004, inside the boundaries of the 
Authority, and the roll was called of the duly constituted officers and members of the Board, 
to-wit: 

Dan Sallee 
George L. Rush, Jr. 
Douglas (Cam) Postle 
Stacey L. Burnett 
Art Garden 
Larry Weppler 
Bruce Parker 

President 
Vice President 
Secretary 
Assistant Vice President 
Assistant Secretary 
Director 
Director 

Karla Cannon Director 
Johnny Nelson Director 

0v. and all of said persons were present except Director(s� �us
constituting a quorum. Whereupon, among other business, the following was h·ansacted at the 
meeting: a written 

RESOLUTION ADOPTING PREVAILING WAGE RATES 

was inh·oduced for the consideration of the Board. It was then duly moved and seconded that 
the Resolution be adopted; and, after due discussion, the motion, carrying with it the adoption 
of the Resolution, prevailed and carried unanimously. 

2. That a h·ue, full and correct copy of the aforesaid Resolution adopted at the
meeting described in the above and foregoing paragraph is attached to and follows this 
certificate; that the Resolution has been duly recorded in the Board's minutes of the meeting; 
that the persons named in the above and foregoing paragraph are the duly chosen, qualified 
and acting officers and members of the Board as indicated therein; that each of the officers and 
members of the Board was duly and sufficiently notified officially and personally, in advance, 
of the time, place and purpose of the aforesaid meeting, and that the Resolution would be inh·o
duced and considered for adoption at the meeting, and each of the officers and members 
consented, in advance, to the holding of the meeting for such purpose; that the meeting was 
open to the public as required by law; and that public notice of the time, place and subject of the 
meeting was given as required by Chapter 551, Texas Government Code, and Section 49.063, 
Texas Water Code. 

EXHIBIT 9 - PREVAILING WAGE RATE
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EXHIBIT 10 

CONTRACTOR’S LIST OF KEY PERSONNEL 

List Firm Name and Key Personnel in provided blanks. Duplicate form if necessary. 

Please indicate if personnel differ from those submitted in SOQ Package:  Yes □   No □ 

TBD Contractor:  

Principal in Charge:  

Project Manager:  

Project Superintendent:  

Project Quality Control Manager:  

Project Safety Manager:  

 

TBD Contractor:  

Principal in Charge:  

Project Manager:  

Project Superintendent:   

Foreman:  

Project Quality Control Manager:  

Project Safety Manager:  

 

TBD Contractor:  

Principal in Charge:  

Project Manager:  

Project Superintendent:  
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TBM Operator:  

Project Quality Control Manager:  

Project Safety Manager:  

 

TBD Contractor:  

Principal in Charge:  

Project Manager:  

Project Superintendent:  

TBM Operator:  

Project Quality Control Manager:  

Project Safety Manager:  
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EXHIBIT 11 
 

PARENT GUARANTY 
 

This Parent Guaranty (“Guaranty”), is made effective as of ___________, 20__, and is made 
by __________________________, a _____ Corporation, having its principal headquarters 
located at ______________________________________________ (“Guarantor”), in favor of 
the following: 

West Harris County Regional Water Authority (“Owner”), having its principal 
headquarters located at __________________________________________________. 

RECITALS: 

WHEREAS, __________________________, commensurate with the delivery of this Parent 
Guaranty to Owner, will enter into and perform the services and Work for  Owner as described 
in the construction contract for the _______________ Project of even date herewith and 
relating to the services and Work of __________________________, as described therein 
(“Contract”); and  

WHEREAS, Owner has agreed to act in reliance upon and to enter into the Contract in 
consideration of receiving this Parent Guaranty from the Guarantor, guaranteeing the 
obligations of __________________________; and 

WHEREAS, __________________________ has agreed to enter into such Contract, and to 
cause Guarantor to deliver this Parent Guaranty to Owner.  

NOW, THEREFORE, for and in consideration of the sum of Ten and No/100 Dollars ($10.00), 
and other good and valuable consideration, the receipt and sufficiency of which is hereby 
acknowledged, Guarantor hereby covenants and agrees as follows: 

1. Guarantor warrants, undertakes, and unconditionally guarantees to Owner that 
__________________________ shall faithfully and timely perform all of its obligations, 
duties, and responsibilities, whether monetary or otherwise, according to the terms 
and conditions of the Contract.  

2. This Parent Guaranty is an absolute, unlimited, and unconditional guaranty of 
__________________________’s performance of its obligations under the Contract, 
which obligations may be enforced immediately on any default by 
__________________________ thereunder, without the necessity of initiating any 
prior action or proceeding against __________________________, or any other party 
and without regard to any security or bond held or posted.  This undertaking and 
guaranty shall in no way be impaired or affected by any modification, amendment, or 
change to, or any notice obligation with respect to the obligations of 
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__________________________, as set forth in or pursuant to such Contract.  Except 
as otherwise provided in Paragraph 3, below, Guarantor does hereby waive notice of 
default, notice of any and all such extensions, modifications, omissions, amendments, 
additions, changes, payments, waivers, assignments, subcontracts and transfers 
thereof.   

3. The liability of Guarantor to Owner hereunder shall be no greater than the extent to 
which __________________________ is liable to Owner under the Contract.  The 
Guarantor’s obligation hereunder shall be subject to Owner having provided a copy of 
any notice of default by __________________________ under the Contract to 
Guarantor to the following address: 

 
___________________ 
 
___________________ 
 
___________________ 
 
___________________ 
 

The failure of Guarantor to provide such notice of default shall, however, be a defense 
to Guarantor’s liability hereunder only to the extent Guarantor shows it has been 
prejudiced by such failure. 

4. Guarantor agrees that its obligations under this Parent Guaranty are performable in 
Houston, Harris County, Texas; that this Parent Guaranty shall be governed and 
construed in all respects in accordance with the laws of the State of Texas, without 
regard to conflicts of law; and further agrees that any dispute, claim or controversy 
arising out of or relating to the enforcement of this Parent Guaranty shall be resolved 
in accordance with the Dispute Resolution Procedures specified in the Contract, which 
procedures shall be applicable to the resolution of any such disputes, claims or 
controversies.  Venue for any legal action or proceedings arising under or pertaining to 
this Contract shall be in Harris County, Texas.    

5. Guarantor agrees that, except as otherwise provided in Paragraph 3 above (with 
respect to providing Guarantor a copy of a notice of default by 
__________________________), service of any other written notice, written demand, 
and/or service of process shall be deemed effective if served upon Guarantor through 
any officer or representative of __________________________ identified as a person 
designated to receive Notice under the Contract, who Guarantor agrees shall be 
deemed its authorized agent to receive such other written notice, written demand, 
and/or service of process from Owner for the limited purpose of enforcing this Parent 
Guaranty.  
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IN WITNESS WHEREOF, the undersigned Guarantor has caused its authorized representative 
to execute and deliver this instrument on this _____day of ___________, 20__. 
        
      GUARANTOR:  
      __________________________ 
 
 
      By:        
 

Name:        
 
Title:        
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To PM:
Project:

Owner: Contractor: 

Number
1

TOTAL:

$

$

$ BY: __________________________________ Date: _______________
$

State of Texas

County of

a. % of Completed Work $0.00 Subscribed and sworn to before me this ______ day of ____________________________.

b. % of Stored Material $0.00 Notary Public: ____________________________________

$

$

$

$

$

BY: ________________________________________

Contract Date:

Application Date:Application Period:
From (Contractor):

Purchase Order No.:
Via Engineer:

EXHIBIT 12 - APPLICATION AND CERTIFICATE FOR PAYMENT

Other: 

Distribution to:

Contractor’s Project No.: Contract For:

Engineer:

$0.00

CONTRACTOR’S APPLICATION FOR PAYMENT
Change Order Summary

Approved Change Orders
Deductions

0.00 

(Column G Total on Continuation Sheet)

0.004.  TOTAL EARNED ON WORK COMPLETED & STORED TO DATE …………..

3.  CONTRACT SUM TO DATE (Line 1 +/- 2) …………………………………………

0.00 

1.  ORIGINAL CONTRACT SUM ……………………………………………………….

2.  NET CHANGES BY CHANGE ORDER ………………………………………………

(% RET x Column F Total  on Continuation Sheet)

Total Retainage (Column I Total on Continuation Sheet) 0.00

5.  RETAINAGE:

0.00
(Line 6 from prior Certificate)

0.00

0.00
(Line 4 Less Line 5 Total)

AMOUNT CERTIFIED:

8.  CURRENT PAYMENT DUE …………………………………………………………..

6.  TOTAL EARNED LESS TOTAL RETAINAGE WITHHELD TO DATE ………….

7.  LESS PREVIOUS CERTIFICATES FOR PAYMENT ………………………………

In accordance with the Contract Documents, based on on-site observations and the data comprising this 
application, the Engineer certifies to the Owner that to the best of the Engineer’s knowledge, information and 
belief the Work has progressed as indicated, the quality of the Work is in accordance with the Contract 
Documents, and the Contractor is entitled to payment of the AMOUNT CERTIFIED.

The undersigned Contractor certifies that: (1) all previous progress payments received from Owner on account of 
Work done under the Contract have been applied on account to discharge Contractor's legitimate obligations 
incurred in connection with Work covered by prior Applications for Payment; (2) title of all Work, materials and 
equipment incorporated in said Work or otherwise listed in or covered by this Application for Payment will pass to 
Owner at time of payment free and clear of all claims, Liens, security interests and encumbrances (except such as 
are covered by a Bond acceptable to Owner indemnifying Owner against any such claims, Liens, security interests 
or encumbrances); and (3) all Work covered by this Application for Payment has been completed in accordance 
with the Contract Documents and is not defective.

CONTRACTOR'S CERTIFICATION

ENGINEER’S CERTIFICATE FOR PAYMENT

Date: ________________________

9.  BALANCE TO FINISH, INCLUDING RETAINAGE

NET CHANGES BY CHANGE ORDER $0.00
$0.00

Additions

CONTRACTOR:

$____________________________

(% RET x Columns D+E Total  on Continuation Sheet)

0.00(Line 3 less Line 6)

ENGINEER:

(Attach explanation if amount certified differs from the amount applied.  Initial all figures on this 
Application and on the Continuation Sheet that are charged to conform with the amount certified.)

Exhibit 12 – Form of Application for Payment
Construction Contract (Central Pump Station)

Page 1 of 10



CONTINUATION SHEET OF APPLICATION FOR PAYMENT PAGE  1  OF _  PAGES

APPLICATION AND CERTIFICATE FOR PAYMENT, containing                    APPLICATION NUMBER:

Contractor's signed Certification is attached.                           APPLICATION DATE:

In tabulations below, amounts are stated to the nearest dollar.  PERIOD TO:

             PURCHASE ORDER NO: 0
CONTRACTOR'S PROJECT NO: 0

A B C D E F H I
RETAINAGE

5%

1 $0.00 0% $0.00 $0.00
2 $0.00 0% $0.00 $0.00
3 $0.00 0% $0.00 $0.00
4 $0.00 0% $0.00 $0.00
5 $0.00 0% $0.00 $0.00
6 $0.00 0% $0.00 $0.00
7 $0.00 0% $0.00 $0.00
8 $0.00 0% $0.00 $0.00
9 $0.00 0% $0.00 $0.00

10 $0.00 0% $0.00 $0.00
11 $0.00 0% $0.00 $0.00
12 $0.00 0% $0.00 $0.00
13 $0.00 0% $0.00 $0.00
14 $0.00 0% $0.00 $0.00
15 $0.00 0% $0.00 $0.00
16 $0.00 0% $0.00 $0.00
17 $0.00 0% $0.00 $0.00
18 $0.00 0% $0.00 $0.00
19 $0.00 0% $0.00 $0.00
20 $0.00 0% $0.00 $0.00
21 $0.00 0% $0.00 $0.00
22 $0.00 0% $0.00 $0.00

23 $0.00 0% $0.00 $0.00
24 $0.00 0% $0.00 $0.00
25 $0.00 0% $0.00 $0.00
26 $0.00 0% $0.00 $0.00

27 $0.00 0% $0.00 $0.00
28 $0.00 0% $0.00 $0.00
29 $0.00 0% $0.00 $0.00
30 $0.00 0% $0.00 $0.00
31 $0.00 0% $0.00 $0.00
32 $0.00 0% $0.00 $0.00

Total  Page 1 of __ $0.00 $0.00 $0.00 $0.00 $0.00 0% $0.00 $0.00

G
ITEM 
NO.

SCHEDULED 
VALUE

DESCRIPTION OF WORK

FROM PREVIOUS 
APPLICATION (D+E)

THIS PERIOD
              WORK COMPLETED MATERIALS 

PRESENTLY 
STORED

(NOT IN D or E)

TOTAL EARNED ON 
WORK COMPLETED AND 

STORED TO DATE 
(D+E+F)

PERCENT 
COMPLETE

(G÷C)

BALANCE TO 
FINISH
(C-G)

Exhibit 12 - Form of Application for Payment
Construction Contract (Central Pump Station) Page 2 of 10



CONTINUATION SHEET OF APPLICATION FOR PAYMENT PAGE  2  OF _  PAGES

APPLICATION AND CERTIFICATE FOR PAYMENT, containing                    APPLICATION NUMBER:

Contractor's signed Certification is attached.                           APPLICATION DATE:

In tabulations below, amounts are stated to the nearest dollar.  PERIOD TO:

             OWNER'S PROJECT NO: 0
CONTRACTOR'S PROJECT NO: 0

A B C D E F H I
RETAINAGE

5%

33 $0.00 0% $0.00 $0.00
34 $0.00 0% $0.00 $0.00
35 $0.00 0% $0.00 $0.00
36 $0.00 0% $0.00 $0.00
37 $0.00 0% $0.00 $0.00
38 $0.00 0% $0.00 $0.00
39 $0.00 $0.00 0% $0.00 $0.00
40 $0.00 0% $0.00 $0.00
41 $0.00 0% $0.00 $0.00
42 $0.00 0% $0.00 $0.00
43 $0.00 0% $0.00 $0.00
44 $0.00 0% $0.00 $0.00
45 $0.00 0% $0.00 $0.00
46 $0.00 0% $0.00 $0.00
47 $0.00 0% $0.00 $0.00
48 $0.00 0% $0.00 $0.00
49 $0.00 0% $0.00 $0.00
50 $0.00 0% $0.00 $0.00
51 $0.00 0% $0.00 $0.00
52 $0.00 0% $0.00 $0.00
53 $0.00 0% $0.00 $0.00
54 $0.00 0% $0.00 $0.00

55 $0.00 0% $0.00 $0.00
56 $0.00 0% $0.00 $0.00
57 $0.00 0% $0.00 $0.00
58 $0.00 0% $0.00 $0.00

59 $0.00 0% $0.00 $0.00
60 $0.00 0% $0.00 $0.00
61 $0.00 0% $0.00 $0.00
62 $0.00 0% $0.00 $0.00
63 $0.00 0% $0.00 $0.00
64 $0.00 0% $0.00 $0.00

Total Page 2 of _ $0.00 $0.00 $0.00 $0.00 $0.00 0% $0.00 $0.00

G
              WORK COMPLETEDSCHEDULED 

VALUE FROM PREVIOUS 
APPLICATION (D+E)

THIS PERIOD

ITEM 
NO.

DESCRIPTION OF WORK PERCENT 
COMPLETE 

(G÷C)

TOTAL EARNED ON 
WORK COMPLETED 

AND STORED TO 
DATE (D+E+F)

MATERIALS 
PRESENTLY 

STORED
(NOT IN D or E)

BALANCE TO 
FINISH
(C-G)
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CONTINUATION SHEET OF APPLICATION FOR PAYMENT PAGE  3  OF _  PAGES

APPLICATION AND CERTIFICATE FOR PAYMENT, containing                    APPLICATION NUMBER:

Contractor's signed Certification is attached.                           APPLICATION DATE:

In tabulations below, amounts are stated to the nearest dollar.  PERIOD TO:

             OWNER'S PROJECT NO: 0
CONTRACTOR'S PROJECT NO: 0

A B C D E F H I
RETAINAGE

5%

65 $0.00 0% $0.00 $0.00
66 $0.00 0% $0.00 $0.00
67 $0.00 0% $0.00 $0.00
68 $0.00 0% $0.00 $0.00
69 $0.00 0% $0.00 $0.00
70 $0.00 0% $0.00 $0.00
71 $0.00 0% $0.00 $0.00
72 $0.00 0% $0.00 $0.00
73 $0.00 0% $0.00 $0.00
74 $0.00 0% $0.00 $0.00
75 $0.00 0% $0.00 $0.00
76 $0.00 0% $0.00 $0.00
77 $0.00 0% $0.00 $0.00
78 $0.00 0% $0.00 $0.00
79 $0.00 0% $0.00 $0.00
80 $0.00 0% $0.00 $0.00
81 $0.00 0% $0.00 $0.00
82 $0.00 0% $0.00 $0.00
83 $0.00 0% $0.00 $0.00
84 $0.00 0% $0.00 $0.00
85 $0.00 0% $0.00 $0.00
86 $0.00 0% $0.00 $0.00

87 $0.00 0% $0.00 $0.00
88 $0.00 0% $0.00 $0.00
89 $0.00 0% $0.00 $0.00
90 $0.00 0% $0.00 $0.00

91 $0.00 0% $0.00 $0.00
92 $0.00 0% $0.00 $0.00
93 $0.00 0% $0.00 $0.00
94 $0.00 0% $0.00 $0.00
95 $0.00 0% $0.00 $0.00
96 $0.00 0% $0.00 $0.00

Total Page 3 of _ $0.00 $0.00 $0.00 $0.00 $0.00 0% $0.00 $0.00

G
ITEM 
NO.

MATERIALS 
PRESENTLY 

STORED
(NOT IN D or E)

SCHEDULED 
VALUE THIS PERIOD

TOTAL EARNED ON 
WORK COMPLETED 

AND STORED TO DATE 
(D+E+F)

PERCENT 
COMPLETE 

(G÷C)

DESCRIPTION OF WORK               WORK COMPLETED
FROM PREVIOUS 

APPLICATION 
(D+E)

BALANCE TO 
FINISH
(C-G)
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CONTINUATION SHEET OF APPLICATION FOR PAYMENT PAGE  4  OF _  PAGES

APPLICATION AND CERTIFICATE FOR PAYMENT, containing                    APPLICATION NUMBER:

Contractor's signed Certification is attached.                           APPLICATION DATE:

In tabulations below, amounts are stated to the nearest dollar.  PERIOD TO:

             OWNER'S PROJECT NO: 0
CONTRACTOR'S PROJECT NO: 0

A B C D E F H I
RETAINAGE

5%

(G ÷ C)

97 $0.00 0% $0.00 $0.00
98 $0.00 0% $0.00 $0.00
99 $0.00 0% $0.00 $0.00

100 $0.00 0% $0.00 $0.00
101 $0.00 0% $0.00 $0.00
102 $0.00 0% $0.00 $0.00
103 $0.00 0% $0.00 $0.00
104 $0.00 0% $0.00 $0.00
105 $0.00 0% $0.00 $0.00
106 $0.00 0% $0.00 $0.00
107 $0.00 0% $0.00 $0.00
108 $0.00 0% $0.00 $0.00
109 $0.00 0% $0.00 $0.00
110 $0.00 0% $0.00 $0.00
111 $0.00 0% $0.00 $0.00
112 $0.00 0% $0.00 $0.00
113 $0.00 0% $0.00 $0.00
114 $0.00 0% $0.00 $0.00
115 $0.00 0% $0.00 $0.00
116 $0.00 0% $0.00 $0.00
117 $0.00 0% $0.00 $0.00
118 $0.00 0% $0.00 $0.00

119 $0.00 0% $0.00 $0.00
120 $0.00 0% $0.00 $0.00
121 $0.00 0% $0.00 $0.00
122 $0.00 0% $0.00 $0.00

123 $0.00 0% $0.00 $0.00
124 $0.00 0% $0.00 $0.00
125 $0.00 0% $0.00 $0.00
126 $0.00 0% $0.00 $0.00
127 $0.00 0% $0.00 $0.00
128 $0.00 0% $0.00 $0.00

Total Page 4 of _ $0.00 $0.00 $0.00 $0.00 $0.00 0% $0.00 $0.00

G
MATERIALS 
PRESENTLY 

STORED
(NOT IN D or E)

SCHEDULED 
VALUE

PERCENT 
COMPLETE

ITEM 
NO.

DESCRIPTION OF WORK

THIS PERIOD

TOTAL EARNED ON 
WORK COMPLETED 

AND STORED TO DATE 
(D+E+F)

FROM PREVIOUS 
APPLICATION (D+E)

BALANCE TO 
FINISH
(C-G)

              WORK COMPLETED

Exhibit 12 - Form of Application for Payment
Construction Contract (Central Pump Station) Page 5 of 10



CONTINUATION SHEET OF APPLICATION FOR PAYMENT PAGE  5  OF _  PAGES

APPLICATION AND CERTIFICATE FOR PAYMENT, containing                    APPLICATION NUMBER:

Contractor's signed Certification is attached.                           APPLICATION DATE:

In tabulations below, amounts are stated to the nearest dollar.  PERIOD TO:

             OWNER'S PROJECT NO: 0
CONTRACTOR'S PROJECT NO: 0

A B C D E F H I
RETAINAGE

5%

(G ÷ C)

129 $0.00 0% $0.00 $0.00
130 $0.00 0% $0.00 $0.00
131 $0.00 0% $0.00 $0.00
132 $0.00 0% $0.00 $0.00
133 $0.00 0% $0.00 $0.00
134 $0.00 0% $0.00 $0.00
135 $0.00 0% $0.00 $0.00
136 $0.00 0% $0.00 $0.00
137 $0.00 0% $0.00 $0.00
138 $0.00 0% $0.00 $0.00
139 $0.00 0% $0.00 $0.00
140 $0.00 0% $0.00 $0.00
141 $0.00 0% $0.00 $0.00
142 $0.00 0% $0.00 $0.00
143 $0.00 0% $0.00 $0.00
144 $0.00 0% $0.00 $0.00
145 $0.00 0% $0.00 $0.00
146 $0.00 0% $0.00 $0.00
147 $0.00 0% $0.00 $0.00
148 $0.00 0% $0.00 $0.00
149 $0.00 0% $0.00 $0.00
150 $0.00 0% $0.00 $0.00

151 $0.00 0% $0.00 $0.00
152 $0.00 0% $0.00 $0.00
153 $0.00 0% $0.00 $0.00
154 $0.00 0% $0.00 $0.00

155 $0.00 0% $0.00 $0.00
156 $0.00 0% $0.00 $0.00
157 $0.00 0% $0.00 $0.00
158 $0.00 0% $0.00 $0.00
159 $0.00 0% $0.00 $0.00
160 $0.00 0% $0.00 $0.00

Total Page 5 of _ $0.00 $0.00 $0.00 $0.00 $0.00 0% $0.00 $0.00

G
MATERIALS 
PRESENTLY 

STORED
(NOT IN D or E)

PERCENT 
COMPLETE

SCHEDULED 
VALUE

ITEM NO. DESCRIPTION OF WORK

THIS PERIODFROM PREVIOUS 
APPLICATION 

(D+E)

BALANCE TO 
FINISH
(C-G)

TOTAL EARNED ON 
WORK COMPLETED 

AND STORED TO 
DATE

(D+E+F)

              WORK COMPLETED
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CONTINUATION SHEET OF APPLICATION FOR PAYMENT PAGE  6  OF _  PAGES

APPLICATION AND CERTIFICATE FOR PAYMENT, containing                    APPLICATION NUMBER:

Contractor's signed Certification is attached.                           APPLICATION DATE:

In tabulations below, amounts are stated to the nearest dollar.  PERIOD TO:

             OWNER'S PROJECT NO: 0
CONTRACTOR'S PROJECT NO: 0

A B C D E F H I
RETAINAGE

5%

(G ÷ C)

161 $0.00 0% $0.00 $0.00
162 $0.00 0% $0.00 $0.00
163 $0.00 0% $0.00 $0.00
164 $0.00 0% $0.00 $0.00
165 $0.00 0% $0.00 $0.00
166 $0.00 0% $0.00 $0.00
167 $0.00 0% $0.00 $0.00
168 $0.00 0% $0.00 $0.00
169 $0.00 0% $0.00 $0.00
170 $0.00 0% $0.00 $0.00
171 $0.00 0% $0.00 $0.00
172 $0.00 0% $0.00 $0.00
173 $0.00 0% $0.00 $0.00
174 $0.00 0% $0.00 $0.00
175 $0.00 0% $0.00 $0.00
176 $0.00 0% $0.00 $0.00
177 $0.00 0% $0.00 $0.00
178 $0.00 0% $0.00 $0.00
179 $0.00 0% $0.00 $0.00
180 $0.00 0% $0.00 $0.00
181 $0.00 0% $0.00 $0.00
182 $0.00 0% $0.00 $0.00

183 $0.00 0% $0.00 $0.00
184 $0.00 0% $0.00 $0.00
185 $0.00 0% $0.00 $0.00
186 $0.00 0% $0.00 $0.00

187 $0.00 0% $0.00 $0.00
188 $0.00 0% $0.00 $0.00
189 $0.00 0% $0.00 $0.00
190 $0.00 0% $0.00 $0.00
191 $0.00 0% $0.00 $0.00
192 $0.00 0% $0.00 $0.00

Total Page 6 of _ $0.00 $0.00 $0.00 $0.00 $0.00 0% $0.00 $0.00

G
MATERIALS 
PRESENTLY 

STORED
(NOT IN D or E)

PERCENT 
COMPLETE

SCHEDULED 
VALUE

ITEM NO. DESCRIPTION OF WORK

THIS PERIODFROM PREVIOUS 
APPLICATION 

(D+E)

BALANCE TO 
FINISH
(C-G)

TOTAL EARNED ON 
WORK COMPLETED 

AND STORED TO DATE
(D+E+F)

              WORK COMPLETED
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CONTINUATION SHEET OF APPLICATION FOR PAYMENT PAGE  7  OF _  PAGES

APPLICATION AND CERTIFICATE FOR PAYMENT, containing                    APPLICATION NUMBER:

Contractor's signed Certification is attached.                           APPLICATION DATE:

In tabulations below, amounts are stated to the nearest dollar.  PERIOD TO:

             OWNER'S PROJECT NO: 0
CONTRACTOR'S PROJECT NO: 0

A B C D E F H I
RETAINAGE

5%

(G ÷ C)

193 $0.00 0% $0.00 $0.00
194 $0.00 0% $0.00 $0.00
195 $0.00 0% $0.00 $0.00
196 $0.00 0% $0.00 $0.00
197 $0.00 0% $0.00 $0.00
198 $0.00 0% $0.00 $0.00
199 $0.00 0% $0.00 $0.00
200 $0.00 0% $0.00 $0.00
201 $0.00 0% $0.00 $0.00
202 $0.00 0% $0.00 $0.00
203 $0.00 0% $0.00 $0.00
204 $0.00 0% $0.00 $0.00
205 $0.00 0% $0.00 $0.00
206 $0.00 0% $0.00 $0.00
207 $0.00 0% $0.00 $0.00
208 $0.00 0% $0.00 $0.00
209 $0.00 0% $0.00 $0.00
210 $0.00 0% $0.00 $0.00
211 $0.00 0% $0.00 $0.00
212 $0.00 0% $0.00 $0.00
213 $0.00 0% $0.00 $0.00
214 $0.00 0% $0.00 $0.00

215 $0.00 0% $0.00 $0.00
216 $0.00 0% $0.00 $0.00
217 $0.00 0% $0.00 $0.00
218 $0.00 0% $0.00 $0.00

219 $0.00 0% $0.00 $0.00
220 $0.00 0% $0.00 $0.00
221 $0.00 0% $0.00 $0.00
222 $0.00 0% $0.00 $0.00
223 $0.00 0% $0.00 $0.00
224 $0.00 0% $0.00 $0.00

Total Page 7 of _ $0.00 $0.00 $0.00 $0.00 $0.00 0% $0.00 $0.00

G
MATERIALS 
PRESENTLY 

STORED
(NOT IN D or E)

PERCENT 
COMPLETE

SCHEDULED 
VALUE

ITEM NO. DESCRIPTION OF WORK

THIS PERIODFROM PREVIOUS 
APPLICATION 

(D+E)

BALANCE TO 
FINISH
(C-G)

TOTAL EARNED ON 
WORK COMPLETED 

AND STORED TO 
DATE

(D+E+F)

              WORK COMPLETED
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CONTINUATION SHEET OF APPLICATION FOR PAYMENT PAGE  8  OF _  PAGES

APPLICATION AND CERTIFICATE FOR PAYMENT, containing                    APPLICATION NUMBER:

Contractor's signed Certification is attached.                           APPLICATION DATE:

In tabulations below, amounts are stated to the nearest dollar.  PERIOD TO:

             OWNER'S PROJECT NO: 0
CONTRACTOR'S PROJECT NO: 0

A B C D E F H I
RETAINAGE

5%

(G ÷ C)

225 $0.00 0% $0.00 $0.00
226 $0.00 0% $0.00 $0.00
227 $0.00 0% $0.00 $0.00
228 $0.00 0% $0.00 $0.00
229 $0.00 0% $0.00 $0.00
230 $0.00 0% $0.00 $0.00
231 $0.00 0% $0.00 $0.00
232 $0.00 0% $0.00 $0.00
233 $0.00 0% $0.00 $0.00
234 $0.00 0% $0.00 $0.00
235 $0.00 0% $0.00 $0.00
236 $0.00 0% $0.00 $0.00
237 $0.00 0% $0.00 $0.00
238 $0.00 0% $0.00 $0.00
239 $0.00 0% $0.00 $0.00
240 $0.00 0% $0.00 $0.00
241 $0.00 0% $0.00 $0.00
242 $0.00 0% $0.00 $0.00
243 $0.00 0% $0.00 $0.00
244 $0.00 0% $0.00 $0.00
245 $0.00 0% $0.00 $0.00
246 $0.00 0% $0.00 $0.00

247 $0.00 0% $0.00 $0.00
248 $0.00 0% $0.00 $0.00
249 $0.00 0% $0.00 $0.00
250 $0.00 0% $0.00 $0.00

251 $0.00 0% $0.00 $0.00
252 $0.00 0% $0.00 $0.00
253 $0.00 0% $0.00 $0.00
254 $0.00 0% $0.00 $0.00
255 $0.00 0% $0.00 $0.00
256 $0.00 0% $0.00 $0.00

Total Page 8 of _ $0.00 $0.00 $0.00 $0.00 $0.00 0% $0.00 $0.00

G
MATERIALS 
PRESENTLY 

STORED
(NOT IN D or E)

PERCENT COMPLETE

SCHEDULED 
VALUE

ITEM NO.

THIS PERIOD

DESCRIPTION OF WORK

FROM PREVIOUS 
APPLICATION (D+E)

BALANCE TO 
FINISH
(C-G)

TOTAL EARNED ON 
WORK COMPLETED 

AND STORED TO DATE
(D+E+F)

              WORK COMPLETED
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CONTINUATION SHEET OF APPLICATION FOR PAYMENT PAGE  9  OF _  PAGES

APPLICATION AND CERTIFICATE FOR PAYMENT, containing                    APPLICATION NUMBER:

Contractor's signed Certification is attached.                           APPLICATION DATE:

In tabulations below, amounts are stated to the nearest dollar.  PERIOD TO:

             OWNER'S PROJECT NO: 0
CONTRACTOR'S PROJECT NO: 0

A B C D E F H I
TOTAL EARNED ON RETAINAGE

WORK COMPLETED 5%

AND STORED (G ÷ C)

TO DATE

(D+E+F)

257 $0.00 0% $0.00 $0.00
258 $0.00 0% $0.00 $0.00
259 $0.00 0% $0.00 $0.00
260 $0.00 0% $0.00 $0.00
261 $0.00 0% $0.00 $0.00
262 $0.00 0% $0.00 $0.00
263 $0.00 0% $0.00 $0.00
264 $0.00 0% $0.00 $0.00
265 $0.00 0% $0.00 $0.00
266 $0.00 0% $0.00 $0.00
267 $0.00 0% $0.00 $0.00
268 $0.00 0% $0.00 $0.00
269 $0.00 0% $0.00 $0.00
270 $0.00 0% $0.00 $0.00
271 $0.00 0% $0.00 $0.00
272 $0.00 0% $0.00 $0.00
273 $0.00 0% $0.00 $0.00
274 $0.00 0% $0.00 $0.00
275 $0.00 0% $0.00 $0.00
276 $0.00 0% $0.00 $0.00
277 $0.00 0% $0.00 $0.00
278 $0.00 0% $0.00 $0.00

279 $0.00 0% $0.00 $0.00
280 $0.00 0% $0.00 $0.00
281 $0.00 0% $0.00 $0.00
282 $0.00 0% $0.00 $0.00

283 $0.00 0% $0.00 $0.00
284 $0.00 0% $0.00 $0.00
285 $0.00 0% $0.00 $0.00
286 $0.00 0% $0.00 $0.00
287 $0.00 0% $0.00 $0.00
288 $0.00 0% $0.00 $0.00

Total Page 9 of _ $0.00 $0.00 $0.00 $0.00 $0.00 0% $0.00 $0.00

G

FROM PREVIOUS 
APPLICATION 

(D+E)

MATERIALS 
PRESENTLY 

STORED
(NOT IN D or E)

PERCENT 
COMPLETE

(G ÷ C)
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ITEM NO.

THIS PERIOD

BALANCE TO 
FINISH
(C-G)

              WORK COMPLETED
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Exhibit 13 – Form of Change Order  Page 1 of 2 
Agreement Between Owner and Contractor (Central Pump Station)  
4818-4300-6794v.1 

 EXHIBIT 13 – FORM OF CHANGE ORDER 
 

 Change Order No. ____________ 

 
Owner: West Harris County 

Regional Water Authority 

Owner’s Project No.: 3487-11 Date: 

Project:  Central Pump Station Contractor: Engineer: AECOM Technical Services, 

Inc. 

Contractor's Project No.: Contract No.: Contract Date: 

The Contract Documents are modified as follows upon execution of this Change Order: 

Description: 

 

Attachments: (List documents supporting change): 

 

 
Change in Contract Sum 

 
The Owner agrees to pay for all changes in the Work properly performed by the Contractor under this Change Order according to the 
terms of the Agreement.  The amount paid by the Owner hereunder shall be full and final compensation for all such Work.  The change, 
if any, in the Contract Price shall be computed according to one of the following methods. 
 

___ 1. No Change $_0.00 

___ 2. Costs Plus a Fee $____________ 

___ 3. Unit Price $____________ 

___ 4. Lump Sum of $____________ 

 
The original Contract Sum was 0.00 

The net change by previously authorized Change Orders 0.00 
The Contract Sum prior to this Change Order was 0.00 
The Contract Sum will be increased by this Change Order in the amount of 0.00 

The new Contract Sum including this Change Order will be 0.00 

 
Unless Item 1 or 4 is marked above, Contractor shall submit promptly to Owner such itemized labor and material breakdowns as Owner 
may require for Work added to or deleted from the Agreement by this Change Order.  Contractor shall include the cost of such change 
in its next Application for Payment in a separate line item. 

Change in Contract Time 

The change, if any, in the Contract Time resulting from the Work [added]/[deleted] by this Change Order shall be as set forth below in 
accordance with the terms of the Agreement. 

The Contract Time will be [increased]/[decreased] by ___________ (__) calendar days. 

The date of Substantial Completion as of the effective date of this Change Order therefore is 
________________________________. 

This Change Order shall constitute full and complete settlement for any and all direct or indirect schedule and/or cost impacts, whether 

known or unknown, including cumulative impacts associated with this change.  Contractor also releases all rights, claims, and demands 

against the Owner arising out of this change.  Bond costs are included in this Change Order. 



 

Exhibit 13 – Form of Change Order  Page 2 of 2 
Agreement Between Owner and Contractor (Central Pump Station)  
4818-4300-6794v.1 

RECOMMENDED: 

 
 
By: _____________________________ 

Engineer (Authorized Signature) 

ACCEPTED 

 
 
By: ________________________ 

Owner (Authorized Signature) 

ACCEPTED 

 
 
By: ______________________ 

Contractor (Authorized Signature) 
 
Date: ____________________________ 

 
Date: ____________________ 

 
Date: _____________________ 
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EXHIBIT 14 

CONSTRUCTION SCHEDULE 

The Contractor shall prepare and update a construction schedule indicating the proposed methods of construction 
and sequence of Work and the time the Contractor proposes to complete the Work within the time specified in the 
Contract Documents. The schedule shall be submitted to the Owner 14 Days prior to the Contract award date. During 
the course of the project, if the Contractor’s schedule is affected by changes in the work, the Contractor shall submit 
an updated construction schedule within 7 Days at the request of the Owner. This updated schedule shall show how 
the Contractor proposes to perform the balance of the Work in order to complete the Work within the time specified in 
the Contract Documents. 

The proposed construction schedule by the contractor shall not exceed the specified number of working days in the 
milestone schedule or extend beyond the specified contract time. The construction schedule shall include all non-
working periods and appropriate allowances for Inclement Weather. 
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EXHIBIT 15.1 

 
CONDITIONAL WAIVER AND RELEASE ON PROGRESS PAYMENT FORM 

 
 
PROJECT: __CENTRAL PUMP STATION _____ 

JOB NO.:   __3487-11 ________ 

 
 

On receipt by the signer of this document of a check from _____________________ in 
the sum of $__________ payable to _____________________ (payee or payees of check) and 
when the check has been properly endorsed and has been paid by the bank on which it is drawn, 
this document becomes effective to release any mechanic's lien right, any right arising from a 
payment bond that complies with a state or federal statute, any common law payment bond 
right, any claim for payment, and any rights under any similar ordinance, rule, or statute related 
to claim or payment rights for persons in the signer's position  that the signer has on the property 
of _____________________ located at ______________________ (location) to the following 
extent: ______________________ (job description). 

 
This release covers a progress payment for all labor, services, equipment, or materials 

furnished to the property or to _____________________ as indicated in the attached 
statement(s) or progress payment request(s), except for unpaid retention, pending modifications 
and changes, or other items furnished. 

 
Before any recipient of this document relies on this document, the recipient should verify 

evidence of payment to the signer. 
 
The signer warrants that the signer has already paid or will use the funds received from 

this progress payment to promptly pay in full all of the signer's laborers, subcontractors, 
materialmen, and suppliers for all work, materials, equipment, or services provided for or to the 
above referenced project in regard to the attached statement(s) or progress payment request(s). 

 

Date: ____________________________ 

_________________________________ (Company name) 

By: ______________________________ (Signature) 

Name: ___________________________ 

Title: ___________________________ 
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STATE OF TEXAS 
 
COUNTY OF ______________ 

 
 

On this _____ day of _______________, 20____, before me, the undersigned, a Notary Public in 
and for said County and State, personally appeared the individual who signed the foregoing 
Conditional Waiver and Release on Progress Payment, being personally known to me, and 
acknowledged that he or she executed the foregoing instrument for the uses, purposes, and 
consideration therein expressed, and that the execution of the instrument was the free and 
voluntary act and deed of the Company named, and further certified that if said Company is a 
Corporation, it appeared by the officer who signed on its behalf, and such officer to me 
acknowledged that the execution was based on authority duly granted. 
 
IN WITNESS WHEREOF, I have hereto set my hand and affixed my official seal the day and year 
written above. 

 
 

________________________________________ 
Notary Public in and for the State of Texas 

 
    My Commission Expires: ___________________ 
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EXHIBIT 15.2 
 

NOTICE 
 

THIS DOCUMENT WAIVES RIGHTS UNCONDITIONALLY AND STATES THAT YOU HAVE BEEN PAID 
FOR GIVING UP THOSE RIGHTS.  IT IS PROHIBITED FOR A PERSON TO REQUIRE YOU TO SIGN 
THIS DOCUMENT IF YOU HAVE NOT BEEN PAID THE PAYMENT AMOUNT SET FORTH BELOW.  IF 
YOU HAVE NOT BEEN PAID, USE A CONDITIONAL RELEASE FORM.  

 
UNCONDITIONAL WAIVER AND RELEASE ON PROGRESS PAYMENT FORM 

 
PROJECT: ___CENTRAL PUMP STATION    

JOB NO.:   ___3487-11_____ 

The signer of this document has been paid and has received a progress payment in the 
sum of $___________ for all labor, services, equipment, or materials furnished to the property 
or to ______________________ on the property of ______________________ located at  
______________________ (location) to the following extent:  ______________________ (job 
description).  The signer therefore waives and releases any mechanic's lien right, any right arising 
from a payment bond that complies with a state or federal statute, any common law payment 
bond right, any claim for payment, and any rights under any similar ordinance, rule, or statute 
related to claim or payment rights for persons in the signer's position that the signer has on the 
above referenced project to the following extent: 
 

This release covers a progress payment for all labor, services, equipment, or materials 
furnished to the property or to ______________________ as indicated in the attached 
statement(s) or progress payment request(s), except for unpaid retention, pending modifications 
and changes, or other items furnished. 
 

The signer warrants that the signer has already paid or will use the funds received from 
this progress payment to promptly pay in full all of the signer's laborers, subcontractors, 
materialmen, and suppliers for all work, materials, equipment, or services provided for or to the 
above referenced project in regard to the attached statement(s) or progress payment request(s). 

Date: ____________________________ 

_________________________________ (Company name) 

By: ______________________________ (Signature) 

Name: ___________________________ 

Title: ___________________________ 
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STATE OF TEXAS 
 
COUNTY OF ______________ 

 
 

On this _____ day of _______________, 20____, before me, the undersigned, a Notary Public in 
and for said County and State, personally appeared the individual who signed the foregoing 
Unconditional Waiver and Release on Progress Payment, being personally known to me, and 
acknowledged that he or she executed the foregoing instrument for the uses, purposes, and 
consideration therein expressed, and that the execution of the instrument was the free and 
voluntary act and deed of the Company named, and further certified that if said Company is a 
Corporation, it appeared by the officer who signed on its behalf, and such officer to me 
acknowledged that the execution was based on authority duly granted. 
 
IN WITNESS WHEREOF, I have hereto set my hand and affixed my official seal the day and year 
written above. 

 
 

________________________________________ 
Notary Public in and for the State of Texas 

 
    My Commission Expires: ___________________ 
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EXHIBIT 15.3 

 
CONDITIONAL WAIVER AND RELEASE ON FINAL PAYMENT FORM 

 
 
PROJECT: ___CENTRAL PUMP STATION_____ 

JOB NO.:   __3487-11______________ 

 
 
 

On receipt by the signer of this document of a check from _____________________ in 
the sum of $____________ payable to _____________________ (payee or payees of check) and 
when the check has been properly endorsed and has been paid by the bank on which it is drawn, 
this document becomes effective to release any mechanic's lien right, any right arising from a 
payment bond that complies with a state or federal statute, any common law payment bond 
right, any claim for payment, and any rights under any similar ordinance, rule, or statute related 
to claim or payment rights for persons in the signer's position that the signer has on the property 
of _____________________ located at ______________________ (location) to the following 
extent:  ______________________ (job description). 
 

This release covers the final payment to the signer for all labor, services, equipment, or 
materials furnished to the property or to _____________________. 
 

Before any recipient of this document relies on this document, the recipient should 
verify evidence of payment to the signer. 
 

The signer warrants that the signer has already paid or will use the funds received from 
this final payment to promptly pay in full all of the signer's laborers, subcontractors, materialmen, 
and suppliers for all work, materials, equipment, or services provided for or to the above 
referenced project up to the date of this waiver and release. 

 

Date: ____________________________ 

_________________________________ (Company name) 

By: ______________________________ (Signature) 

Name: ___________________________ 

Title: ___________________________ 
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STATE OF TEXAS 
 
COUNTY OF ______________ 

 
 

On this _____ day of _______________, 20____, before me, the undersigned, a Notary Public in 
and for said County and State, personally appeared the individual who signed the foregoing 
Conditional Waiver and Release on Final Payment, being personally known to me, and 
acknowledged that he or she executed the foregoing instrument for the uses, purposes, and 
consideration therein expressed, and that the execution of the instrument was the free and 
voluntary act and deed of the Company named, and further certified that if said Company is a 
Corporation, it appeared by the officer who signed on its behalf, and such officer to me 
acknowledged that the execution was based on authority duly granted. 
 
IN WITNESS WHEREOF, I have hereto set my hand and affixed my official seal the day and year 
written above. 

 
 

________________________________________ 
Notary Public in and for the State of Texas 

 
    My Commission Expires: ___________________ 
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EXHIBIT 15.4 

 
NOTICE 

 

THIS DOCUMENT WAIVES RIGHTS UNCONDITIONALLY AND STATES THAT YOU 
HAVE BEEN PAID FOR GIVING UP THOSE RIGHTS.  IT IS PROHIBITED FOR A PERSON 
TO REQUIRE YOU TO SIGN THIS DOCUMENT IF YOU HAVE NOT BEEN PAID THE 
PAYMENT AMOUNT SET FORTH BELOW.  IF YOU HAVE NOT BEEN PAID, USE A 
CONDITIONAL RELEASE FORM. 

 
UNCONDITIONAL WAIVER AND RELEASE ON FINAL PAYMENT FORM 

 
PROJECT: __CENTRAL PUMP STATION  ____ 

JOB NO.:   __3487-11_______ 

 

The signer of this document has been paid in full for all labor, services, equipment, or 
materials furnished to the property or to ______________________ on the property of 
______________________ located at ______________________ (location) to the following 
extent: ______________________ (job description).  The signer therefore waives and releases 
any mechanic's lien right, any right arising from a payment bond that complies with a state or 
federal statute, any common law payment bond right, any claim for payment, and any rights under 
any similar ordinance, rule, or statute related to claim or payment rights for persons in the signer's 
position. 
 

The signer warrants that the signer has already paid or will use the funds received from 
this final payment to promptly pay in full all of the signer's laborers, subcontractors, materialmen, 
and suppliers for all work, materials, equipment, or services provided for or to the above 
referenced project up to the date of this waiver and release. 

 

Date: ____________________________ 

_________________________________ (Company name) 

By: ______________________________ (Signature) 

Name: ___________________________ 

Title: ___________________________ 
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STATE OF TEXAS 
 
COUNTY OF ______________ 

 
 

On this _____ day of _______________, 20____, before me, the undersigned, a Notary Public in 
and for said County and State, personally appeared the individual who signed the foregoing 
Unconditional Waiver and Release on Final Payment, being personally known to me, and 
acknowledged that he or she executed the foregoing instrument for the uses, purposes, and 
consideration therein expressed, and that the execution of the instrument was the free and 
voluntary act and deed of the Company named, and further certified that if said Company is a 
Corporation, it appeared by the officer who signed on its behalf, and such officer to me 
acknowledged that the execution was based on authority duly granted. 
 
IN WITNESS WHEREOF, I have hereto set my hand and affixed my official seal the day and year 
written above. 

 
 

________________________________________ 
Notary Public in and for the State of Texas 

 
    My Commission Expires: ___________________ 
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PERFORMANCE BOND 
 
 

THE STATE OF TEXAS   § 
 
     §  KNOW ALL MEN BY THESE PRESENTS: 
 
THE COUNTY OF _______________ § 
 
 
 THAT WE, ____________________________________, as Principal, hereinafter called “Contractor” and 
the other subscriber hereto _____________________________________, as Surety, do hereby acknowledge 
ourselves to be held and firmly bound to West Harris County Regional Water Authority “Owner”, in the sum of 
_________________ ($_______) for the payment of which sum, well and truly to be made to Owner and its 
successors, the said Contractor and Surety do bind themselves, their heirs, executors, administrators, successors, 
and assigns, jointly and severally. 
 
THE CONDITIONS OF THIS OBLIGATION ARE SUCH THAT: 
 
 WHEREAS, the Contractor has on or about this day executed a Contract in writing with Owner for 
____________________________________________________________________________________________
___________________________________________________________________ all of such work to be done as 
set out in full in said Contract Documents therein referred to and adopted by the Owner, all of which are made a 
part of this instrument as fully and completely as if set out in full herein. 
 
 NOW THEREFORE, if the said Contractor shall faithfully and strictly perform Contract in all its terms, 
provisions, and stipulations in accordance with its true meaning and effect, and in accordance with the Contract 
Documents referred to therein and shall comply strictly with each and every provision of Contract and with this 
bond, then this obligation shall become null and void and shall have no further force and effect; otherwise the 
same is to remain in full force and effect; and this bond includes without limitation guarantees that work done 
under the contract will be completed and performed according to approved plans and specifications and in 
accordance with sound construction principles and practices; and that bond shall be in the penal sum of not less 
than 100 percent of the contract price and remain in effect for one year beyond the date of approval by the 
Engineer of the political subdivision. 
 
 Should the Contractor fail to faithfully and strictly perform the Contract in all its terms, including but not 
limited to the indemnifications thereunder, the Surety shall be liable for all damages, losses, expenses and liabilities 
that the Owner may suffer in consequence thereof, as more fully set forth herein.  The Surety understands and 
agrees that the provision in the Contract that Owner shall retain certain amounts due the Contractor until the 
expiration of thirty days from the acceptance of the Work is intended for the Owner’s benefit, and Owner shall 
have the right to pay or withhold such retained amounts or any other amount owing under the Contract without 
changing or affecting the liability of the Surety hereon in any degree. It is further expressly agreed by Surety that 

  PERFORMANCE BOND 
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Owner or its representatives are at liberty at any time, without notice to the Surety, to make any change in the 
Contract Documents and in the Work to be done thereunder, as provided in the Contract, and in the terms and 
conditions thereof, or to make any change in, addition to, or deduction from the work to be done thereunder; and 
that such changes, if made, shall not in any way vitiate the obligation in this bond and undertaking or release the 
Surety therefrom. It is further expressly agreed an understood that the Contractor and Surety will fully indemnify 
and save harmless Owner from any liability, loss, cost, expense (including attorneys’ fees), or damage arising out 
of or in connection with the work done by the Contractor under the Contract.   
 
 This bond and all obligations created hereunder shall be performable in _____________ County, Texas.  
This bond is given in compliance with the provisions of Chapter 2253 of the Texas Government Code, as amended, 
and Section 17.183 of the Texas Water Code, as amended, both of which are incorporated herein by this reference.  
However, all of the express provisions hereof shall be applicable whether or not within the scope of said statutes. 
 
 IN WITNESS THEREOF, the said Contractor and Surety have signed and sealed this instrument on the 
respective dates written below their signatures and have attached current Power of Attorney. 
 
ATTEST, SEAL: (if a corporation)    __________________________________________ 
WITNESS:  (if not a corporation)    (Name of Contractor) 
 
 
 
By:  _______________________________________ By:  ______________________________________ 
 Name:         Name: 
 Title:        Title: 
         Date: 
 
 
ATTEST/WITNESS  (SEAL)    __________________________________________ 

    (Full Name of Surety) 
 
 
 
By:  _______________________________________ __________________________________________ 

Name:        (Address of Surety for Notice) 
Title:         

 Date:       __________________________________________ 
 
 
 
        By:  ______________________________________ 
         Name: 
         Title: 
         Date: 
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TEXAS STATUTORY PAYMENT BOND 

  
 
THE STATE OF TEXAS   § 
 
     §    KNOW ALL MEN BY THESE 
PRESENTS: 
  
THE COUNTY OF ________________ § 
 
 
 THAT WE, ____________________________________, as Principal, hereinafter called 
“Principal” and the other subscriber hereto _____________________________________, a 
corporation organized and existing under the laws of the State of ______________, licensed to 
business in the State of Texas and admitted to write bonds, as Surety, herein after called “Surety”, 
do hereby acknowledge ourselves to be held and firmly bound to the West Harris County 
Regional Water Authority “Owner”, in the sum of _________________ ($_______) for payment 
whereof, the said Principal and Surety bind themselves, and their heirs, administrators, 
executors, successors and assigns jointly and severally.  
 
THE CONDITIONS OF THIS OBLIGATION ARE SUCH THAT: 
 
 WHEREAS, Principal has entered into a certain contract with Owner, dated the _____ day 
of _______________, 20__, for 
____________________________________________________________ 
______________________________________________________________________________
___________, which contract is hereby referred to and made a part hereof as fully and to the 
same extent as if copied at length herein; and that bond shall be in the penal sum of not less than 
100 percent of the contract price and remain in effect for one year beyond the date of approval 
by the Engineer of the political subdivision. 
 
 NOW THEREFORE, the condition of this obligation is such that if Principal shall pay all 
claimants supplying labor and material to him or a subcontractor in the prosecution of the work 
provided for in said contract, then, this obligation shall be null and void; otherwise to remain in 
full force and effect; 
 
 PROVIDED, HOWEVER, that this bond is executed pursuant to the provisions of Chapter 
2253 of the Texas Government Code, as amended, and Section 17.183 of the Texas Water Code, 
as amended, both of which are incorporated herein by this reference, and all liabilities on this 
bond shall be determined in accordance with the provisions, conditions and limitations of said 
statutes to the same extent as if they were copied at length herein. 
 

 PAYMENT BOND 
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 IN WITNESS THEREOF, the said Principal and Surety have signed and sealed this 
instrument on the respective dates written below their signatures. 
ATTEST, SEAL: (if a corporation)  __________________________________________ 
WITNESS:  (if not a corporation)  (Name of Contractor) 
 
 
 
By: ________________________________  By:        
 Name:        Name: 
 Title:       Title: 
 Date:       Date: 
 
 
 
 
ATTEST/WITNESS  (SEAL)          

   (Full Name of Surety) 
 
 
 
By:               

Name:       (Address of Surety for Notice) 
Title:  

 Date:             
 
 
 
       By:        
        Name: 
        Title: 
        Date 
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CENTRAL PUMP STATION 
 

 
WARRANTY BOND 

 
WARRANTY BOND 

 
THE STATE OF TEXAS    § 
 

§ KNOW ALL MEN BY THESE PRESENTS: 
 
THE COUNTY OF ________________  § 
 
 
 THAT WE, ____________________________________, as Principal, hereinafter called 
“Principal” and the other subscriber hereto _____________________________________, a 
corporation organized and existing under the laws of the State of ______________, licensed to 
business in the State of Texas and admitted to write bonds, as Surety, herein after called “Surety”, 
do hereby acknowledge ourselves to be held and firmly bound to the West Harris County 
Regional Water Authority, “Owner”, in the sum of _________________ ($_______) for payment 
whereof, the said Principal and Surety bind themselves, and their heirs, administrators, 
executors, successors and assigns jointly and severally. 
 
THE CONDITIONS OF THIS OBLIGATION ARE SUCH THAT: 
 
 WHEREAS, the Principal has executed a Construction Contract, dated 
__________________, with Owner, Contract No. ________________ (the “Contract”), for 
construction of the _____________ Project (the “Project”), which contract is hereby referred to 
and made a part hereof as fully and to the same extent as if copied at length herein, including 
but not limited to the dispute resolution procedures provided therein. 
 
 NOW, THEREFORE, the condition of this obligation is such, that if the Principal shall 
maintain and remedy said Work free from defects in materials and workmanship for a period of 
twelve (12) months commencing on the date of Final Completion (the “Warranty Period”), then 
this obligation shall be void; otherwise it shall remain in full force and effect. 
 
 PROVIDED, HOWEVER, that any suit under this bond shall be commenced no later than 
four (4) years from the expiration date of the Warranty Period; provided, however, that if this 
limitation is prohibited by any law controlling the construction hereof, such limitation shall be 
deemed to be amended so as to be equal to the minimum period of limitation permitted by such 
law, and said period of limitation shall be deemed to have accrued and shall commence to run 
on the expiration date of the Warranty Period. 
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 IN WITNESS THEREOF, the said Principal and Surety have signed and sealed this 
instrument on the respective dates written below their signatures. 
 
 
 
 
ATTEST, SEAL: (if a corporation)  __________________________________________ 
WITNESS:  (if not a corporation)    (Name of Contractor) 
 
By:  ___________________________ By:  _________________________________ 

Name:       Name: 
Title:      Title: 
Date:      Date: 

 
 
 
 
ATTEST/WITNESS (SEAL)   _____________________________________ 

(Full Name of Surety) 
 
 
 
By:  __________________________  ______________________________________ 

Name:      (Mailing Address of Surety for Notice) 
Title: 
Date:     ______________________________________ 

 
___________________________________ 
(Physical Address of Surety) 

 
____________________________________ 

 
Phone Number of Surety: (___)_____________ 

 
By:  __________________________________ 

Name: 
Title: 
Date: 

 



General Conditions of the Construction Contract   
Agreement Between Owner and Contractor (Central Pump Station) 

 
 

                                   
 

              
 
 

 

THIS DOCUMENT IS A MODIFIED VERSION OF EJCDC® C-700 (REV. 1), COPYRIGHT 
© 2013 BY THE NATIONAL SOCIETY OF PROFESSIONAL ENGINEERS, AMERICAN 
COUNCIL OF ENGINEERING COMPANIES, AND AMERICAN SOCIETY OF CIVIL 
ENGINEERS, OR IS BASED IN PART ON EXCERPTS FROM COPYRIGHTED EJCDC 
DOCUMENTS. THOSE PORTIONS OF THE TEXT THAT ORIGINATED IN 
COPYRIGHTED EJCDC DOCUMENTS REMAIN SUBJECT TO THE COPYRIGHT. 

 

 

 

 

 

 

 

 

 

  

  

 



General Conditions of the Construction Contract   
Agreement Between Owner and Contractor (Central Pump Station) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 



 

General Conditions of the Construction Contract Page i 
Agreement Between Owner and Contractor (Central Pump Station) 

GENERAL CONDITIONS OF THE 
CONSTRUCTION CONTRACT 

 
TABLE OF CONTENTS 

Page 
Article 1 – Definitions and Terminology ........................................................................................ 1 

1.01 Defined Terms ........................................................................................................................ 1 

1.02 Terminology ........................................................................................................................... 8 

Article 2 – Preliminary Matters ..................................................................................................... 9 

2.01 Delivery of Bonds and Evidence of Insurance ........................................................................ 9 

2.02 Copies of Documents ............................................................................................................. 9 

2.03 Before Starting Construction ................................................................................................. 9 

2.04 Preconstruction Conference; Designation of Authorized Representatives ......................... 10 

2.05 Initial Acceptance of Schedules ........................................................................................... 10 

2.06 Electronic Transmittals ......................................................................................................... 10 

Article 3 – Documents: Intent, Requirements, Reuse ................................................................. 10 

3.01 Intent .................................................................................................................................... 10 

3.02 Reference Standards ............................................................................................................ 11 

3.03 Reporting and Resolving Discrepancies ............................................................................... 12 

3.04 Requirements of the Contract Documents .......................................................................... 13 

3.05 Reuse of Documents ............................................................................................................ 13 

Article 4 – Commencement and Progress of the Work ............................................................... 13 

4.01 Commencement of Contract Times; Notice to Proceed ...................................................... 13 

4.02 Starting the Work ................................................................................................................. 13 

4.03 Reference Points .................................................................................................................. 13 

4.04 Construction Schedule; Progress Schedule .......................................................................... 14 

4.05 Delays in Contractor’s Progress ........................................................................................... 14 

Article 5 – Availability of Lands; Subsurface and Physical Conditions; Hazardous Environmental 
Conditions ................................................................................................................................... 16 

5.01 Availability of Lands ............................................................................................................. 16 

5.02 Use of Site and Other Areas ................................................................................................. 16 

5.03 Subsurface and Physical Conditions ..................................................................................... 17 

5.04 Differing Subsurface or Physical Conditions ........................................................................ 18 

5.05 Underground Facilities ......................................................................................................... 20 

5.06 Hazardous Environmental Conditions at Site....................................................................... 22 

Article 6 – Bonds and Insurance .................................................................................................. 23 



 

General Conditions of the Construction Contract Page ii 
Agreement Between Owner and Contractor (Central Pump Station) 

6.01 Contractor’s Bonds ............................................................................................................... 23 

6.02 Insurance—General Provisions ............................................................................................ 24 

Article 7 – Contractor’s Responsibilities ...................................................................................... 24 

7.01 Supervision, Superintendence and Communication ............................................................ 24 

7.02 Labor; Working Hours .......................................................................................................... 25 

7.03 Services, Materials, and Equipment ..................................................................................... 25 

7.04 “Or Equals” ........................................................................................................................... 25 

7.05 Substitutes ........................................................................................................................... 27 

7.06 Concerning Subcontractors, Suppliers, and Others ............................................................. 29 

7.07 Patent Fees and Royalties .................................................................................................... 31 

7.08 Permits ................................................................................................................................. 31 

7.09 Taxes .................................................................................................................................... 31 

7.10 Laws and Regulations ........................................................................................................... 32 

7.11 Record Documents ............................................................................................................... 32 

7.12 Safety and Protection ........................................................................................................... 33 

7.13 Safety Representative .......................................................................................................... 34 

7.14 Hazard Communication Programs ....................................................................................... 34 

7.15 Emergencies ......................................................................................................................... 34 

7.16 Shop Drawings, Samples, and Other Submittals .................................................................. 34 

7.17 Contractor’s General Warranty and Guarantee................................................................... 36 

7.18 Indemnification .................................................................................................................... 37 

7.19 Delegation of Professional Design Services ......................................................................... 40 

Article 8 – Other Work at the Site ............................................................................................... 41 

8.01 Other Work .......................................................................................................................... 41 

8.02 Coordination ........................................................................................................................ 40 

8.03 Legal Relationships ............................................................................................................... 41 

Article 9 – Owner’s Responsibilities ............................................................................................ 42 

9.01 Communications to Contractor ............................................................................................ 42 

9.02 Replacement of Engineer ..................................................................................................... 42 

9.03 Furnish Data ......................................................................................................................... 42 

9.04 Pay When Due ...................................................................................................................... 42 

9.05 Lands and Easements; Reports, Tests, and Drawings .......................................................... 42 

9.06 Insurance .............................................................................................................................. 42 

9.07 Change Orders ...................................................................................................................... 42 

9.08 Inspections, Tests, and Approvals ........................................................................................ 42 



 

General Conditions of the Construction Contract Page iii 
Agreement Between Owner and Contractor (Central Pump Station) 

9.09 Limitations on Owner’s Responsibilities .............................................................................. 42 

9.10 Undisclosed Hazardous Environmental Condition ............................................................... 42 

9.11 Evidence of Financial Arrangements .................................................................................... 44 

Article 10 – Engineer’s Status During Construction ..................................................................... 43 

10.01 Owner’s Representative ....................................................................................................... 43 

10.02 Visits to Site .......................................................................................................................... 43 

10.03 Project Representative ......................................................................................................... 43 

10.04 Rejecting Defective Work ..................................................................................................... 43 

10.05 Shop Drawings, Change Orders and Payments .................................................................... 43 

10.06 Determinations for Unit Price Work .................................................................................... 44 

10.07 Decisions on Requirements of Contract Documents and Acceptability of Work ................ 44 

10.08 Limitations on Engineer’s Authority and Responsibilities .................................................... 44 

10.09 Compliance with Safety Program ......................................................................................... 46 

Article 11 – Amending the Contract Documents; Changes in the Work ...................................... 45 

11.01 Amending and Supplementing Contract Documents .......................................................... 45 

11.02 Owner-Authorized Changes in the Work ............................................................................. 45 

11.03 Unauthorized Changes in the Work ..................................................................................... 46 

11.04 Change of Contract Price ..................................................................................................... 46 

11.05 Change of Contract Times .................................................................................................... 47 

11.06 Change Proposals ................................................................................................................. 47 

11.07 Execution of Change Orders ................................................................................................. 48 

11.08 Notification to Surety ........................................................................................................... 48 

Article 12 – Claims and Disputes ................................................................................................. 48 

12.01 Claims ................................................................................................................................... 48 

Article 13 – Cost of the Work; Allowances; Unit Price Work ....................................................... 50 

13.01 Cost of the Work .................................................................................................................. 50 

13.02 Allowances ........................................................................................................................... 52 

13.03 Unit Price Work .................................................................................................................... 53 

Article 14 – Tests and Inspections; Correction, Removal or Acceptance of Defective Work ....... 53 

14.01 Access to Work ..................................................................................................................... 53 

14.02 Tests, Inspections, and Approvals ........................................................................................ 54 

14.03 Defective Work..................................................................................................................... 54 

14.04 Acceptance of Defective Work ............................................................................................. 55 

14.05 Uncovering Work ................................................................................................................. 55 

14.06 Owner May Stop the Work .................................................................................................. 56 



 

General Conditions of the Construction Contract Page iv 
Agreement Between Owner and Contractor (Central Pump Station) 

14.07 Owner May Correct Defective Work .................................................................................... 56 

Article 15 – Payments to Contractor; Set-Offs; Completion; Correction Period .......................... 57 

15.01 Progress Payments ............................................................................................................... 57 

15.02 Contractor’s Warranty of Title ............................................................................................. 62 

15.03 Substantial Completion ........................................................................................................ 61 

15.04 Partial Use or Occupancy ..................................................................................................... 62 

15.05 Final Inspection .................................................................................................................... 62 

15.06 Final Payment ....................................................................................................................... 62 

15.07 Waiver of Claims .................................................................................................................. 64 

15.08 Correction Period ................................................................................................................. 64 

Article 16 – Suspension of Work and Termination ...................................................................... 65 

16.01 Owner May Suspend Work .................................................................................................. 65 

16.02 Owner May Terminate for Cause ......................................................................................... 65 

16.03 Owner May Terminate For Convenience ............................................................................. 66 

16.04 Contractor May Stop Work or Terminate ............................................................................ 66 

Article 17 – Final Resolution of Disputes ..................................................................................... 67 

17.01 Methods and Procedures ..................................................................................................... 68 

Article 18 – Miscellaneous .......................................................................................................... 67 

18.01 Giving Notice ........................................................................................................................ 67 

18.02 Computation of Times .......................................................................................................... 67 

18.03 Cumulative Remedies .......................................................................................................... 67 

18.04 Limitation of Damages ......................................................................................................... 67 

18.05 No Waiver ............................................................................................................................ 67 

18.06 Survival of Obligations ......................................................................................................... 67 

18.07 Headings ............................................................................................................................... 68 

 



 

General Conditions of the Construction Contract  Page 1 of 68 
Agreement Between Owner and Contractor (Central Pump Station) 

ARTICLE 1 – DEFINITIONS AND TERMINOLOGY 

1.01 Defined Terms 

A. Wherever used in the Bidding Requirements or Contract Documents, a term printed with 
initial capital letters, including the term’s singular and plural forms, will have the meaning 
indicated in the definitions below. In addition to terms specifically defined, terms with initial 
capital letters in the Contract Documents include references to identified articles and 
paragraphs, and the titles of other documents or forms. 

1. Addenda—Written or graphic instruments issued prior to the opening of Bids which 
clarify, correct, or change the Bidding Requirements or the proposed Contract 
Documents. 

2. Agreement or Contract—The written instrument with an effective date of 
_________________, 20__, executed by Owner and Contractor, that sets forth the 
Contract Price and Contract Times, identifies the parties and the Engineer, and 
designates the specific items that are Contract Documents. 

3. Allowance - A maximum amount established in the Bidding Documents for expenditure 
by the Contractor for the Work, or for certain materials and/or equipment to be 
installed in the Project, the cost of which may be unknown or undetermined at the time 
of establishing the Contract Price, and such other allowances as are expressly described 
in the Agreement.  

4. Application for Payment—The form required by Exhibit 12 of the Agreement, which is 
to be used by Contractor during the course of the Work in requesting progress or final 
payments and which is to be accompanied by such supporting documentation as is 
required by the Contract Documents. 

5. Approval or Approved - The written approval of Owner, and, as applicable, the Engineer, 
where expressly required herein.  Owner may exercise the right of Approval in its sole 
discretion.  Owner’s Approval shall also require formal approval of Owner’s Board of 
Directors whenever Board approval is expressly required by this Agreement, or is 
otherwise required by Owner.  The act of an Approval shall not constitute a waiver of 
Owner’s rights hereunder or excuse the Contractor from fulfilling its obligations to 
perform in accordance with the Contract Documents. 

6. As-Builts - The Contractor’s detailed record certified by Contractor showing the accurate 
location of all elements of the Project as constructed, the delivery of which As-Builts 
shall constitute Contractor’s representation and warranty that such information is 
complete and accurate. 

7. Bid—The offer of a Bidder submitted on the prescribed form setting forth the prices for 
the Work to be performed. 

8. Bidder—An individual or entity that submits a Bid to Owner. 

9. Bidding Documents—The Bidding Requirements, the proposed Contract Documents, 
and all Addenda. 

10. Bidding Requirements—The advertisement or invitation to bid, Instructions to Bidders, 
Bid Bond or other Bid security, if any, the Bid Form, and the Bid with any attachments. 

11. Board shall mean the West Harris County Regional Water Authority Board of Directors, 
which is the governing body of the Owner. 
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12. Change Order—A document in the form of change order required by Exhibit 13 of the 
Agreement which is signed by Contractor and Owner and authorizes an addition, 
deletion, or revision in the Work or an adjustment in the Contract Price or the Contract 
Times, or other revision to the Contract, issued on or after the Effective Date of the 
Contract. 

13. Change Proposal—A written request by Contractor, duly submitted in compliance with 
the procedural requirements set forth herein, seeking an adjustment in Contract Price 
or Contract Times, or both; contesting a decision by Engineer concerning the 
requirements of the Contract Documents or the acceptability of Work under the 
Contract Documents; challenging a set-off against payments due; or seeking other relief 
with respect to the terms of the Contract. 

14. Claim—A Claim is any demand or assertion by the Contractor that it should be paid more 
money than the Contract Price or granted more contract time by the Owner because of 
action or inaction on the part of Owner or any Owner representative, including the 
Engineer, or any party for whom Owner is responsible, or any party with whom Owner 
has separately contracted for other portions of the Project, including, but not limited to, 
any demand or assertion that Contractor’s performance has been delayed, interrupted 
or interfered with, that Contractor’s performance has been accelerated, constructively 
accelerated, or suspended, that Contractor’s performance has been wrongfully 
terminated, that the Contract Documents have been misinterpreted, that there has 
been a failure of payment, that Contractor has encountered concealed, unknown or 
differing conditions, that Contractor has encountered hazardous materials, that there 
are problems with the Contract Documents, or the timing of approvals or decisions, that 
actions of the Owner have been intentionally wrongful or deceptive, that Owner is 
directly or indirectly guilty of negligence or an intentional tort related in any way to the 
Work, that the amount of time or money granted in a Work Change Directive is 
inadequate, that an item treated as a minor change in the Work should have been 
treated as a Change Order, that a time extension grant was inadequate, that there has 
been a breach of contract, or that Contractor is entitled to any other relief, on any legal 
or equitable theory, related to the Work or the Contract.  This definition of Claim is not 
intended to create any right of action where the right of action does not otherwise exist 
under applicable law or other provisions of this Contract. 

15. Construction Project Management Software or CPMS - The Owner’s designated Web-
based collaborative sharing, project communication and information management 
system for the Project.  For the avoidance of doubt, the CPMS also includes all Work 
Product, information and data that is stored therein. 

16. Confidential Information - All data and information of Owner, including all Work 
Product, which Owner owns and hereby designates as its proprietary and/or 
confidential property, including but not be limited to, trade secrets, know-how, 
inventions, techniques, processes, algorithms, software programs, source code, 
schematics, designs, contracts, vendor and contractor lists, financial information, 
operational plans and schedules and business information in any way relating to the 
Project. 

17. Constituent of Concern—Asbestos, petroleum, radioactive materials, polychlorinated 
biphenyls (PCBs), hazardous waste, and any substance, product, waste, or other 
material of any nature whatsoever that is or becomes listed, regulated, or addressed 
pursuant to (a) the Comprehensive Environmental Response, Compensation and 
Liability Act, 42 U.S.C. §§9601 et seq. (“CERCLA”); (b) the Hazardous Materials 
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Transportation Act, 49 U.S.C. §§5101 et seq.; (c) the Resource Conservation and 
Recovery Act, 42 U.S.C. §§6901 et seq. (“RCRA”); (d) the Toxic Substances Control Act, 
15 U.S.C. §§2601 et seq.; (e) the Clean Water Act, 33 U.S.C. §§1251 et seq.; (f) the Clean 
Air Act, 42 U.S.C. §§7401 et seq.; or (g) any other federal, state, or local statute, law, 
rule, regulation, ordinance, resolution, code, order, or decree regulating, relating to, or 
imposing liability or standards of conduct concerning, any hazardous, toxic, or 
dangerous waste, substance, or material. 

18. Construction Documents - The documents issued by the DPOR and/or Engineer and 
approved by the Owner, setting forth in detail the requirements for construction of the 
Project, including the Drawings and Specifications that establish in detail the quality 
levels of materials and systems required for the Project, as well as any compilation of all 
or a part of the Construction Documents that may be included in the Project Manual.  

19. Construction Schedule - The CPM schedule included in Exhibit 14 of the Agreement, and 
any update thereto, prepared by the Contractor and approved in writing by the Owner, 
which specifies the date(s) on which the Contractor plans to begin and complete various 
parts of the Work, including dates for key milestones and other major components of 
the Work, and the times when certain information and/or approvals from the Owner 
and/or Engineer are required. 

20. Contract Documents—Those items so designated in the Agreement, and which together 
comprise the Contract.  In the event of a conflict, ambiguity or inconsistency that cannot 
be resolved by interpreting the Contract Documents as a single, integrated document 
and giving effect to each provision therein, the Contract Document higher in 
precedence shall control and supersede the Contract Documents lower in precedence 
in accordance with the following listing arranged from the highest to the lowest in 
precedence: 

a. Contract Amendments to the Agreement; 

b. The Agreement; 

c. Change Orders to the Work; 

d. The Supplementary Conditions; 

e. The General Conditions; 

f. Exhibits to the Agreement; 

g. General Requirements (Division 1 Specifications); 

h. Other Specifications; 

i. Detail Drawings; and 

j. Drawings. 

21. Contract Price—The money that Owner has agreed to pay Contractor for completion of 
the Work in accordance with the Contract Documents. 

22. Contract Times—The number of days or the dates by which Contractor shall: (a) achieve 
Milestones, if any; (b) achieve Substantial Completion; and (c) complete the Work. 

23. Contractor—The individual, firm, corporation, or other business entity identified as such 
in the Agreement including its authorized representatives with whom Owner has 
entered into the Contract for performance of the Work.  The Contractor may also be 
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referred to as the “Bidder” or “Offeror” in the Contract Documents both of which will 
be understood to mean the “Contractor” as identified in the Agreement. 

24. Cost of the Work—See Paragraph 13.01 for definition. 

25. Critical Path – The series of critical tasks that must finish on time for the entire Project 
to finish on schedule.  Such critical tasks comprising the Critical Path have been precisely 
identified by Contractor in its Construction Schedule and each progress schedule 
through implementation of the Critical Path Method (“CPM”). 

26. Design Professional of Record or DPOR - The individual or entity named as such in the 
Agreement.  Owner in its sole discretion may designate a different person or entity as 
DPOR at any time by providing written notice to Contractor of such change. 

27. Dispute – a Claim, dispute, or controversy that arises out of or relates to this Agreement, 
Owner's or Contractor’s performance under this Agreement, or the relationship or 
obligations of the parties. 

28. Drawings— Those portions of the Contract Documents which are graphic and pictorial  
representations of the scope, extent and character of the Work to be furnished and 
performed by Contractor and which have been approved by Owner.  Drawings may 
include plans, elevations, sections, details, schedules and diagrams.  Shop Drawings are 
not Drawings as so defined. 

29. Effective Date of the Contract—The date indicated in the Agreement on which the 
Contract becomes effective. 

30. Engineer—The individual or entity named as such in the Agreement.  Owner in its sole 
discretion may designate a different person or entity as Engineer at any time by 
providing written notice to Contractor of such change. 

31. Field Order—A written order issued by Engineer which requires minor changes in the 
Work but does not change the Contract Price or the Contract Times. 

32. Final Completion - The completion of all Punch List Work and the issuance of Owner’s 
certificate of Final Completion after fulfillment of all other conditions precedent to Final 
Completion, as set forth in Paragraph 15.06. 

33. Hazardous Environmental Condition—The presence at the Site of Constituents of 
Concern in such quantities or circumstances that may present a danger to persons or 
property exposed thereto.  The presence at the Site of materials that are necessary for 
the execution of the Work, or that are to be incorporated in the Work, and that are 
controlled and contained pursuant to industry practices, Laws and Regulations, and the 
requirements of the Contract, does not establish a Hazardous Environmental Condition. 

34. Indemnified Parties – The West Harris County Regional Water Authority, the North Fort 
Bend Water Authority, DPOR, and Engineer, and each of their respective affiliates, 
officers, directors, board members, employees, agents, successors and assigns. 

35. Laws or Regulations—Any and all applicable laws, statutes, rules, regulations, 
ordinances, codes, and orders of any and all governmental bodies, agencies, authorities, 
and courts having jurisdiction. 

36. Liens—Charges, security interests, or encumbrances upon Contract-related funds, real 
property, or personal property. 
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37. Milestone—A principal event in the performance of the Work that the Contract requires 
Contractor to achieve by an intermediate completion date or by a time prior to 
Substantial Completion of all the Work. 

38. Notice of Award—The written notice by Owner to a Bidder of Owner’s acceptance of 
the Bid. 

39. Notice to Proceed—A written notice by Owner to Contractor fixing the date on which 
the Contract Times will commence to run and on which Contractor shall start to perform 
the Work. 

40. Owner—The West Harris County Regional Water Authority, its successors in interest, 
and its authorized representatives. 

41. Parent Company – The individual or entity named as such in the Agreement, which owns 
all of or a controlling interest in the stock of Contractor’s corporate entity. 

42. Project—The total undertaking to be accomplished for Owner by engineers, contractors, 
and others, including planning, study, design, construction, testing, commissioning, and 
start-up, and of which the Work to be performed under the Contract Documents is a 
part. 

43. Project Manual—The written documents prepared for, or made available for, procuring 
and constructing the Work, including but not limited to the Bidding Documents or other 
construction procurement documents, geotechnical and existing conditions 
information, the Agreement, bond forms, General Conditions, Supplementary 
Conditions, and Specifications. The contents of the Project Manual may be bound in one 
or more volumes. 

44. Punch List Work - Minor incomplete items and/or repairs that remain to be completed 
to achieve Final Completion, but which do not impair the Owner’s beneficial use of the 
Project, or the safety of individuals, and which are identified during inspections of the 
Work or any portion thereof, whether at, before, or after Substantial Completion 
thereof, and which must be completed as a condition precedent to Final Completion. 

45. Project Team - The Owner, DPOR, Engineer, and Contractor.  Subject to Approval, the 
Project Team members will be designated by each of the foregoing participants in the 
Project.  The constitution of the Project Team may vary at different phases of the 
Project.  The Project Team may be designated by Owner and may be modified from time 
to time by Owner, in its sole discretion.   

46. Record Documents - The comprehensive set of all Drawings and Specifications that 
include any modifications to the Contract Documents effected by such instruments as: 
Contract Amendments, Change Orders, Field Orders, responses to requests for 
information, supplemental instructions, approvals of substitutions, and any other items 
that result in a change to the Contract Documents.  Record Documents shall be 
maintained and generated using the CPMS. 

47. Resident Project Representative—The authorized representative of Engineer assigned 
to assist Engineer at the Site. As used herein, the term Resident Project Representative 
or “RPR” includes any assistants or field staff of Resident Project Representative. 

48. Samples—Physical examples of materials, equipment, or workmanship that are 
representative of some portion of the Work and that establish the standards by which 
such portion of the Work will be judged. 
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49. Schedule of Submittals—A schedule, prepared and maintained by Contractor in the form 
required by Exhibit 8 of the Agreement, of required submittals and the time 
requirements for Engineer’s review of the submittals and the performance of related 
construction activities. 

50. Separate Contractor(s) - Any contractor(s) engaged directly by the Owner (other than 
Contractor) to perform construction or other services on any Worksite relating to: the 
Project, the operation or maintenance of Owner’s property, or any of the other projects 
comprising the Surface Water Supply Project. 

51. Shop Drawings—All drawings, diagrams, illustrations, schedules, and other data or 
information that are specifically prepared or assembled by or for Contractor and 
submitted by Contractor to illustrate some portion of the Work.  Shop Drawings, 
whether approved or not, are not Drawings and are not Contract Documents. 

52. Site(s) or Worksite(s)—Lands or areas indicated in the Contract Documents as being 
furnished by Owner upon which the Work is to be performed, including rights-of-way 
and easements, and such other lands furnished by Owner which are designated for the 
use of Contractor. 

53. Specifications—The part of the Contract Documents that consists of written 
requirements for materials, equipment, systems, standards, and workmanship as 
applied to the Work, and certain administrative requirements and procedural matters 
applicable to the Work. 

54. Standard of Care – Refer to Paragraph 8.01 of the Agreement. 

55. Subcontractor - Any entities or persons entering into any Subcontract with the 
Contractor for the construction of the Work, and including any Supplier who provides, 
at the Worksite, technical assistance or other services.  The term “Subcontractor” also 
includes any Sub-subcontractor. 

56. Sub-subcontractor is a person or entity (including its authorized representative) who 
contracts with a Subcontractor or Supplier to perform a portion of the Work.  An entity 
or person who contracts with a Sub-subcontractor to perform a portion of the Work is 
also considered a Sub-subcontractor. 

57. Subcontract - Any contract between Contractor and its Subcontractors. 

58. Submittal(s) - Shop Drawings, product data, samples, mockups and similar items 
required by the Construction Documents for the purpose of demonstrating how the 
Contractor proposes to conform certain portions of the Work to the requirements of, 
and the design concepts expressed in, the Contract Documents.  Submittals, whether 
approved or not, are not Contract Documents. 

59. Substantial Completion—The time at which the Work (or a specified part thereof) has 
progressed to the point where, in the opinion of Engineer, the Work (or a specified part 
thereof) is sufficiently complete, in accordance with the Contract Documents, so that 
the Work (or a specified part thereof) can be utilized for the purposes for which it is 
intended. The terms “substantially complete” and “substantially completed” as applied 
to all or part of the Work refer to Substantial Completion thereof. 

60. Successful Bidder—The Bidder whose Bid the Owner accepts, and to which the Owner 
makes an award of contract, subject to stated conditions. 

61. Supplementary Conditions—The part of the Contract that amends or supplements these 
General Conditions.  
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62. Supplier—A manufacturer, fabricator, supplier, distributor, materialman, or vendor 
having a direct contract with Contractor or with any Subcontractor to furnish materials 
or equipment to be incorporated in the Work by Contractor or a Subcontractor. 

63. Technical Data—Those items expressly identified as Technical Data in the 
Supplementary Conditions, with respect to either (a) subsurface conditions at the Site, 
or physical conditions relating to existing surface or subsurface structures at the Site 
(except Underground Facilities) or (b) Hazardous Environmental Conditions at the Site. 
If no such express identifications of Technical Data have been made with respect to 
conditions at the Site, then the data contained in boring logs, recorded measurements 
of subsurface water levels, laboratory test results, and other factual, objective 
information regarding conditions at the Site that are set forth in any geotechnical or 
environmental report prepared for the Project and made available to Contractor are 
hereby defined as Technical Data with respect to conditions at the Site under 
Paragraphs 5.03, 5.04, and 5.06. 

64. Underground Facilities—All underground pipelines, conduits, ducts, cables, wires, 
manholes, vaults, tanks, tunnels, or other such facilities or attachments, and any 
encasements containing such facilities, including but not limited to those that convey 
electricity, gases, steam, liquid petroleum products, telephone or other 
communications, fiber optic transmissions, cable television, water, wastewater, storm 
water, other liquids or chemicals, or traffic or other control systems. 

65. Unit Price Work—Work to be paid for on the basis of unit prices. 

66. Work—The entire construction or the various separately identifiable parts thereof 
required to be provided under the Contract Documents. Work includes and is the result 
of performing or providing all labor, services, and documentation necessary to produce 
such construction; furnishing, installing, and incorporating all materials and equipment 
into such construction; and may include related services such as testing, start-up, and 
commissioning, all as required by the Contract Documents. 

67. Work Product - All Construction Documents, designs, Drawings, Specifications, 
Submittals, contracts,  instruments of service, estimates, software created for this 
Project, and all plans, data compilations or calculations, studies, reports, or other 
documents which are prepared by or on behalf of the Owner, Contractor, DPOR, 
Engineer, or any other service provider, in connection with this Project, the Surface 
Water Supply Project, or the Work, which Work Product shall, except as otherwise set 
forth in the Agreement, be and remain the exclusive property of Owner, the use of 
which shall not be made or permitted by Contractor except in connection with the 
Project without Owner’s prior written consent. 

68. Work Change Directive—A written directive to Contractor issued on or after the 
Effective Date of the Contract, signed by Owner and recommended by Engineer, 
ordering an addition, deletion, or revision in the Work. 

69. Worksite Finds - The unexpected discovery at, on or near the Worksite of any 
archeological, paleontological, or cultural resources or any threatened or endangered 
biological species listed as such at the time of discovery by applicable Laws and 
Regulations. 

1.02 Terminology 

A. The words and terms discussed in the following paragraphs are not defined but, when used 
in the Bidding Requirements or Contract Documents, have the indicated meaning. 
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B. Intent of Certain Terms or Adjectives: 

1. The Contract Documents include the terms “as allowed,” “as approved,” “as ordered,” 
“as directed” or terms of like effect or import to authorize an exercise of professional 
judgment by DPOR or Engineer. In addition, the adjectives “reasonable,” “suitable,” 
“acceptable,” “proper,” “satisfactory,” or adjectives of like effect or import are used to 
describe an action or determination of DPOR or Engineer as to the Work. It is intended 
that such exercise of professional judgment, action, or determination will be solely to 
evaluate, in general, the Work for compliance with the information in the Contract 
Documents and with the design concept of the Project as a functioning whole as shown 
or indicated in the Contract Documents (unless there is a specific statement indicating 
otherwise). The use of any such term or adjective is not intended to and shall not be 
effective to assign to DPOR or Engineer any duty or authority to supervise or direct the 
performance of the Work, or any duty or authority to undertake responsibility contrary 
to the provisions of Article 10 or any other provision of the Contract Documents. 

C. Day: 

1. The word “day” means a calendar day of 24 hours measured from midnight to the next 
midnight. 

D. Defective: 

1. The word “defective,” when modifying the word “Work,” refers to Work that is 
unsatisfactory, faulty, or deficient in that it: 

a. does not conform to the Contract Documents; or 

b. does not meet the requirements of any applicable inspection, reference standard, 
test, or approval referred to in the Contract Documents; or 

c. has been damaged prior to Engineer’s recommendation of final payment (unless 
responsibility for the protection thereof has been assumed by Owner at Substantial 
Completion in accordance with Paragraph 15.03 or 15.04). 

E. Furnish, Install, Perform, Provide: 

1. The word “furnish,” when used in connection with services, materials, or equipment, 
shall mean to supply and deliver said services, materials, or equipment to the Site (or 
some other specified location) ready for use or installation and in usable or operable 
condition. 

2. The word “install,” when used in connection with services, materials, or equipment, 
shall mean to put into use or place in final position said services, materials, or equipment 
complete and ready for intended use. 

3. The words “perform” or “provide,” when used in connection with services, materials, or 
equipment, shall mean to furnish and install said services, materials, or equipment 
complete and ready for intended use. 

4. If the Contract Documents establish an obligation of Contractor with respect to specific 
services, materials, or equipment, but do not expressly use any of the four words 
“furnish,” “install,” “perform,” or “provide,” then Contractor shall furnish and install 
said services, materials, or equipment complete and ready for intended use. 

F. Unless stated otherwise in the Contract Documents, words or phrases that have a well-
known technical or construction industry or trade meaning are used in the Contract 
Documents in accordance with such recognized meaning. 
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ARTICLE 2 – PRELIMINARY MATTERS 

2.01 Delivery of Bonds and Evidence of Insurance 

A. Bonds: When Contractor delivers the executed counterparts of the Agreement to Owner, 
Contractor shall also deliver to Owner the bonds listed in Paragraph 11.01 of the Agreement. 

B. When Contractor delivers the executed counterparts of the Agreement to Owner, Contractor 
shall also deliver to Owner, with copies to each named insured and additional insured (as 
identified in the Supplementary Conditions or elsewhere in the Contract), the certificates and 
other evidence of insurance required to be provided by Contractor in accordance with Article 
6. 

2.02 Copies of Documents 

A. Owner shall furnish to Contractor four printed copies of the Contract (including one fully 
executed counterpart of the Agreement), and one copy in electronic portable document 
format (PDF). Additional printed copies will be furnished upon request at the cost of 
reproduction. 

B. Owner shall maintain and safeguard at least one original printed record version of the 
Contract, including Drawings and Specifications signed and sealed by Engineer and other 
design professionals.  Owner shall make such original printed record version of the Contract 
available to Contractor for review. Owner may delegate the responsibilities under this 
provision to Engineer. 

2.03   Before Starting Construction 

A. Schedules: Within 30 days after  the earlier of the date referenced in the Notice to Proceed 
or the date of Contractor’s submission of the first Application for Payment, Contractor shall 
submit the following schedules to Engineer for review: 

1. a Construction Schedule indicating the times (numbers of days or dates) for starting and 
completing the various stages of the Work, including the Critical Path and any 
Milestones specified in the Contract. Upon Approval, the Construction Schedule shall be 
incorporated into the Agreement as Exhibit 14 of the Agreement; 

2. a Schedule of Submittals. Upon Approval, the Schedule of Submittals shall be 
incorporated into the Agreement as Exhibit 8 of the Agreement; and 

3. a preliminary schedule of payments showing projected cash flow. 

2.04 Preconstruction Conference; Designation of Authorized Representatives 

A. Before any Work at the Site is started, a conference shall be attended by Owner, Contractor, 
Engineer, and others as appropriate to establish a working understanding among the parties 
as to the Work and to discuss the schedules referred to in Paragraph 2.03.A, procedures for 
handling Shop Drawings, Samples, and other submittals, processing Applications for 
Payment, electronic or digital transmittals, and maintaining required records. 

B. At this conference Owner and Contractor each shall designate, in writing, a specific individual 
to act as its authorized representative with respect to the services and responsibilities under 
the Contract.  Such individuals shall have the authority to transmit and receive information, 
render decisions relative to the Contract, and otherwise act on behalf of each respective 
party. 
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2.05 Initial Acceptance of Schedules 

A. At least 10 days before submission of the first Application for Payment a conference, 
attended by Contractor, Engineer, and others as appropriate, will be held to review for 
acceptability to Engineer as provided below the schedules submitted in accordance with 
Paragraph 2.03.A. Contractor shall have an additional 10 days to make corrections and 
adjustments and to complete and resubmit the schedules. No progress payment shall be 
made to Contractor until acceptable schedules are submitted to Engineer. 

1. Contractor's schedule of payments will be acceptable if the Engineer determines it 
provides a reasonable projection of payments in relationship to the progress schedule 
and the Contractor’s Bid (Exhibit 1 of the Agreement). 

2.06 Electronic Transmittals 

A. Except as otherwise stated elsewhere in the Contract, the Owner, Engineer, and Contractor 
may transmit, and shall accept, Project-related correspondence, text, data, documents, 
drawings, information, and graphics, including but not limited to Shop Drawings and other 
submittals, in electronic media or digital format through access to the CPMS. 

B. The Contractor shall comply with the protocols for electronic or digital transmittals, as set 
forth in the Acknowledgement of Data Use Protocols (Exhibit 7 of the Agreement). 

C. When transmitting items in electronic media or digital format, the transmitting party makes 
no representations as to long term compatibility, usability, or readability of the items 
resulting from the recipient’s use of software application packages, operating systems, or 
computer hardware differing from those used in the drafting or transmittal of the items, or 
from those established in applicable transmittal protocols. 

ARTICLE 3 – DOCUMENTS: INTENT, REQUIREMENTS, REUSE 

3.01 Intent 

A. The Contract Documents are complementary and are intended to include all items required 
for the proper execution and completion of the Work.  The enumeration of any portion of 
the Work shall not be construed to exclude other items contemplated by or reasonably 
inferable from the Contract Documents.  If the Contract Documents contain differing 
provisions on the same subject matter, then, notwithstanding Paragraph 1.01.A.20, and 
unless expressly excused by Owner in writing, the provision that establishes the higher 
quality, manner or method of performing the Work, or uses the more stringent standard, will 
prevail. 

B. It is the intent of the Contract Documents to describe a functionally complete project (or part 
thereof) to be constructed in accordance with the Contract Documents. 

C. Unless otherwise stated in the Contract Documents, if there is a discrepancy between the 
electronic or digital versions of the Contract Documents (including any printed copies derived 
from such electronic or digital versions) and the printed record version, the printed record 
version shall govern. 

D. The Contract supersedes prior negotiations, representations, and agreements, whether 
written or oral. 

E. Engineer will issue clarifications and interpretations of the Contract Documents as provided 
herein. 
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F. Specifications indicate types, qualities, and locations of installation of the various materials 
and equipment required for the Work.  Specifications will not mention every item of Work 
shown on the Drawings, and Drawings will not show all items of Work described by the 
Specifications.  Work shown on the Drawings, described in the Specifications, or reasonably 
inferable therefrom shall be provided by Contractor to produce a functionally complete 
Project.  Organization of the Specifications into divisions, sections and articles, and 
arrangement of Drawings, shall not control the Contractor in dividing the Work among 
Subcontractors or in establishing the extent of Work to be performed by any trade.  Where 
provisions in two or more of the Contract Documents are complementary, the more detailed 
provision shall control over the more general provision.  When specific products, systems or 
items of equipment are referred to in the Contract Documents, any ancillary devices 
necessary for proper functioning shall also be provided. 

G. If the Contractor’s response to a request by the Owner for pricing information or 
qualifications includes statements, terms, services or work that can reasonably be 
interpreted as offers at no additional cost to Owner to provide higher quality items than 
otherwise required by the Contract Documents, or to perform services or work meeting 
standards better than those otherwise required herein, or otherwise contain terms that are 
more advantageous or provide greater value to Owner than the requirements of the Contract 
Documents, then Contractor’s obligations hereunder shall, unless expressly excluded by the 
Contract Documents, include compliance with all such statements, terms, services or Work, 
which shall take priority. 

H. The most recently issued document takes precedence over previously issued forms of the 
same document.  Dimensions on Drawings shall govern scale measurements.  Items shown 
one place in the Drawings, but not another, or called for in the Construction Documents or 
the Specifications but not shown in the Drawings, or shown in the Drawings but not in 
another of the Construction Documents, are to be included.  If existing conditions are 
inconsistent with dimensions shown on Drawings and Specifications, the Contractor shall 
request information in writing from the Engineer to resolve the same prior to the time when 
the Work affected by such inconsistency must be commenced. 

3.02 Reference Standards 

A. Standards Specifications, Codes, Laws and Regulations 

1. Reference in the Contract Documents to standard specifications, manuals, reference 
standards, or codes of any technical society, organization, or association, or to Laws or 
Regulations, whether such reference be specific or by implication, shall mean the 
standard specification, manual, reference standard, code, or Laws or Regulations in 
effect at the time of opening of Bids, except as may be otherwise specifically stated in 
the Contract Documents.  In the event of inconsistencies between the Contract 
Documents and standards, codes, and ordinances applicable to the trade Work 
performed by or through the Contractor, the Contractor shall comply with the 
applicable standard, code, and/or ordinance, unless a more stringent standard is set out 
in the Contract Documents.  The current edition of manufacturer’s instructions and 
guarantees referenced in the Contract Documents shall be applicable.  References to 
standards, codes, ordinances, manufacturer’s instructions and guarantees shall apply in 
full, except they shall not supersede more stringent standards set out in the Contract 
Documents.  If the Contractor becomes aware that any requirements set out in the 
Contract Documents are inconsistent with applicable standards, codes, ordinances or 
manufacturer instructions and guarantees, the Contractor shall promptly bring such 
inconsistency to the attention of the Engineer for resolution. 
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2. No provision of any such standard specification, manual, reference standard, or code, 
or any instruction of a Supplier, shall be effective to diminish the duties or 
responsibilities of Contractor or any of its subcontractors, consultants, agents, or 
employees, from those set forth in the part of the Contract Documents prepared by or 
for Engineer. No such provision or instruction shall be effective to assign to Owner, 
Engineer, or any of their officers, directors, members, partners, employees, agents, 
consultants, or subcontractors, any duty or authority to supervise or direct the 
performance of the Work or any duty or authority to undertake responsibility 
inconsistent with the provisions of the part of the Contract Documents prepared by or 
for Engineer. 

3.03 Reporting and Resolving Discrepancies 

A. Reporting Discrepancies: 

1. Contractor’s Verification of Figures and Field Measurements: Before undertaking each 
part of the Work, Contractor shall carefully study the Contract Documents, and check 
and verify pertinent figures and dimensions therein, particularly with respect to 
applicable field measurements. Contractor shall promptly report in writing to Engineer 
any conflict, error, ambiguity, or discrepancy that Contractor discovers, or has actual 
knowledge of, and shall not proceed with any Work affected thereby until the conflict, 
error, ambiguity, or discrepancy is resolved, by a clarification or interpretation by 
Engineer, or by an amendment or supplement to the Contract Documents issued 
pursuant to Paragraph 11.01. 

2. Contractor’s Review of Contract Documents: If, before or during the performance of the 
Work, Contractor discovers any conflict, error, ambiguity, or discrepancy within the 
Contract Documents, or between the Contract Documents and (a) any applicable Law 
or Regulation, (b) actual field conditions, (c) any standard specification, manual, 
reference standard, or code, or (d) any instruction of any Supplier, then Contractor shall 
promptly report it to Engineer in writing. Contractor shall not proceed with the Work 
affected thereby (except in an emergency as required by Paragraph 7.15) until the 
conflict, error, ambiguity, or discrepancy is resolved, by a clarification or interpretation 
by Engineer, or by an amendment or supplement to the Contract Documents issued 
pursuant to Paragraph 11.01. 

3. Subject to Paragraph 9.01.C of the Agreement, Contractor shall not be liable to Owner 
or Engineer for failure to report any conflict, error, ambiguity, or discrepancy in the 
Contract Documents if Contractor, despite its exercise of the Standard of Care, failed to 
identify such conflict, error, ambiguity, or discrepancy. 

B. Resolving Discrepancies: 

1. Except as may be otherwise specifically stated in the Contract Documents, the 
provisions of the part of the Contract Documents prepared by or for Engineer shall take 
precedence in resolving any conflict, error, ambiguity, or discrepancy between such 
provisions of the Contract Documents and: 

a. the provisions of any standard specification, manual, reference standard, or code, 
or the instruction of any Supplier (whether or not specifically incorporated by 
reference as a Contract Document); or 

b. the provisions of any Laws or Regulations applicable to the performance of the 
Work (unless such an interpretation of the provisions of the Contract Documents 
would result in violation of such Law or Regulation). 



 

General Conditions of the Construction Contract  Page 13 of 68 
Agreement Between Owner and Contractor (Central Pump Station) 

3.04 Requirements of the Contract Documents 

A. During the performance of the Work and until final payment, Contractor and Owner shall 
submit to the Engineer all matters in question concerning the requirements of the Contract 
Documents (sometimes referred to as requests for information or interpretation—RFIs), or 
relating to the acceptability of the Work under the Contract Documents, as soon as possible 
after such matters arise. Engineer will be the initial interpreter of the requirements of the 
Contract Documents, and judge of the acceptability of the Work thereunder. 

B. Engineer will, with reasonable promptness, render a written clarification, interpretation, or 
decision on the issue submitted, or initiate an amendment or supplement to the Contract 
Documents. Engineer’s written clarification, interpretation, or decision will be final and 
binding on Contractor, unless it appeals by submitting a Change Proposal, and on Owner, 
unless it appeals by filing a claim. 

C. If a submitted matter in question concerns terms and conditions of the Contract Documents 
that do not involve (1) the performance or acceptability of the Work under the Contract 
Documents, (2) the design (as set forth in the Drawings, Specifications, or otherwise), or (3) 
other engineering or technical matters, then Engineer will promptly give written notice to 
Owner and Contractor that Engineer is unable to provide a decision or interpretation. If 
Owner and Contractor are unable to agree on resolution of such a matter in question, either 
party may pursue resolution as provided in Article 12. 

3.05 Reuse of Documents 

A. Contractor and its Subcontractors and Suppliers shall not: 

1. have or acquire any title to or ownership rights in any Work Product, which includes but 
is not limited to the Drawings, Specifications, or other documents (or copies of any 
thereof) prepared by or bearing the seal of Engineer or its consultants, including 
electronic media editions, or reuse any such Drawings, Specifications, other documents, 
or copies thereof on extensions of the Project or any other project without written 
consent of Owner and Engineer and specific written verification or adaptation by 
Engineer; or 

2. have or acquire any title or ownership rights in any Contract Documents, reuse any such 
Contract Documents for any purpose without Owner’s express written consent, or 
violate any copyrights pertaining to such Contract Documents. 

B. The prohibitions of this Paragraph 3.05 will survive final payment, or termination of the 
Contract. Nothing herein shall preclude Contractor from retaining copies of the Contract 
Documents for record purposes. 

ARTICLE 4 – COMMENCEMENT AND PROGRESS OF THE WORK 

4.01 Commencement of Contract Times; Notice to Proceed 

A. The Contract Times will commence to run on the day indicated in the Notice to Proceed. 

4.02 Starting the Work 

A. Contractor shall start to perform the Work on the date indicated in the Notice to Proceed. 
No Work shall be done at the Site prior to such date. 

4.03 Reference Points 

A. Owner shall provide engineering surveys to establish reference points for construction which 
in Engineer’s judgment are necessary to enable Contractor to proceed with the Work. 
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Contractor shall be responsible for laying out the Work, shall protect and preserve the 
established reference points and property monuments, and shall make no changes or 
relocations without the prior written approval of Owner. Contractor shall report to Engineer 
whenever any reference point or property monument is lost or destroyed or requires 
relocation because of necessary changes in grades or locations, and shall be responsible for 
the accurate replacement or relocation of such reference points or property monuments by 
professionally qualified personnel. 

4.04 Construction Schedule; Progress Schedules 

A. In accordance with the Specifications, Contractor shall adhere to the Construction Schedule 
(Exhibit 14 of the Agreement), as it may be adjusted from time to time as provided below. 

1. Contractor shall submit to Engineer for acceptance proposed adjustments in the 
Construction Schedule that will not result in changing the Contract Times. 

2. Proposed adjustments in the Construction Schedule that will change the Contract Times 
shall be submitted in accordance with the requirements of Article 11. 

3. If, in the opinion of Engineer, Contractor falls behind the accepted Construction 
Schedule due to actions or neglect of Contractor or Contractor's agents, servants, 
employees, officers, subcontractors, directors, or any party contracting to perform part 
or all of the Work or to supply any equipment or materials, Contractor shall take steps, 
including, but not limited to, expediting delivery of equipment or materials and 
increasing the number of personnel, shifts, and/or overtime operations, increasing the 
days of work, and/or increasing the amount of construction equipment until such time 
as the Work is back on schedule.  Contractor shall also submit for review not later than 
the time of submittal of the next request for partial payment, such supplementary 
schedule or schedules as may be necessary to demonstrate the manner in which the 
acceptable rate of progress will be regained, all without additional cost to Owner. 

4. Contractor represents and warrants, as a material inducement to Owner to enter into 
the Agreement, that under no circumstances will it assert that any “look-ahead” 
schedule, progress schedule or schedule update prepared or published by or on behalf 
of Contractor, or the review by Owner of any such “look-ahead” schedule or progress 
schedule, actual Work progress schedule, or schedule update, constitutes an extension 
of the Contract Time or a waiver by Owner of its right to enforce the Contract Time, or 
in any way waive enforcement of the Contract Time and Milestones set forth in the 
Agreement. 

B. Contractor shall carry on the Work and adhere to the Construction Schedule during all 
disputes or disagreements with Owner. No Work shall be delayed or postponed pending 
resolution of any disputes or disagreements, or during any appeal process, except as 
permitted by Paragraph 16.04, or as Owner and Contractor may otherwise agree in writing. 

4.05 Delays in Contractor’s Progress 

A. If Owner, Engineer, or anyone for whom Owner is responsible, delays, disrupts, or interferes 
with the performance or progress of the Work that is on the Critical Path, then Contractor 
shall be entitled to an equitable adjustment in the Contract Times and Contract Price. 
Contractor’s entitlement to claim an equitable adjustment of the Contract Times is 
conditioned on such adjustment being essential to Contractor’s ability to complete the Work 
within the Contract Times and Contractor’s compliance with the remaining provisions of this 
Paragraph below. The Contractor may claim an equitable adjustment to Contract Price 
and/or the Contract Times for extended performance that the Contractor demonstrates to 
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have been caused by the Owner’s interference with the Contractor’s performance of this 
Agreement only if Contractor has delivered to Owner and Engineer written notice of the 
occurrence, impact consequences, and recommendations for the elimination of such 
interference  as soon as possible, but in no event later than seven (7) days after such 
occurrence, and the Owner, without justification, fails thereafter to cease such interference.  
In such event, Contractor may claim an equitable adjustment to the Contract Price for the 
Contractor’s reasonable additional costs of extended performance during the period of the 
Contractor’s extended performance commencing on the business day next following 
Owner’s receipt of such notice and ending on the day that such interference ends.  Such 
notice shall be a condition precedent to such a Claim, failing in which any such Claim shall be 
invalid.  Except for Owner’s intentional interference despite the Contractor’s issuance of such 
notice, Contractor shall not be entitled to, and agrees not to seek additional compensation 
for, such extended performance.  Promptly after receipt of such notice, the parties shall seek 
to mutually agree upon the expected period of such extension and any equitable adjustment 
to the Contract Price for such extended performance.  The parties shall resort to the dispute 
resolution procedures required by Article 12 if they cannot agree upon such equitable 
adjustment.  In no event shall the Contract Price be adjusted for any delay caused or 
contributed to by the failure of Contractor or its Subcontractors or Suppliers to perform in 
accordance with this Agreement. 

B. Contractor shall not be entitled to an adjustment in Contract Price or Contract Times for 
delay, disruption, or interference caused by or within the control of Contractor. Delay, 
disruption, and interference attributable to and within the control of a Subcontractor or 
Supplier shall be deemed to be within the control of Contractor. 

C. Contractor shall keep Owner advised of any delay, whether or not it constitutes an Excusable 
Delay (as defined below), which may affect the Construction Schedule or any completion 
date.  The parties shall have no liability to each other for, and each party shall bear its own 
costs due to the impact of, Excusable Delays in the performance of their respective 
obligations under the Contract Documents. 

D. If Contractor’s performance or progress is delayed, disrupted, or interfered with by 
unanticipated causes not the fault of and beyond the control of Owner, Contractor, and those 
for which they are responsible, then Contractor shall be entitled to an equitable adjustment 
in Contract Times. Contractor’s entitlement to an adjustment of the Contract Times is 
conditioned on such adjustment being essential to Contractor’s ability to complete the Work 
within the Contract Times. Such an adjustment shall be Contractor’s sole and exclusive 
remedy for the delays, disruption, and interference described in this paragraph. Causes of 
delay, disruption, or interference that may give rise to an adjustment in Contract Times under 
this paragraph only include the following (each an “Excusable Delay”): 

1. severe and unavoidable natural catastrophes such as fires, floods, epidemics, and 
earthquakes;  

2. acts or failures to act of utility owners (other than those performing other work at or 
adjacent to the Site by arrangement with the Owner, as contemplated in Article 8); and 

3. acts of war or terrorism. 

E. Delays, disruption, and interference to the performance or progress of the Work resulting 
from the existence of a differing subsurface or physical condition, an Underground Facility 
that was not shown or indicated by the Contract Documents, or not shown or indicated with 
reasonable accuracy, and those resulting from Hazardous Environmental Conditions, are 
governed by Article 5. 
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F. Paragraph 8.03 governs delays, disruption, and interference to the performance or progress 
of the Work resulting from the performance of certain other work at or adjacent to the Site. 

G. Contractor shall not be entitled to an adjustment in Contract Price or Contract Times for any 
delay, disruption, or interference if such delay is concurrent with a delay, disruption, or 
interference caused by or within the control of Contractor. 

H. Contractor must submit any Change Proposal seeking an adjustment in Contract Price or 
Contract Times under this paragraph within 30 days of the commencement of the delaying, 
disrupting, or interfering event. 

ARTICLE 5 – AVAILABILITY OF LANDS; SUBSURFACE AND PHYSICAL CONDITIONS; HAZARDOUS 
ENVIRONMENTAL CONDITIONS 

5.01 Availability of Lands 

A. Owner shall furnish the Site. Owner shall notify Contractor of any encumbrances or 
restrictions not of general application but specifically related to use of the Site with which 
Contractor must comply in performing the Work. 

B. Upon reasonable written request, Owner shall furnish Contractor with a current statement 
of record legal title and legal description of the lands upon which permanent improvements 
are to be made and Owner’s interest therein as necessary for giving notice of or filing a 
mechanic’s or construction lien against such lands in accordance with applicable Laws and 
Regulations. 

C. Contractor shall provide for all additional lands and access thereto that may be required for 
temporary construction facilities or storage of materials and equipment. 

5.02 Use of Site and Other Areas 

A. Limitation on Use of Site and Other Areas: 

1. Contractor shall confine construction equipment, temporary construction facilities, the 
storage of materials and equipment, and the operations of workers to the Site, adjacent 
areas that Contractor has arranged to use through construction easements or 
otherwise, and other adjacent areas permitted by Laws and Regulations, and shall not 
unreasonably encumber the Site and such other adjacent areas with construction 
equipment or other materials or equipment. Contractor shall assume full responsibility 
for (a) damage to the Site; (b) damage to any such other adjacent areas used for 
Contractor’s operations; (c) damage to any other adjacent land or areas; and (d) for 
injuries and losses sustained by the owners or occupants of any such land or areas; 
provided that such damage or injuries result from the performance of the Work or from 
other actions or conduct of the Contractor or those for which Contractor is responsible. 

2. If a damage or injury claim is made by the owner or occupant of any such land or area 
because of the performance of the Work, or because of other actions or conduct of the 
Contractor or those for which Contractor is responsible, Contractor shall (a) take 
immediate corrective or remedial action as required by Paragraph 7.12, or otherwise; 
(b) promptly attempt to settle the claim as to all parties through negotiations with such 
owner or occupant, or otherwise resolve the claim by arbitration or other dispute 
resolution proceeding, or at law (including providing written releases in favor of and 
releasing the Indemnified Parties); and (c) to the fullest extent permitted by Laws and 
Regulations, indemnify and hold harmless the Indemnified Parties from and against any 
such claim, and against all costs, losses, and damages (including but not limited to all 
fees and charges of engineers, architects, attorneys, and other professionals and all 
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court or arbitration or other dispute resolution costs) arising out of or relating to any 
claim or action, legal or equitable, brought by any such owner or occupant against an 
Indemnified Party to the extent caused directly or indirectly, in whole or in part by, or 
based upon, Contractor’s performance of the Work, or because of other actions or 
conduct of the Contractor or those for which Contractor is responsible. 

3. Settling Small Third Party Claims.  In recognition of the Owner’s special interest in 
preserving the good will of owners and occupants of adjacent land areas, if Contractor 
fails to settle and pay a claim pursuant to Subparagraph 2 above that is estimated by 
Owner to be no more than $20,000 (“Small Third Party Claim”) within thirty (30) 
calendar days of the event giving rise to the Small Third Party Claim, Owner shall 
thereafter have the right and authority in Owner’s sole discretion (but not any 
obligation) to itself settle and pay the Small Third Party Claim on Contractor’s behalf 
under a right of full reimbursement from Contractor for all payments, costs, expenses 
and fees incurred or paid by Owner to settle the Small Third Party Claim.  Contractor 
expressly acknowledges, acquiesces and confirms that the Engineer or another 
representative of Owner may, in good faith, determine whether a Small Third Party 
Claim is payable in whole or in part by Contractor under the provisions herein (the 
hazard and expense of litigation and the special interest of Owner in liquidating all 
claims being considered), and if found so payable in whole or in part, the portion thereof 
payable by Contractor.  The amount of any Small Third Party Claim settled by Owner, 
and any and all payments, costs, expenses and fees incurred or paid by Owner in 
settlement thereof, shall be deducted from the Contract Price and/or reimbursed by the 
Contractor within thirty (30) calender days of the settlement of the Small Third Party 
Claim.    

B. Removal of Debris During Performance of the Work: During the progress of the Work the 
Contractor shall keep the Site and other adjacent areas free from accumulations of waste 
materials, rubbish, and other debris. Removal and disposal of such waste materials, rubbish, 
and other debris shall conform to applicable Laws and Regulations. 

C. Cleaning: Prior to Substantial Completion of the Work Contractor shall clean the Site and the 
Work and make it ready for utilization by Owner. At the completion of the Work Contractor 
shall remove from the Site and adjacent areas all tools, appliances, construction equipment 
and machinery, and surplus materials and shall restore to original condition all property not 
designated for alteration by the Contract Documents. 

D. Loading of Structures: Contractor shall not load nor permit any part of any structure to be 
loaded in any manner that will endanger the structure, nor shall Contractor subject any part 
of the Work or adjacent structures or land to stresses or pressures that will endanger them. 

5.03 Subsurface and Physical Conditions 

A. Reports and Drawings: The Supplementary Conditions may identify: 

1. those reports known to Owner of explorations and tests of subsurface conditions at or 
adjacent to the Site; and 

2. those drawings known to Owner of physical conditions relating to existing surface or 
subsurface structures at the Site (except Underground Facilities). 

B. No Reliance by Contractor on Reports or Drawings Authorized: None of the contents of such 
reports and drawings include Technical Data, and the accuracy of such reports and drawings 
shall not be relied upon by Contractor.  Such reports and drawings are not Contract 
Documents and are provided to Contractor for informational purposes only.  Contractor may 
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not rely upon or make any Claim against Owner or Engineer, or any of their officers, directors, 
members, partners, employees, agents, consultants, or subcontractors, with respect to: 

1. the completeness of such reports and drawings for Contractor’s purposes, including, but 
not limited to, any aspects of the means, methods, techniques, sequences, and 
procedures of construction to be employed by Contractor, and safety precautions and 
programs incident thereto; or 

2. other data, interpretations, opinions, and information contained in such reports or 
shown or indicated in such drawings; or 

3. any Contractor interpretation of or conclusion drawn from any data, interpretations, 
opinions, or information included in such reports or shown or indicated in such 
drawings. 

5.04 Differing Subsurface or Physical Conditions 

A. Notice by Contractor: If Contractor believes that any subsurface or physical condition that is 
uncovered or revealed at the Site either: 

1. is of such a nature as to establish that any Technical Data on which Contractor is entitled 
to rely as provided in Paragraph 5.03 is materially inaccurate; or 

2. is of such a nature as to require a change in the Drawings or Specifications; or 

3. differs materially from that shown or indicated in the Contract Documents; or 

4. is of an unusual nature, and differs materially from conditions ordinarily encountered 
and generally recognized as inherent in work of the character provided for in the 
Contract Documents; 

then Contractor shall, as soon as reasonably practicable and in no event later than seven (7) 
days after becoming aware thereof and before further disturbing the subsurface or physical 
conditions or performing any Work in connection therewith (except in an emergency as 
required by Paragraph 7.15), notify Owner and Engineer in writing about such condition. The 
Contractor acknowledges and understands it is imperative that Owner be given timely, 
specific notice of any potential differing subsurface or physical condition which may cause 
an increase in the Contract Price or Contract Times such that the Owner is afforded the 
maximum opportunity to mitigate cost and/or time impacts associated with such differing 
condition.  Contractor shall not further disturb such condition or perform any Work in 
connection therewith (except with respect to an emergency) until receipt of a written 
statement permitting Contractor to do so. 

B. Engineer’s Review: After receipt of written notice as required by the preceding paragraph, 
Engineer will promptly review the subsurface or physical condition in question; determine 
the necessity of Owner’s obtaining additional exploration or tests with respect to the 
condition; conclude whether the condition falls within any one or more of the differing site 
condition categories in Paragraph 5.04.A above; obtain any pertinent cost or schedule 
information from Contractor; prepare recommendations to Owner regarding the 
Contractor’s resumption or continuation of Work in connection with the subsurface or 
physical condition in question and the need for any change in the Drawings or Specifications; 
and advise Owner in writing  of Engineer’s findings, conclusions, and recommendations. 

C. Owner’s Statement to Contractor Regarding Site Condition: After receipt of Engineer’s 
written findings, conclusions, and recommendations, Owner shall issue a written statement 
to Contractor (with a copy to Engineer) regarding the subsurface or physical condition in 
question, addressing the resumption or continuation of Work in connection with such 
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condition, indicating whether any change in the Drawings or Specifications will be made, and 
adopting or rejecting Engineer’s written findings, conclusions, and recommendations, in 
whole or in part. 

D. Possible Price and Times Adjustments: 

1. Contractor shall be entitled to an equitable adjustment in Contract Price or Contract 
Times, or both, to the extent that the existence of a differing subsurface or physical 
condition, or any related delay, disruption, or interference, causes an increase or 
decrease in Contractor’s cost of, or time required for, performance of the Work; subject, 
however, to the following: 

a. such condition must fall within any one or more of the categories described in 
Paragraph 5.04.A; 

b. with respect to Work that is paid for on a unit price basis, any adjustment in 
Contract Price will be subject to the provisions of Paragraph 13.03; and, 

c. Contractor’s entitlement to an adjustment of the Contract Times is conditioned on 
such adjustment being essential to Contractor’s ability to complete the Work on 
the Critical Path and to complete all Work within the Contract Times. 

2. Contractor shall not be entitled, and specifically waives any right, to any adjustment in 
the Contract Price or Contract Times with respect to a subsurface or physical condition 
if: 

a. Contractor knew of the existence of such condition at the time Contractor made a 
commitment to Owner with respect to Contract Price and Contract Times by the 
submission of a Bid or becoming bound under a negotiated contract, or otherwise; 
or 

b. the existence of such condition reasonably could have been discovered or revealed 
in the exercise of the Standard of Care through an examination, investigation, 
exploration, test, or study of the Site and contiguous areas expressly required by 
the Bidding Requirements or Contract Documents to be conducted by or for 
Contractor prior to Contractor’s making such commitment; or 

c. Contractor failed to give the written notice as required by Paragraph 5.04.A. 

d. The Engineer does not consider the condition a differing subsurface or physical 
condition. 

3. If Owner and Contractor agree regarding Contractor’s entitlement to, and the amount 
or extent of any, adjustment in the Contract Price or Contract Times, or both, then any 
such adjustment shall be set forth in a Change Order. 

4. Contractor may submit a Change Proposal regarding its entitlement to or the amount or 
extent of any adjustment in the Contract Price or Contract Times, or both, no later than 
30 days after Owner’s issuance of the Owner’s written statement to Contractor 
regarding the subsurface or physical condition in question. 

5.05 Underground Facilities 

A. Contractor’s Responsibilities: The information and data shown or indicated in the Contract 
Documents with respect to existing Underground Facilities at or adjacent to the Site is based 
on information and data furnished to Owner or Engineer by the owners of such Underground 
Facilities, including Owner, or by others. Unless it is otherwise expressly provided in the 
Supplementary Conditions: 
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1. Owner and Engineer do not warrant or guarantee the accuracy or completeness of any 
such information or data provided by others; and 

2. the cost of all of the following will be included in the Contract Price, and Contractor shall 
have full responsibility for: 

a. reviewing and checking all information and data regarding existing Underground 
Facilities at the Site; 

b. locating all Underground Facilities shown or indicated in the Contract Documents 
as being at the Site; 

c. coordination of the Work with the owners (including Owner) of such Underground 
Facilities, during construction; and 

d. the safety and protection of all existing Underground Facilities at the Site, and 
repairing any damage thereto resulting from the Work. 

B. Notice by Contractor: If Contractor believes that an Underground Facility that is uncovered 
or revealed at the Site was not shown or indicated in the Contract Documents, or was not 
shown or indicated with reasonable accuracy, then Contractor shall, as soon as possible, but 
in no event later than seven (7) days after becoming aware thereof and before further 
disturbing conditions affected thereby or performing any Work in connection therewith 
(except in an emergency as required by Paragraph 7.15), identify the owner of such 
Underground Facility and give written notice to that owner and to Owner and Engineer.  The 
Contractor acknowledges and understands it is imperative that Owner be given timely, 
specific notice of any such Underground Facility which may cause an increase in the Contract 
Price or Contract Times so that the Owner is afforded the maximum opportunity to mitigate 
cost and/or time impacts associated with such Underground Facility.   

C. Engineer’s Review: Engineer will promptly review the Underground Facility and conclude 
whether such Underground Facility was not shown or indicated in the Contract Documents, 
or was not shown or indicated with reasonable accuracy; obtain any pertinent cost or 
schedule information from Contractor; prepare recommendations to Owner regarding the 
Contractor’s resumption of Work in connection with the Underground Facility in question; 
determine the extent, if any, to which a change is required in the Drawings or Specifications 
to reflect and document the consequences of the existence or location of the Underground 
Facility; and advise Owner in writing of Engineer’s findings, conclusions, and 
recommendations. During such time, Contractor shall be responsible for the safety and 
protection of such Underground Facility. 

D. Owner’s Statement to Contractor Regarding Underground Facility: After receipt of Engineer’s 
written findings, conclusions, and recommendations, Owner shall issue a written statement 
to Contractor (with a copy to Engineer) regarding the Underground Facility in question, 
addressing the resumption of Work in connection with such Underground Facility, indicating 
whether any change in the Drawings or Specifications will be made, and adopting or rejecting 
Engineer’s written findings, conclusions, and recommendations in whole or in part. 

E. Possible Price and Times Adjustments: 

1. Contractor shall be entitled to an equitable adjustment in the Contract Price or Contract 
Times, or both, to the extent that any existing Underground Facility at the Site that was 
not shown or indicated in the Contract Documents, or was not shown or indicated with 
reasonable accuracy, or any related delay, disruption, or interference, causes an 
increase or decrease in Contractor’s cost of, or time required for, performance of the 
Work; subject, however, to the following: 
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a. Contractor did not know of and could not reasonably have been expected to be 
aware of or to have anticipated the existence or actual location of the Underground 
Facility in question; 

b. With respect to Work that is paid for on a unit price basis, any adjustment in 
Contract Price will be subject to the provisions of Paragraph 13.03; 

c. Contractor’s entitlement to an adjustment of the Contract Times is conditioned on 
such adjustment being essential to Contractor’s ability to complete the Work 
within the Contract Times; and 

d. Contractor gave the notice required in Paragraph 5.05.B. 

2. If Owner and Contractor agree regarding Contractor’s entitlement to and the amount 
or extent of any adjustment in the Contract Price or Contract Times, or both, then any 
such adjustment shall be set forth in a Change Order. 

3. Contractor may submit a Change Proposal regarding its entitlement to or the amount or 
extent of any adjustment in the Contract Price or Contract Times, or both, no later than 
30 days after Owner’s issuance of the Owner’s written statement to Contractor 
regarding the Underground Facility in question. 

5.06 Hazardous Environmental Conditions at Site 

A. Reports and Drawings: The Supplementary Conditions may identify those reports and 
drawings known to Owner relating to Hazardous Environmental Conditions that have been 
identified at or adjacent to the Site. 

B. No Reliance by Contractor on Reports and Drawings Authorized: None of the contents of the 
reports and drawings referenced above include Technical Data, and the accuracy of such 
reports and drawings shall not be relied upon by Contractor.  Such reports and drawings are 
not Contract Documents and are provided to Contractor for informational purposes only.  
Contractor may not rely upon or make any Claim against Owner or Engineer, or any of their 
officers, directors, members, partners, employees, agents, consultants, or subcontractors, 
with respect to: 

1. the completeness of such reports and drawings for Contractor’s purposes, including, but 
not limited to, any aspects of the means, methods, techniques, sequences and 
procedures of construction to be employed by Contractor and safety precautions and 
programs incident thereto; or 

2. other data, interpretations, opinions and information contained in such reports or 
shown or indicated in such drawings; or 

3. any Contractor interpretation of or conclusion drawn from any data, interpretations, 
opinions or information included in such reports or shown or indicated in such drawings. 

C. Contractor shall not be responsible for removing or remediating any Hazardous 
Environmental Condition encountered, uncovered, or revealed at the Site unless such 
removal or remediation is expressly identified in the Contract Documents to be within the 
scope of the Work or expressly agreed to by Contractor and Owner in an executed Change 
Order. 

D. Contractor shall be responsible for controlling, containing, and duly removing all 
Constituents of Concern brought to the Site by Contractor, Subcontractors, Suppliers, or 
anyone else for whom Contractor is responsible, and for any associated costs; and for the 
costs of removing and remediating any Hazardous Environmental Condition created by the 
presence of any such Constituents of Concern. 



 

General Conditions of the Construction Contract  Page 22 of 68 
Agreement Between Owner and Contractor (Central Pump Station) 

E. If Contractor encounters, uncovers, or reveals a Hazardous Environmental Condition whose 
removal or remediation is not expressly identified in the Contract Documents as being within 
the scope of the Work, or if Contractor or anyone for whom Contractor is responsible creates 
a Hazardous Environmental Condition, then Contractor shall immediately: (1) secure or 
otherwise isolate such condition; (2) stop all Work in connection with such condition and in 
any area affected thereby (except in an emergency as required by Paragraph 7.15); and (3) 
notify Owner and Engineer in writing as soon as possible, but in no event later than seven (7) 
days of such discovery. Owner shall promptly consult with Engineer concerning the necessity 
for Owner to retain a qualified expert to evaluate such condition or take corrective action, if 
any. Promptly after consulting with Engineer, Owner shall take such actions as are necessary 
to permit Owner to timely obtain required permits and provide Contractor the written notice 
required by Paragraph 5.06.F. If Contractor or anyone for whom Contractor is responsible 
created the Hazardous Environmental Condition in question, then Owner may remove and 
remediate the Hazardous Environmental Condition, and impose a set-off against payments 
to account for the associated costs. 

F. Contractor shall not resume Work in connection with such Hazardous Environmental 
Condition or in any affected area until after Owner has obtained any required permits related 
thereto, and delivered written notice to Contractor either (1) specifying that such condition 
and any affected area is or has been rendered safe for the resumption of Work, or (2) 
specifying any special conditions under which such Work may be resumed safely. 

G. If Owner and Contractor cannot agree as to entitlement to or on the amount or extent, if 
any, of any adjustment in Contract Price or Contract Times, or both, as a result of such Work 
stoppage or such special conditions under which Work is agreed to be resumed by 
Contractor, then within 30 days of Owner’s written notice regarding the resumption of Work, 
Contractor may submit a Change Proposal, or Owner may impose a set-off. 

H. If after receipt of such written notice Contractor does not agree to resume such Work based 
on a reasonable belief it is unsafe, or does not agree to resume such Work under such special 
conditions, then Owner may order the portion of the Work that is in the area affected by 
such condition to be deleted from the Work, following the contractual change procedures in 
Article 11. Owner may have such deleted portion of the Work performed by Owner’s own 
forces or others in accordance with Article 8. 

I. NOT USED. 

J. To the fullest extent permitted by Laws and Regulations, Contractor shall indemnify and hold 
harmless  the Indemnified Parties and subcontractors of each and any of them from and 
against all claims, costs, losses, and damages (including but not limited to all fees and charges 
of engineers, architects, attorneys, and other professionals and all court or arbitration or 
other dispute resolution costs) arising out of or relating to the failure to control, contain, or 
remove a Constituent of Concern brought to the Site by Contractor or by anyone for whom 
Contractor is responsible, or to a Hazardous Environmental Condition created by Contractor 
or by anyone for whom Contractor is responsible. Nothing in this Paragraph 5.06.J shall 
obligate Contractor to indemnify any individual or entity from and against the consequences 
of that individual’s or entity’s own negligence. 

K. NOT USED. 
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ARTICLE 6 – BONDS AND INSURANCE 

6.01 Contractor’s Bonds 

A. Payment and Performance Bonds Required.  Contractor is required to provide Owner with 
Payment and Performance Bonds as specified in Texas Government Code § 2253.001 et seq., 
as supplemented by this Article 6, and in such forms as are prescribed in the Contract 
Documents.  Such bonds shall be: 

1. Issued with the Owner as the named obligee; 

2. Executed by a corporate surety company authorized to do business in the State of Texas 
with such financial standing to have a rating from A.M. Best Company (or other 
equivalent rating company) equal to or better than “A –” and on the approved list of 
sureties issued by the United States Department of Treasury and shall have a Power of 
Attorney attached.  If the A.M. Best Company rating for a surety issuing either of said 
bonds falls below “B+”, Contractor shall replace the original bonds with bonds from a 
surety meeting the requirements of this Article 6.  For contracts over $100,000.00, the 
surety must also hold a certificate of authority from the United States Secretary of 
Treasury to qualify as a surety or reinsurer on obligations permitted or required under 
federal law (“Certificate of Authority”) or have obtained reinsurance for any liability in 
excess of $100,000.00 from a reinsurer that is authorized and admitted as a reinsurer in 
the State of Texas and is the holder of a Certificate of Authority.  The person executing 
the Bonds must be licensed as a Texas Local Recording Agent as required by the laws of 
the State of Texas and such licensing must be recorded; 

3. Issued in compliance with Texas Government Code § 2253.001 et seq.; 

4. Continuously maintained for the benefit of the Owner; and 

5. Furnished before any Work is commenced. 

B. Warranty Bond Requirements.  Upon delivery of the Payment and Performance Bonds, 
Contractor shall deliver to Owner the Warranty Bond in the form required by the Contract 
Documents in favor of Owner in an amount equal to 5% of the Contract Price, as adjusted in 
accordance with this Agreement, securing the performance of Contractor’s warranty 
obligations under this Agreement, which Warranty Bond(s) shall remain in effect until the 
expiration of Contractor’s warranty obligations hereunder, not to exceed one (1) year from 
the date of Final Completion or until Owner elects in writing to release such Warranty Bond, 
whichever occurs first. 

C. Bid Bond. In response to Owner’s Invitation for Bids, Contractor delivered to Owner a Bid 
Bond in favor of the Owner in the form prescribed herein by the Bidding Documents, such 
delivered Bid Bond being incorporated into this Agreement by reference as if fully stated 
herein. 

D. Additional Security.  If Owner receives notice from a third party that it has acquired by 
assignment the right to receive payment of the Contractor’s receivables as they become due 
and payable under this Agreement, Contractor agrees that the Owner may in its sole 
discretion require the Contractor  to furnish to Owner, as a condition of Contractor’s right to 
continue to perform Work under this Agreement, an irrevocable standby letter of credit in 
favor of Owner issued by a national bank in form reasonably acceptable to Owner in an 
amount equal to the sum of the current unpaid balance of the Contract plus any amounts in 
excess thereof that may be owed to Owner as a result of Contractor’s delay, deficiency, or 
failure  to perform its obligations hereunder. 
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E. If the surety on a bond furnished by Contractor is declared bankrupt or becomes insolvent, 
or its right to do business is terminated in any state or jurisdiction where any part of the 
Project is located, or the surety ceases to meet the requirements above, then Contractor 
shall immediately notify Owner and Engineer and shall, within 20 days after the event giving 
rise to such notification, provide another bond and surety, both of which shall comply with 
the bond and surety requirements above. 

F. If Contractor has failed to obtain a required bond, Owner may exclude the Contractor from 
the Site and exercise Owner’s termination rights under Article 16. 

G. Upon request, Owner shall provide a copy of the payment bond to any Subcontractor, 
Supplier, or other person or entity claiming to have furnished labor or materials used in the 
performance of the Work. 

6.02 Insurance—General Provisions 

A. Contractor shall obtain and maintain insurance as required by the Owner’s Requirements of 
Insurance (Exhibit 2 of the Agreement). 

B. If Owner elects to purchase insurance coverage for the Project, Contractor shall cooperate 
as reasonably necessary in connection with the purchase of such insurance. 

ARTICLE 7 – CONTRACTOR’S RESPONSIBILITIES 

7.01 Supervision, Superintendence and Communication 

A. Contractor shall supervise, inspect, and direct the Work competently and efficiently, 
devoting such attention thereto and applying such skills and expertise as may be necessary 
to perform the Work in accordance with the Standard of Care and the Contract Documents. 
Contractor shall be solely responsible for the means, methods, techniques, sequences, and 
procedures of construction. 

B. At all times during the progress of the Work, Contractor shall assign a competent resident 
superintendent who shall not be replaced without prior written notice to and written 
approval from Owner and Engineer, except under circumstances deemed extraordinary by 
Owner.  If Contractor deems it necessary to replace the superintendent, Contractor shall 
provide the necessary information for approval, as stated in Paragraph 7.01.D. below, 
regarding the proposed new superintendent. 

C. Except as otherwise expressly provided in this Agreement, communications by the 
Contractor to Owner, DPOR and Separate Contractors shall be made through the Engineer.  
Communications to Contractor’s personnel, Subcontractors and Suppliers shall be made 
through the Contractor. 

D. Contractor shall have an English-speaking, competent superintendent on the Site at all times 
that Work is in progress.  The superintendent will be Contractor’s representative on the Site 
and shall have the authority to act on the behalf of Contractor.  All communications given to 
the superintendent shall be as binding as if given to Contractor.  Contractor’s superintendent 
and project manager shall provide cellular telephone numbers and emergency and home 
telephone number(s) at which one or the other may be reached if necessary when Work is 
not in progress.  Telephone or cellular phone number(s) shall be to a live person having 
responsible authority for the Work and not an answering machine or answering service.  The 
superintendent must be an employee of the Contractor, unless such requirement is waived 
in writing by the Owner.  If the Contractor proposes a management structure with a project 
manager supervising, directing, and managing construction of the Work in addition to or in 
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substitution of a superintendent, the requirements set forth herein with respect to the 
superintendent shall likewise apply to any such project manager: 

1. Contractor shall present the resume of the proposed superintendent to the Engineer 
showing evidence of experience and successful superintendence and direction of work 
of a similar scale and complexity.  If, in the opinion of the Engineer, the proposed 
superintendent does not have sufficient experience for the Work required by the 
Contract Documents, he/she will not be allowed to be the designated superintendent 
for the Project.  

2. A qualified substitute superintendent may be designated in the event that the 
designated superintendent is temporarily away from the Site, but not to exceed a time 
limit acceptable to the Engineer.   

3. Contractor shall replace the superintendent upon Engineer’s request in the event the 
superintendent is unable to perform to Engineer’s or Owner’s satisfaction. 

7.02 Labor; Working Hours 

A. Contractor shall provide competent, suitably qualified personnel to survey and lay out the 
Work and perform construction as required by the Contract Documents. Contractor shall at 
all times maintain good discipline and order at the Site. 

B. Except as otherwise required for the safety or protection of persons or the Work or property 
at the Site or adjacent thereto, and except as otherwise stated in the Contract Documents, 
all Work at the Site shall be performed between the hours of 7 a.m. and 6 p.m. CST, Monday 
through Friday. Contractor will not perform Work on a Saturday, Sunday, or any legal holiday. 
Contractor may perform Work outside regular working hours or on Saturdays, Sundays, or 
legal holidays only with Engineer’s or Owner’s written consent, which will not be 
unreasonably withheld.  However, emergency Work may be done without prior permission, 
provided that Contractor shall notify Engineer and Owner of the performance of emergency 
Work as soon as is practicable. 

7.03 Services, Materials, and Equipment 

A. Unless otherwise specified in the Contract Documents, Contractor shall provide and assume 
full responsibility for all services, materials, equipment, labor, transportation, construction 
equipment and machinery, tools, appliances, fuel, power, light, heat, telephone, water, 
sanitary facilities, temporary facilities, and all other facilities and incidentals necessary for 
the performance, testing, start up, and completion of the Work, whether or not such items 
are specifically called for in the Contract Documents. 

B. All materials and equipment incorporated into the Work shall be of good quality and new, 
except as otherwise provided in the Contract Documents. All special warranties and 
guarantees required by the Specifications shall expressly run to the benefit of Owner. If 
required by Engineer, Contractor shall furnish satisfactory evidence (including reports of 
required tests) as to the source, kind, and quality of materials and equipment. 

C. All materials and equipment shall be stored, applied, installed, connected, erected, 
protected, used, cleaned, and conditioned in accordance with instructions of the applicable 
Supplier, except as otherwise may be provided in the Contract Documents. 

7.04 “Or Equals” 

A. Whenever an item of material or equipment is specified or described in the Contract 
Documents by using the name of a proprietary item or the name of a particular Supplier, the 
Contract Price has been based upon Contractor furnishing such item as specified. The 
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specification or description of such an item is intended to establish the type, function, 
appearance, and quality required. Unless the specification or description contains or is 
followed by words reading that no like, equivalent, or “or equal” item is permitted, 
Contractor may request that Engineer authorize the use of other items of material or 
equipment, or items from other proposed suppliers under the circumstances described 
below. 

1. If Engineer in its sole discretion determines that an item of material or equipment 
proposed by Contractor is functionally equal to that named and sufficiently similar so 
that no change in related Work will be required, Engineer shall deem it an “or equal” 
item. For the purposes of this paragraph, a proposed item of material or equipment will 
be considered functionally equal to an item so named if: 

a. Engineer determines that: 

1) it is at least equal in materials of construction, quality, durability, appearance, 
strength, and design characteristics; 

2) it will reliably perform at least equally well the function and achieve the results 
imposed by the design concept of the completed Project as a functioning 
whole; 

3) it has a proven record of performance and availability of responsive service; 
and 

4) it is not objectionable to Owner. 

b. Contractor certifies that, if approved and incorporated into the Work: 

1) there will be no increase in cost to the Owner or increase in Contract Times; 
and 

2) it will conform substantially to the detailed requirements of the item named 
in the Contract Documents. 

B. Contractor’s Expense: Contractor shall provide all data in support of any proposed “or equal” 
item at Contractor’s expense. 

C. Engineer’s Evaluation and Determination: Engineer will be allowed a reasonable time to 
evaluate each “or-equal” request.  Engineer may require Contractor to furnish additional 
data about the proposed “or-equal” item. Engineer will be the sole judge of acceptability. No 
“or-equal” item will be ordered, furnished, installed, or utilized until Engineer’s review is 
complete and Engineer determines that the proposed item is an “or-equal”, which will be 
evidenced by an approved Shop Drawing or other written communication. Engineer will 
advise Contractor in writing of any negative determination. 

D. Effect of Engineer’s Determination: Neither approval nor denial of an “or-equal” request shall 
result in any change in Contract Price. The Engineer’s denial of an “or-equal” request shall be 
final and binding, and may not be reversed through an appeal under any provision of the 
Contract Documents. 

E. Treatment as a Substitution Request: If Engineer determines that an item of material or 
equipment proposed by Contractor does not qualify as an “or-equal” item, Contractor may 
request that Engineer considered the proposed item as a substitute pursuant to Paragraph 
7.05. 
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7.05 Substitutes 

A. Unless the specification or description of an item of material or equipment required to be 
furnished under the Contract Documents contains or is followed by words reading that no 
substitution is permitted, Contractor may request that Engineer authorize the use of other 
items of material or equipment under the circumstances described below. To the extent 
possible such requests shall be made before commencement of related construction at the 
Site. 

1. Contractor shall submit sufficient information as provided below to allow Engineer to 
determine, in the Engineer’s sole discretion, if the item of material or equipment 
proposed is essentially equivalent to that named and an acceptable substitute therefor. 
Engineer will not accept requests for review of proposed substitute items of material or 
equipment from anyone other than Contractor. 

2. The requirements for review by Engineer will be as set forth in Paragraph 7.05.B, as 
supplemented by the Specifications, and as Engineer may decide is appropriate under 
the circumstances. 

3. Contractor shall make written application to Engineer for review of a proposed 
substitute item of material or equipment that Contractor seeks to furnish or use. The 
application: 

a. shall certify that the proposed substitute item will: 

1) perform adequately the functions and achieve the results called for by the 
general design, 

2) be similar in substance to that specified, and 

3) be suited to the same use as that specified. 

b. will state: 

1) the extent, if any, to which the use of the proposed substitute item will 
necessitate a change in Contract Times, 

2) whether use of the proposed substitute item in the Work will require a change 
in any of the Contract Documents (or in the provisions of any other direct 
contract with Owner for other work on the Project) to adapt the design to the 
proposed substitute item, and 

3) whether incorporation or use of the proposed substitute item in connection 
with the Work is subject to payment of any license fee or royalty. 

c. will identify: 

1) all variations of the proposed substitute item from that specified, and 

2) available engineering, sales, maintenance, repair, and replacement services. 

d. shall contain an itemized estimate of all costs or credits that will result directly or 
indirectly from use of such substitute item, including but not limited to changes in 
Contract Price, shared savings, costs of redesign, and claims of other contractors 
affected by any resulting change. 

B. Engineer’s Evaluation and Determination: Engineer will be allowed a reasonable time to 
evaluate each substitute request, and to obtain comments and direction from Owner. 
Engineer may require Contractor to furnish additional data about the proposed substitute 
item. Engineer will be the sole judge of acceptability. No substitute will be ordered, 
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furnished, installed, or utilized until Engineer’s review is complete and Engineer determines 
that the proposed item is an acceptable substitute. Engineer’s determination will be 
evidenced by a Field Order or a proposed Change Order accounting for the substitution itself 
and all related impacts, including changes in Contract Price or Contract Times. Engineer will 
advise Contractor in writing of any negative determination. 

C. Special Guarantee: Owner may require Contractor to furnish at Contractor’s expense a 
special performance guarantee or other surety with respect to any substitute. 

D. Reimbursement of Engineer’s Cost: Engineer will record Engineer’s costs in evaluating a 
substitute proposed or submitted by Contractor. Whether or not Engineer approves a 
substitute so proposed or submitted by Contractor, Contractor shall reimburse Owner for 
the reasonable charges of Engineer for evaluating each such proposed substitute. Contractor 
shall also reimburse Owner for the reasonable charges of Engineer for making changes in the 
Contract Documents (or in the provisions of any other direct contract with Owner) resulting 
from the acceptance of each proposed substitute. 

E. Contractor’s Expense: Contractor shall provide all data in support of any proposed substitute 
at Contractor’s expense. 

F. Effect of Engineer’s Determination: If Engineer approves the substitution request, Contractor 
shall execute the proposed Change Order and proceed with the substitution. The Engineer’s 
denial of a substitution request shall be final and binding, and may not be reversed through 
an appeal under any provision of the Contract Documents. Contractor may challenge the 
scope of reimbursement costs imposed under Paragraph 7.05.D, by timely submittal of a 
Change Proposal. 

7.06 Concerning Subcontractors, Suppliers, and Others 

A. Contractor may retain Subcontractors and Suppliers for the performance of parts of the 
Work.  Such Subcontractors and Suppliers must be acceptable to Owner. 

B. Contractor shall retain specific Subcontractors, Suppliers, or other individuals or entities for 
the performance of designated parts of the Work if required by the Contract to do so. 

C. Subsequent to the submittal of Contractor’s Bid or final negotiation of the terms of the 
Contract, Owner may not require Contractor to retain any Subcontractor, Supplier, or other 
individual or entity to furnish or perform any of the Work against which Contractor has 
reasonable objection. 

D. Prior to entry into any binding subcontract or purchase order, Contractor shall submit to 
Owner the identity of the proposed Subcontractor or Supplier (unless Owner has already 
deemed such proposed Subcontractor or Supplier acceptable, during the bidding process or 
otherwise). Such proposed Subcontractor or Supplier shall be deemed acceptable to Owner 
unless Owner raises a substantive, reasonable objection within ten days. 

E. Owner may require the replacement of any Subcontractor, Supplier, or other individual or 
entity retained by Contractor to perform any part of the Work. Owner also may require 
Contractor to retain specific replacements; provided, however, that Owner may not require 
a replacement to which Contractor has a reasonable objection. If Contractor has submitted 
the identity of certain Subcontractors, Suppliers, or other individuals or entities for 
acceptance by Owner, and Owner has accepted it (either in writing or by failing to make 
written objection thereto), then Owner may subsequently revoke the acceptance of any such 
Subcontractor, Supplier, or other individual or entity so identified solely on the basis of 
substantive, reasonable objection after due investigation. Contractor shall submit an 
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acceptable replacement for the rejected Subcontractor, Supplier, or other individual or 
entity. 

F. If Owner requires the replacement of any Subcontractor, Supplier, or other individual or 
entity retained by Contractor to perform any part of the Work, then Contractor shall be 
entitled to an adjustment in Contract Price or Contract Times, or both, with respect to the 
replacement; and Contractor shall initiate a Change Proposal for such adjustment within 30 
days of Owner’s requirement of replacement. 

G. No acceptance by Owner of any such Subcontractor, Supplier, or other individual or entity, 
whether initially or as a replacement, shall constitute a waiver of the right of Owner to the 
completion of the Work in accordance with the Contract Documents. 

H. On a monthly basis Contractor shall submit to Engineer a complete list of all Subcontractors 
and Suppliers having a direct contract with Contractor, and of all other Subcontractors and 
Suppliers known to Contractor at the time of submittal. 

I. Contractor shall be fully responsible to Owner and Engineer for all acts and omissions of the 
Subcontractors, Suppliers, and other individuals or entities performing or furnishing any of 
the Work just as Contractor is responsible for Contractor’s own acts and omissions. 

J. Contractor shall be solely responsible for scheduling and coordinating the work of 
Subcontractors, Suppliers, and all other individuals or entities performing or furnishing any 
of the Work. 

K. Contractor shall restrict all Subcontractors, Suppliers, and such other individuals or entities 
performing or furnishing any of the Work from communicating with DPOR, Engineer or 
Owner, except through Contractor or in case of an emergency, or as otherwise expressly 
allowed herein. 

L. The divisions and sections of the Specifications and the identifications of any Drawings shall 
not control Contractor in dividing the Work among Subcontractors or Suppliers or delineating 
the Work to be performed by any specific trade. 

M. All Work performed for Contractor by a Subcontractor or Supplier shall be pursuant to an 
appropriate contractual agreement that specifically binds the Subcontractor or Supplier to 
the applicable terms and conditions of the Contract Documents for the benefit of Owner and 
Engineer. 

N. Owner may furnish to any Subcontractor or Supplier, to the extent practicable, information 
about amounts paid to Contractor on account of Work performed for Contractor by the 
particular Subcontractor or Supplier. 

O. Collateral Assignments of Agreements.  Contractor hereby grants, transfers, and assigns to 
Owner all the right, title, and interest of Contractor in, to, and under any and all Subcontracts 
or other agreements executed by or on behalf of the Contractor for the furnishing of Work 
hereunder, including any materials, supplies, and equipment which are to be incorporated 
into the Work and, to the extent assignable, all leases entered into for equipment to be used 
in connection with the performance of the Work.  Such assignments shall be exercisable by 
Owner, at its election, in the event that Contractor is in default hereunder and Owner has 
exercised its right to terminate the Work or this Agreement in whole or in part, or to take 
control of a Project.  The Owner shall not be a third-party beneficiary of agreements between 
the Contractor and any third party concerning the subject matter of this Agreement or the 
Work unless Owner has exercised its right to assume such agreement pursuant to this 
provision.  Owner may reassign such Subcontracts or other agreements to another 
contractor or any other person or entity as necessary to continue with the Work in such 
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event, and such assignee may exercise Owner's rights in the contracts, and Contractor shall 
cause each Subcontract to so provide.  Contractor shall ensure that each such Subcontract 
or other agreement relating to the Work with a Subcontractor or other entity contains the 
consent of each such Subcontractor or entity to the foregoing assignment, by insertion of the 
following provision, as appropriately modified with Owner’s approval to conform the context 
thereof: 

“[INSERT NAME OF SUBCONTRACTOR OR OTHER ENTITY] (“Lower-Tier Provider”) hereby 
irrevocably and collaterally assigns to _________________ (as “Owner”) this [Subcontract 
or Purchase Order] between Contractor and Lower Tier Provider to secure Contractor’s 
obligations to perform under the Agreement, Central Pump Station, dated [DATE], 
between Contractor and Owner in connection with the Project.  Lower-Tier Provider 
hereby consents to this assignment, and shall execute all documents reasonably required 
to evidence or facilitate the effectiveness of such assignment.  Such assignment shall not, 
however, become effective until Owner delivers notice of intent to Lower-Tier Provider 
that Owner has elected to accept and assume such assignment, whereupon Owner may 
elect in writing within thirty (30) calendar days thereof, to require Lower-Tier Provider to 
(a) cease Work on and/or vacate the Project, or (b) continue performance hereunder.  The 
Lower-Tier Provider agrees to notify Owner simultaneously with its issuance of any notice 
to the Contractor of the circumstances relating to the occurrence of any material default 
by the Contractor in its obligations to Lower-Tier Provider hereunder, which may lead to 
Lower-Tier Provider’s election to exercise any right to suspend or terminate hereunder, 
and Owner shall have an opportunity to cure such default by the Contractor, provided 
that such cure is effected within a reasonable period of time, but in no event later than 
thirty (30) days after the date of Owner’s receipt of such default notice.  The Lower-Tier 
Provider further agrees to extend to Owner directly any warranties and remedies required 
of Lower-Tier Provider hereunder; provided however, the foregoing shall not change 
Lower-Tier Provider’s rights and obligations hereunder, other than to provide to Owner 
the right to directly enforce against Lower-Tier Provider such warranties and remedies.” 

P. Nothing in the Contract Documents: 

1. shall create for the benefit of any such Subcontractor, Supplier, or other individual or 
entity any contractual relationship between Owner, DPOR or Engineer and any such 
Subcontractor, Supplier, or other individual or entity; nor 

2. shall create any obligation on the part of Owner, DPOR or Engineer to pay or to see to 
the payment of any money due any such Subcontractor, Supplier, or other individual or 
entity except as may otherwise be required by Laws and Regulations. 

Q. CONTRACTOR SHALL AT ITS COST INDEMNIFY, DEFEND, AND SAVE THE INDEMNIFIED 
PARTIES HARMLESS FROM ALL CLAIMS GROWING OUT OF THE DEMANDS OF PERSONS 
SUPPLYING LABOR AND/OR MATERIALS FOR THE WORK, AS THOSE TERMS ARE DEFINED IN 
CHAPTER 2253 OF THE TEXAS GOVERNMENT CODE. Contractor shall furnish satisfactory 
evidence that all obligations for labor and materials have been satisfied in an Affidavit of 
Payment of Debts and Claims Paid in the form required by the Engineer.  If Contractor fails 
to provide such an affidavit as to any laborer or supplier, then Owner may, at Owner’s option, 
pay directly any unpaid sums otherwise due to Contractor under this Contract or withhold 
from Contractor’s unpaid compensation a sum of money deemed reasonably sufficient to 
liquidate any and all claims until satisfactory evidence is furnished that all liabilities have 
been fully discharged, whereupon payments to Contractor shall be resumed in full in 
accordance with the terms of this Contract. In no event shall the provisions of this paragraph 
be construed to impose any obligation upon Owner by either Contractor or its Surety. 
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7.07 Patent Fees and Royalties 

A. Contractor shall pay all license fees and royalties and assume all costs incident to the use in 
the performance of the Work or the incorporation in the Work of any of Contractor’s Work 
Product, inventions, designs, processes, products, or devices which are the subject of patent 
rights or copyrights held by others. 

B. NOT USED. 

C. Indemnity Against Infringement Claims.  To the fullest extent permitted by Laws and 
Regulations, Contractor shall indemnify and hold harmless the Indemnified Parties, and the 
officers, directors, members, partners, employees, agents, consultants and subcontractors 
of each and any of them from and against all suits, actions, proceedings, claims, costs, losses, 
and damages (including but not limited to all fees and charges of engineers, architects, 
attorneys, and other professionals and all court or arbitration or other dispute resolution 
costs) arising out of or relating to any actual or alleged infringement of patent rights or 
copyrights incident to use of the Contractor’s Work Product, or the Work, or resulting from 
the incorporation in the Work of any invention, design, process, product, or device not 
specified in the Contract Documents. 

7.08 Permits 

A. Unless otherwise provided in the Contract Documents, Contractor shall obtain and pay for 
all construction permits and licenses. Owner shall assist Contractor, when necessary, in 
obtaining such permits and licenses. Contractor shall pay all governmental charges and 
inspection fees necessary for the prosecution of the Work which are applicable at the time 
of the submission of Contractor’s Bid (or when Contractor became bound under a negotiated 
contract). Owner shall pay all charges of utility owners for connections for providing 
permanent service to the Work. 

B. The Drawings and Specifications include a Storm Water Pollution Prevention Plan in 
accordance with TCEQ requirements. The Contractor shall be responsible for obtaining 
permit coverage under the TCEQ’s Construction Storm Water General Permit for all phases 
of project construction, and shall be further responsible for all activities necessary to initially 
meet and thereafter continuously maintain strict compliance with such permit as well as all 
applicable rules of TCEQ relating to Storm Water discharges (including, but not limited to, 
implementing the best management practices set forth in the Storm Water Pollution 
Prevention Plan for the Project. 

7.09 Taxes 

A.  Contractor shall pay all sales, consumer, use, and other similar taxes required to be paid by 
Contractor in accordance with the Laws and Regulations of the place of the Project which are 
applicable during the performance of the Work. 

B. Owner is exempt from Texas sales and use taxes pursuant to Texas Tax Code § 151.309 as a 
political subdivision of the State of Texas.  Owner shall provide Contractor with a completed 
Texas Sales and Use Tax Exemption Certification as evidence of the applicability of such 
exemption and, accordingly, Contractor shall not collect Texas sales and use taxes from 
Owner with respect to this contract. Contractor and all subcontractors to Contractor shall 
issue a Texas Sales and Use Tax Exemption Certification with respect to, and shall not pay 
Texas sales and use taxes on, all purchases of the following items that are exempt from Texas 
sales and use taxes pursuant to Texas Tax Code § 151.311: (i) tangible personal property that 
will be incorporated into Owner’s realty; (ii) tangible personal property that is necessary and 
essential for the performance of this contract and is consumed entirely on the job site; and 
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(iii) taxable services for use in the performance of this contract that are performed at the job 
site and are either integral to the performance of this contract or expressly required to be 
provided by this contract. In addition, Contractor and all subcontractors to Contractor (i) shall 
not include any provision for Texas sales and use taxes with respect to such exempt items in 
any bid or contract amount, and (ii) shall pass on to the Owner cost savings due to the exempt 
status of such exempt items. Contractor’s contracts with all subcontractors to Contractor 
shall include the foregoing provision regarding the exemption from Texas Sales and use 
taxes. 

C. Contractor shall pay, when due, all taxes, fees, and contributions imposed by reason of 
prosecution of the Work AND SHALL PROTECT, INDEMNIFY, AND HOLD THE INDEMNIFIED 
PARTIES HARMLESS FROM LIABILITY RESULTING FROM FAILURE TO MAKE TIMELY 
PAYMENT OF THESE AMOUNTS AND COMPLY WITH THE REPORTING, FILING, OR OTHER 
PROCEDURAL REQUIREMENTS WITH RESPECT TO PAYMENT. Interest, penalties, or other 
liabilities arising from failure to make payments shall not be reimbursed to Contractor. 

7.10 Laws and Regulations 

A. Contractor shall give all notices required by and shall comply with all Laws and Regulations 
applicable to the performance of the Work. Except where otherwise expressly required by 
applicable Laws and Regulations, neither Owner nor Engineer shall be responsible for 
monitoring Contractor’s compliance with any Laws or Regulations. 

B. If Contractor performs any Work or takes any other action knowing or having reason to know 
that it is contrary to Laws or Regulations, Contractor shall bear all resulting costs and losses, 
and shall indemnify and hold harmless the Indemnified Parties, and the officers, directors, 
members, partners, employees, agents, consultants, and subcontractors of each and any of 
them from and against all claims, costs, losses, and damages (including but not limited to all 
fees and charges of engineers, architects, attorneys, and other professionals and all court or 
arbitration or other dispute resolution costs) arising out of or relating to such Work or other 
action. It shall not be Contractor’s responsibility to make certain that the Work described in 
the Contract Documents is in accordance with Laws and Regulations, but this shall not relieve 
Contractor of Contractor’s obligations under Paragraph 3.03. 

C. Owner or Contractor may give notice to the other party of any changes after the submission 
of Contractor’s Bid (or after the date when Contractor became bound under a negotiated 
contract) in Laws or Regulations having an effect on the cost or time of performance of the 
Work, including but not limited to changes in Laws or Regulations having an effect on 
procuring permits and on sales, use, value-added, consumption, and other similar taxes.  If 
Owner and Contractor are unable to agree on entitlement to or on the amount or extent, if 
any, of any adjustment in Contract Price or Contract Times resulting from such changes, then 
within 30 days of such notice Contractor may submit a Change Proposal, or Owner may 
proceed in accordance with Article 12. 

7.11  Record Documents 

A. Contractor shall maintain in a safe place at the Site one printed record copy of all Drawings, 
Specifications, Addenda, Change Orders, Work Change Directives, Field Orders, written 
interpretations and clarifications, and approved Shop Drawings. Contractor shall keep such 
record documents in good order and annotate them to show changes made during 
construction. These record documents, together with all approved Samples, will be available 
to Engineer for reference. Upon completion of the Work, Contractor shall deliver these 
record documents to Engineer. 
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7.12 Safety and Protection 

A. Contractor shall be solely responsible for initiating, maintaining, and supervising all safety 
precautions and programs in connection with the Work. Such responsibility does not relieve 
Subcontractors of their responsibility for the safety of persons or property in the 
performance of their work, nor for compliance with applicable safety Laws and Regulations.  
Contractor shall take all necessary precautions for the safety of, and shall provide the 
necessary protection to prevent damage, injury, or loss to: 

1. all persons on the Site or who may be affected by the Work; 

2. all the Work and materials and equipment to be incorporated therein, whether in 
storage on or off the Site; and 

3. other property at the Site or adjacent thereto, including trees, shrubs, lawns, walks, 
pavements, roadways, structures, other work in progress, utilities, and Underground 
Facilities not designated for removal, relocation, or replacement in the course of 
construction. 

B. Contractor shall comply with all applicable Laws and Regulations relating to the safety of 
persons or property, or to the protection of persons or property from damage, injury, or loss; 
and shall erect and maintain all necessary safeguards for such safety and protection. 
Contractor shall notify Owner; the owners of adjacent property, Underground Facilities, and 
other utilities; and other contractors and utility owners performing work at or adjacent to 
the Site, when prosecution of the Work may affect them, and shall cooperate with them in 
the protection, removal, relocation, and replacement of their property or work in progress. 

C. Contractor shall comply with the applicable requirements of Owner’s safety programs, if any. 

D. Contractor shall inform Engineer of the specific requirements of Contractor’s safety program 
with which Owner’s, DPOR’s and Engineer’s employees and representatives must comply 
while at the Site. 

E. All damage, injury, or loss to any property referred to in Paragraph 7.12.A.2 or 7.12.A.3 
caused, directly or indirectly, in whole or in part, by Contractor, any Subcontractor, Supplier, 
or any other individual or entity directly or indirectly employed by any of them to perform 
any of the Work, or anyone for whose acts any of them may be liable, shall be remedied by 
Contractor at its expense (except damage or loss attributable to the fault of Drawings or 
Specifications or to the acts or omissions of Owner or Engineer or anyone employed by any 
of them, or anyone for whose acts any of them may be liable, and not attributable, directly 
or indirectly, in whole or in part, to the fault or negligence of Contractor or any 
Subcontractor, Supplier, or other individual or entity directly or indirectly employed by any 
of them). 

F. Contractor’s duties and responsibilities for safety and protection shall continue until such 
time as all the Work is completed and Engineer has issued a notice to Owner and Contractor 
in accordance with Paragraph 15.06.B that the Work is acceptable (except as otherwise 
expressly provided in connection with Substantial Completion). 

G. Contractor’s duties and responsibilities for safety and protection shall resume whenever 
Contractor or any Subcontractor or Supplier returns to the Site to fulfill warranty or 
correction obligations, or to conduct other tasks arising from the Contract Documents. 
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7.13 Safety Representative 

A. Contractor shall designate a qualified and experienced safety representative at the Site 
whose duties and responsibilities shall be the prevention of accidents and the maintaining 
and supervising of safety precautions and programs. 

7.14 Hazard Communication Programs 

A. Contractor shall be responsible for coordinating any exchange of safety data sheets or other 
hazard communication information required to be made available to or exchanged between 
or among employers at the Site in accordance with Laws or Regulations. 

7.15 Emergencies 

A. In emergencies affecting the safety or protection of persons or the Work or property at the 
Site or adjacent thereto, Contractor is obligated to act to prevent threatened damage, injury, 
or loss. Contractor shall give Engineer written notice as soon as possible, but in no event later 
than seven (7) days of such emergency if Contractor believes that any significant changes in 
the Work or variations from the Contract Documents have been caused thereby or are 
required as a result thereof. If Engineer determines that a change in the Contract Documents 
is required because of the action taken by Contractor in response to such an emergency, a 
Work Change Directive or Change Order will be issued. 

7.16 Shop Drawings, Samples, and Other Submittals 

A. Shop Drawing and Sample Submittal Requirements: 

1. Before submitting a Shop Drawing or Sample, Contractor shall have: 

a. reviewed and coordinated the Shop Drawing or Sample with other Shop Drawings 
and Samples and with the requirements of the Work and the Contract Documents; 

b. determined and verified all field measurements, quantities, dimensions, specified 
performance and design criteria, installation requirements, materials, catalog 
numbers, and similar information with respect thereto; 

c. determined and verified the suitability of all materials and equipment offered with 
respect to the indicated application, fabrication, shipping, handling, storage, 
assembly, and installation pertaining to the performance of the Work; and 

d. determined and verified all information relative to Contractor’s responsibilities for 
means, methods, techniques, sequences, and procedures of construction, and 
safety precautions and programs incident thereto. 

2. Each submittal shall bear a stamp or specific written certification that Contractor has 
satisfied Contractor’s obligations under the Contract Documents with respect to 
Contractor’s review of that submittal, and that Contractor approves the submittal. 

3. With each submittal, Contractor shall give Engineer specific written notice of any 
variations that the Shop Drawing or Sample may have from the requirements of the 
Contract Documents. This notice shall be set forth in a written communication separate 
from the Shop Drawings or Sample submittal; and, in addition, in the case of Shop 
Drawings by a specific notation made on each Shop Drawing submitted to Engineer for 
review and approval of each such variation. 

B. Submittal Procedures for Shop Drawings and Samples: Contractor shall submit Shop Drawings 
and Samples to Engineer for review and approval in accordance with the accepted Schedule 
of Submittals. Each submittal will be identified as Engineer may require. 
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1. Shop Drawings: 

a. Contractor shall submit the number of copies required in the Specifications. 

b. Data shown on the Shop Drawings will be complete with respect to quantities, 
dimensions, specified performance and design criteria, materials, and similar data 
to show Engineer the services, materials, and equipment Contractor proposes to 
provide and to enable Engineer to review the information for the limited purposes 
required by Paragraph 7.16.D. 

2. Samples: 

a. Contractor shall submit the number of Samples required in the Specifications. 

b. Contractor shall clearly identify each Sample as to material, Supplier, pertinent 
data such as catalog numbers, the use for which intended and other data as 
Engineer may require to enable Engineer to review the submittal for the limited 
purposes required by Paragraph 7.16.D. 

3. Where a Shop Drawing or Sample is required by the Contract Documents or the 
Schedule of Submittals, any related Work performed prior to Engineer’s review and 
approval of the pertinent submittal will be at the sole expense and responsibility of 
Contractor. 

C. Other Submittals: Contractor shall submit other submittals to Engineer in accordance with 
the accepted Schedule of Submittals, and pursuant to the applicable terms of the 
Specifications. 

D. Engineer’s Review: 

1. Engineer will provide timely review of Shop Drawings and Samples in accordance with 
the Schedule of Submittals acceptable to Engineer. Engineer’s review and approval will 
be only to determine if the items covered by the submittals will, after installation or 
incorporation in the Work, conform to the information given in the Contract Documents 
and be compatible with the design concept of the completed Project as a functioning 
whole as indicated by the Contract Documents. 

2. Engineer’s review and approval will not extend to means, methods, techniques, 
sequences, or procedures of construction or to safety precautions or programs incident 
thereto. 

3. Engineer’s review and approval of a separate item as such will not indicate approval of 
the assembly in which the item functions. 

4. Engineer’s review and approval of a Shop Drawing or Sample shall not relieve Contractor 
from responsibility for any variation from the requirements of the Contract Documents 
unless Contractor has complied with the requirements of Paragraph 7.16.A.3 and 
Engineer has given written approval of each such variation by specific written notation 
thereof incorporated in or accompanying the Shop Drawing or Sample. Engineer will 
document any such approved variation from the requirements of the Contract 
Documents in a Field Order. 

5. Engineer’s review and approval of a Shop Drawing or Sample shall not relieve Contractor 
from responsibility for complying with the requirements of Paragraph 7.16.A and B. 

6. Engineer’s review and approval of a Shop Drawing or Sample, or of a variation from the 
requirements of the Contract Documents, shall not, under any circumstances, change 
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the Contract Times or Contract Price, unless such changes are included in a Change 
Order. 

7. Neither Engineer’s receipt, review, acceptance or approval of a Shop Drawing, Sample, 
or other submittal shall result in such item becoming a Contract Document. 

8. Contractor shall perform the Work in compliance with the requirements and 
commitments set forth in approved Shop Drawings and Samples, subject to the 
provisions of Paragraph 7.16.D.4. 

E. Resubmittal Procedures: 

1. Contractor shall make corrections required by Engineer and shall return the required 
number of corrected copies of Shop Drawings and submit, as required, new Samples for 
review and approval. Contractor shall direct specific attention in writing to revisions 
other than the corrections called for by Engineer on previous submittals. 

2. Contractor shall furnish required submittals with sufficient information and accuracy to 
obtain required approval of an item with no more than three submittals. Engineer will 
record Engineer’s time for reviewing a fourth or subsequent submittal of a Shop 
Drawings, sample, or other item requiring approval, and Contractor shall be responsible 
for Engineer’s charges to Owner for such time. Owner may impose a set-off against 
payments due to Contractor to secure reimbursement for such charges. 

3. If Contractor requests a change of a previously approved submittal item, Contractor 
shall be responsible for Engineer’s charges to Owner for its review time, and Owner may 
impose a set-off against payments due to Contractor to secure reimbursement for such 
charges, unless the need for such change is beyond the control of Contractor. 

7.17 Contractor’s General Warranty and Guarantee 

A. Contractor warrants and guarantees to Owner that all Work will be in accordance with the 
Contract Documents and will not be defective.  DPOR and Engineer, and their officers, 
directors, members, partners, employees, agents, consultants, and subcontractors shall be 
entitled to rely on Contractor’s warranty and guarantee. 

B. Contractor’s warranty and guarantee hereunder excludes defects or damage caused by: 

1. abuse, modification, or improper maintenance or operation by persons other than 
Contractor, Subcontractors, Suppliers, or any other individual or entity for whom 
Contractor is responsible; or 

2. normal wear and tear under normal usage. 

C. Contractor’s obligation to perform and complete the Work in accordance with the Contract 
Documents shall be absolute. None of the following will constitute an acceptance of Work 
that is not in accordance with the Contract Documents or a release of Contractor’s obligation 
to perform the Work in accordance with the Contract Documents: 

1. observations by DPOR or Engineer; 

2. recommendation by Engineer or payment by Owner of any progress or final payment; 

3. the issuance of a certificate of Substantial Completion by Engineer or any payment 
related thereto by Owner; 

4. use or occupancy of the Work or any part thereof by Owner; 

5. any review and approval of a Shop Drawing or Sample submittal; 
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6. the issuance of a notice of acceptability by Engineer; 

7. any inspection, test, or approval by others; or 

8. any correction of defective Work by Owner. 

D. If the Contract requires the Contractor to accept the assignment of a contract entered into 
by Owner, then the specific warranties, guarantees, and correction obligations contained in 
the assigned contract shall govern with respect to Contractor’s performance obligations to 
Owner for the Work described in the assigned contract. 

E. Contractor’s Ancillary Warranty Obligations.  All warranties include all labor, and all 
equipment and materials installed, and shall be signed by and delivered to the Contractor 
and countersigned by the Subcontractor performing the same and/or the manufacturer 
thereof, as the case may be.  As of the time of Substantial Completion of the Project, the 
Contractor agrees to assign to Owner any and all warranties relating to labor, equipment and 
materials installed in the Work, including all manufacturers’ warranties.  Contractor further 
agrees to perform the Work in such manner so as to preserve any and all manufacturers’ 
warranties.  In addition to the foregoing, the Contractor shall comply with all other 
warranties referred to in any other provision of the Contract Documents.  Where more than 
one warranty obligation applies hereunder, the more stringent warranty obligation shall 
govern. 

F. Contractor expressly acknowledges that some or all of the Work it is performing is intended 
to be accepted into a local government’s warranty and/or maintenance program and/or will 
be assigned over to a local government entity.  Accordingly, Contractor’s warranty 
obligations extend to those repairs necessary for acceptance into the respective program 
regardless of the cause of the damages.  Owner, in its sole discretion, may attempt to obtain 
appropriate compensation from any responsible third party to offset some of the cost of 
repair to Contractor.  It is the parties intent that this obligation be covered under the 
applicable performance bond issued in conjunction with this Contract. 

7.18 Indemnification 

A. CONTRACTOR’S GENERAL INDEMNITY AND DEFENSE OBLIGATIONS.  TO THE 
MAXIMUM EXTENT PERMITTED BY LAWS AND REGULATIONS, CONTRACTOR SHALL, 
WITH COUNSEL ACCEPTABLE TO THE OWNER, AND AT NO EXPENSE TO THE 
INDEMNIFIED PARTIES, INDEMNIFY, DEFEND AND HOLD HARMLESS THE 
INDEMNIFIED PARTIES FROM AND AGAINST ANY AND ALL LOSSES, EXPENSES, LIENS, 
CLAIMS, DEMANDS, DAMAGES AND CAUSES OF ACTION OF EVERY KIND AND 
CHARACTER WHATSOEVER, FOR INJURY TO OR DEATH OF ANY THIRD PARTY 
PERSONS (INCLUDING BUT NOT LIMITED TO OWNER’S EMPLOYEES) AND/OR LOSS OR 
DAMAGE TO ANY PROPERTY (INCLUDING BUT NOT LIMITED TO PROPERTY 
BELONGING TO OWNER), AND/OR ALL OTHER LIABILITY, DAMAGES, FINES OR 
PENALTIES (EXCEPT WHERE REIMBURSEMENT FOR FINES OR PENALTIES IS 
PROHIBITED BY LAWS AND REGULATIONS), INCLUDING ALL COSTS OF DEFENSE, 
ATTORNEY’S FEES, ALL FEES AND CHARGES OF ENGINEERS, ARCHITECTS, AND OTHER 
PROFESSIONALS AND ALL COURT OR ARBITRATION OR OTHER DISPUTE RESOLUTION 
COSTS ARISING OUT OF OR RELATING TO THE LABOR, MATERIALS, WORK, SERVICES 
OR OPERATIONS OF THE CONTRACTOR OR ANY SUBCONTRACTOR OR SUPPLIER, OR 
THE PERFORMANCE OR FAILURE TO PERFORM ANY OBLIGATION UNDER THE 
CONTRACT DOCUMENTS; PROVIDED THAT, EXCEPT AS EXPRESSLY PROVIDED 
OTHERWISE BELOW, AND THEN ONLY TO THE EXTENT PERMITTED BY LAWS AND 
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REGULATIONS, CONTRACTOR'S OBLIGATIONS OF INDEMNITY AND DEFENSE 
HEREUNDER SHALL NOT APPLY TO ANY CLAIM TO THE EXTENT IT IS ATTRIBUTED TO 
AN INDEMNIFIED PARTY'S NEGLIGENCE OR FAULT (INCLUDING FAULT BASED UPON 
STRICT LIABILITY, WHETHER ARISING BY STATUTE OR COMMON LAW, INCLUDING 
STRICT LIABILITY ARISING OUT OF THE PERFORMANCE OR FAILURE TO PERFORM ANY 
NON-DELEGABLE DUTY), OR BREACH OR VIOLATION OF A STATUTE, ORDINANCE, 
GOVERNMENTAL REGULATION, STANDARD, OR RULE, OR BREACH OF CONTRACT.   

B. Indemnity and Defense Obligations with respect to Bodily Injury to or Death of 
Certain Individuals.  CONTRACTOR SHALL INDEMNIFY, DEFEND AND HOLD THE 
INDEMNIFIED PARTIES HARMLESS FROM AND AGAINST ANY CLAIM DUE TO BODILY 
INJURY OR DEATH TO ANY PERSON WHO IS AN EMPLOYEE OF THE CONTRACTOR, A 
SUBCONTRACTOR OR SUPPLIER, EVEN IF CAUSED OR ALLEGED TO BE CAUSED BY 
AN INDEMNIFIED PARTY'S NEGLIGENCE OR FAULT, IN WHOLE OR IN PART, OR A 
BREACH OR VIOLATION OF A STATUTE, ORDINANCE, GOVERNMENTAL 
REGULATION, STANDARD, OR RULE, OR BREACH OF CONTRACT, NEGLIGENT 
MISREPRESENTATION, GROSS NEGLIGENCE, NEGLIGENCE PER SE, OR FRAUD.  THE 
TERM "FAULT" AS USED HEREIN INCLUDES FAULT BASED UPON STRICT LIABILITY, 
WHETHER ARISING BY STATUTE OR COMMON LAW, INCLUDING STRICT LIABILITY 
ARISING OUT OF THE PERFORMANCE OR FAILURE TO PERFORM ANY NON-
DELEGABLE DUTY. 

C. Other Indemnity and Defense Obligations of Contractor. Contractor shall indemnify, defend 
and hold the Indemnified Parties harmless from and against any and all claims due to or 
arising out of the duty of Contractor to: 

1. Observe, and to not infringe upon, misappropriate, or violate any trade secret, 
copyright, trademark, trade name, service mark, patent or other intellectual or 
intangible property right in connection with this Contract; 

2. Timely pay any third party for materials and equipment furnished and/or work and/or 
labor performed hereunder, or to prevent the imposition or attempted imposition or 
filing of any lien, claim or encumbrance affecting a Project or other property associated 
therewith (failing in which Contractor shall also be liable for and pay promptly upon 
demand any cost Owner incurs to remove it); 

3. Obtain and pay for all permits, licenses and official inspections necessary to the 
performance of the Work, failing in which Contractor shall also be liable for and shall 
pay promptly to Owner upon written demand, all costs required to overcome such 
failure (in addition to any Liquidated Damages for resulting delay that may be assessed 
hereunder); 

4. Comply with all laws, ordinances and regulations bearing on the conduct of the Work, 
including any state or federal anti-discrimination law, or any anti-harassment policy 
(failing in which Contractor shall also be liable for and shall pay promptly to Owner upon 
written demand, all costs, including costs of any penalties, fines, levies, or sanctions, 
resulting from such failure); or 

5. Comply with any other provision or covenant of this Contract. 

D. Owner's Right to Approve Counsel and Participate in Defense of Claims.  Except to the extent 
that Contractor is not permitted to approve legal counsel appointed by its insurer to defend 
a claim against an Indemnified Party under this Paragraph 7.18, the Indemnified Party 
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reserves the right to participate in the approval of such appointed counsel.  If an Indemnified 
Party does not have the right to approve of such appointed legal counsel, the Indemnified 
Party shall have the right to have independent legal counsel of its own choice participate 
with the appointed legal counsel at the Indemnified Party's expense in the defense of the 
claim.  In addition to the foregoing, an Indemnified Party shall have the right to assert against 
any third party any and all cross claims and counterclaims that an Indemnified Party has 
against the third party claimant, and to attend and participate in all conferences concerning 
the defense and or settlement of the claims against the Indemnified Party through the 
Indemnified Party's independent counsel and/or its own designated management 
representative; however, to the extent such participation is not otherwise required or 
requested by appointed counsel for the defense of the claim, such participation shall be at 
the Indemnified Party 's expense. 

E. Contractor's obligations under this Paragraph 7.18 shall survive the termination of this 
Contract for any reason, and shall not be limited in any way by any limitation on the amount 
or type of damages, compensation, or benefits payable by or for Contractor or any 
Subcontractor or Supplier, or other individual or entity under workers’ compensation acts, 
disability benefit acts, or other employee benefit acts. 

7.19 Delegation of Professional Design Services 

A. Contractor will not be required to provide professional design services unless such services 
are specifically required by the Contract Documents for a portion of the Work or unless such 
services are required to carry out Contractor’s responsibilities for construction means, 
methods, techniques, sequences and procedures. Contractor shall not be required to provide 
professional services in violation of applicable Laws and Regulations. 

B. If professional design services or certifications by a design professional related to systems, 
materials, or equipment are specifically required of Contractor by the Contract Documents, 
Owner and Engineer will specify all performance and design criteria that such services must 
satisfy. Contractor shall cause such services or certifications to be provided by a properly 
licensed professional, whose signature and seal shall appear on all drawings, calculations, 
specifications, certifications, and other submittals prepared by such professional. Shop 
Drawings and other submittals related to the Work designed or certified by such 
professional, if prepared by others, shall bear such professional’s written approval when 
submitted to Engineer. 

C. Owner, DPOR and Engineer shall be entitled to rely upon the adequacy, accuracy, and 
completeness of the services, certifications, or approvals performed by such design 
professionals. 

D. Pursuant to this paragraph, Engineer’s review and approval of design calculations and design 
drawings will be only for the limited purpose of checking for conformance with performance 
and design criteria given and the design concept expressed in the Contract Documents. 
Engineer’s review and approval of Shop Drawings and other submittals (except design 
calculations and design drawings) will be only for the purpose stated in Paragraph 7.16.D.1. 

E. Contractor shall not be responsible for the adequacy of the performance or design criteria 
specified by Owner or Engineer. 



 

General Conditions of the Construction Contract  Page 40 of 68 
Agreement Between Owner and Contractor (Central Pump Station) 

ARTICLE 8 – OTHER WORK AT THE SITE 

8.01 Other Work 

A. In addition to and apart from the Work under the Contract Documents, the Owner may 
perform other work at or adjacent to the Site. Such other work may be performed by Owner’s 
employees, or through contracts between the Owner and Separate Contractors. Owner may 
also arrange to have third-party utility owners perform work on their utilities and facilities at 
or adjacent to the Site. 

B. If Owner performs other work at or adjacent to the Site with Owner’s employees, or through 
Separate Contractors, then Owner shall give Contractor written notice thereof prior to 
starting any such other work. If Owner has advance information regarding the start of any 
utility work at or adjacent to the Site, Owner shall provide such information to Contractor. 

C. Contractor shall afford each Separate Contractors that performs such other work, each utility 
owner performing other work, and Owner, if Owner is performing other work with Owner’s 
employees, proper and safe access to the Site, and provide a reasonable opportunity for the 
introduction and storage of materials and equipment and the execution of such other work. 
Contractor shall do all cutting, fitting, and patching of the Work that may be required to 
properly connect or otherwise make its several parts come together and properly integrate 
with such other work. Contractor shall not endanger any work of others by cutting, 
excavating, or otherwise altering such work; provided, however, that Contractor may cut or 
alter others' work with the written consent of Engineer and the others whose work will be 
affected. 

D. If the proper execution or results of any part of Contractor’s Work depends upon work 
performed by others under this Article 8, Contractor shall inspect such other work and 
promptly report to Engineer in writing any delays, defects, or deficiencies in such other work 
that render it unavailable or unsuitable for the proper execution and results of Contractor’s 
Work. Contractor’s failure to so report will constitute an acceptance of such other work as 
fit and proper for integration with Contractor’s Work except for defects and deficiencies in 
such other work Contractor could not have discovered despite its exercise of the Standard of 
Care. 

8.02 Coordination 

A. If Owner intends to contract with others for the performance of other work at or adjacent to 
the Site, to perform other work at or adjacent to the Site with Owner’s employees, or to 
arrange to have utility owners perform work at or adjacent to the Site, the following will be 
set forth in the Supplementary Conditions or provided to Contractor prior to the start of any 
such other work: 

1. the identity of the individual or entity that will have authority and responsibility for 
coordination of the activities among the various contractors; 

2. an itemization of the specific matters to be covered by such authority and responsibility; 
and 

3. the extent of such authority and responsibilities. 

B. Unless otherwise provided in the Supplementary Conditions, Owner shall have sole authority 
and responsibility for such coordination. 



 

General Conditions of the Construction Contract  Page 41 of 68 
Agreement Between Owner and Contractor (Central Pump Station) 

8.03 Legal Relationships 

A. If, in the course of performing other work at or adjacent to the Site for Owner, the Owner’s 
employees, any Separate Contractor working for Owner, or any utility owner for whom the 
Owner is responsible causes damage to the Work or to the property of Contractor or its 
Subcontractors, or delays, disrupts, interferes with, or increases the scope or cost of the 
performance of the Work, through actions or inaction, then Contractor may be entitled to an 
equitable adjustment in the Contract Price or the Contract Times, or both. Contractor must 
submit any Change Proposal seeking an equitable adjustment in the Contract Price or the 
Contract Times under this paragraph within 30 days of the damaging, delaying, disrupting, or 
interfering event. The entitlement to, and extent of, any such equitable adjustment shall take 
into account information (if any) regarding such other work that was provided to Contractor 
in the Contract Documents prior to the submittal of the Bid or the final negotiation of the 
terms of the Contract. When applicable, any such equitable adjustment in Contract Price shall 
be conditioned on Contractor assigning to Owner all Contractor’s rights against such other 
contractor or utility owner with respect to the damage, delay, disruption, or interference 
that is the subject of the adjustment. Contractor’s entitlement to an adjustment of the 
Contract Times is conditioned on such adjustment being essential to Contractor’s ability to 
complete the Work within the Contract Times. 

B. Contractor shall take reasonable and customary measures to avoid damaging, delaying, 
disrupting, or interfering with the work of Owner, any other contractor, or any utility owner 
performing other work at or adjacent to the Site. If Contractor fails to take such measures 
and as a result damages, delays, disrupts, or interferes with the work of any such other 
contractor or utility owner, then Owner may impose a set-off against payments due to 
Contractor, and assign to such other contractor or utility owner the Owner’s contractual 
rights against Contractor with respect to the breach of the obligations set forth in this 
paragraph. 

C. When Owner is performing other work at or adjacent to the Site with Owner’s employees, 
Contractor shall be liable to Owner for damage to such other work, and for the reasonable 
direct delay, disruption, and interference costs incurred by Owner as a result of Contractor’s 
failure to take reasonable and customary measures with respect to Owner’s other work. In 
response to such damage, delay, disruption, or interference, Owner may impose a set-off 
against payments due to Contractor. 

D. If Contractor damages, delays, disrupts, or interferes with the work of any Separate 
Contractor, or any utility owner performing other work at or adjacent to the Site, through 
Contractor’s failure to take reasonable and customary measures to avoid such impacts, or if 
any claim arising out of Contractor’s actions, inactions, or negligence in performance of the 
Work at or adjacent to the Site is made by any such other contractor or utility owner against 
Contractor, Owner, or Engineer, then Contractor shall (1) promptly attempt to settle the 
claim as to all parties through negotiations with such other contractor or utility owner, or 
otherwise resolve the claim by arbitration or other dispute resolution proceeding or at law, 
and (2) indemnify and hold harmless the Indemnified Parties from and against any such 
claims, and against all costs, losses, and damages (including but not limited to all fees and 
charges of engineers, architects, attorneys, and other professionals and all court or 
arbitration or other dispute resolution costs) arising out of or relating to such damage, delay, 
disruption, or interference. 
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ARTICLE 9 – OWNER’S RESPONSIBILITIES 

9.01 Communications to Contractor 

A. Except as otherwise provided in these General Conditions, Owner shall issue all 
communications to Contractor through Engineer.  Provided, however, Owner shall have the 
right to communicate directly with the Contractor when deemed necessary and/or 
appropriate by the Owner in its sole discretion.  

9.02 Replacement of Engineer 

A. Owner may at its discretion appoint an engineer to replace Engineer.  If Owner replaces the 
Engineer for any reason, Owner shall notify Contractor in writing of the replacement 
Engineer, whose status under the Contract Documents shall be that of the former Engineer. 

9.03 Furnish Data 

A. Owner shall furnish the data required of Owner under the Contract Documents. 

9.04 Pay When Due 

A. Owner shall make payments to Contractor when they are due as provided in the Agreement. 

9.05 Lands and Easements; Reports, Tests, and Drawings 

A. Owner’s duties with respect to providing lands and easements are set forth in Paragraph 
5.01. 

B. Owner’s duties with respect to providing engineering surveys to establish reference points 
are set forth in Paragraph 4.03. 

C. Article 5 refers to Owner’s identifying and making available to Contractor copies of reports 
of explorations and tests of conditions at the Site, and drawings of physical conditions 
relating to existing surface or subsurface structures at the Site. 

9.06 Insurance 

A. Owner’s responsibilities, if any, with respect to purchasing and maintaining liability and 
property insurance are set forth in Article 6. 

9.07 Change Orders 

A. Owner’s responsibilities with respect to Change Orders are set forth in Article 11. 

9.08 Inspections, Tests, and Approvals 

A. Owner’s responsibility with respect to certain inspections, tests, and approvals is set forth in 
Paragraph 14.02.B. 

9.09 Limitations on Owner’s Responsibilities 

A. The Owner shall not supervise, direct, or have control or authority over, nor be responsible 
for, Contractor’s means, methods, techniques, sequences, or procedures of construction, or 
the safety precautions and programs incident thereto, or for any failure of Contractor to 
comply with Laws and Regulations applicable to the performance of the Work. Owner will 
not be responsible for Contractor’s failure to perform the Work in accordance with the 
Contract Documents. 

9.10 Undisclosed Hazardous Environmental Condition 

A. Owner’s responsibility in respect to an undisclosed Hazardous Environmental Condition is set 
forth in Paragraph 5.06. 
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9.11 Evidence of Financial Arrangements 

A. Upon request of Contractor, Owner shall furnish Contractor reasonable evidence that 
financial arrangements have been made to satisfy Owner’s obligations under the Contract 
Documents (including obligations under proposed changes in the Work). 

ARTICLE 10 – ENGINEER’S STATUS DURING CONSTRUCTION 

10.01 Owner’s Representative 

A. Engineer will be Owner’s representative during the construction period. The duties and 
responsibilities and the limitations of authority of Engineer as Owner’s representative during 
construction are set forth in the Contract. 

10.02 Visits to Site 

A. Engineer will make visits to the Site at intervals appropriate to the various stages of 
construction as Engineer deems necessary in order to observe as an experienced and 
qualified design professional the progress that has been made and the quality of the various 
aspects of Contractor’s executed Work. Based on information obtained during such visits and 
observations, Engineer, for the benefit of Owner, will determine, in general, if the Work is 
proceeding in accordance with the Contract Documents. Engineer will not be required to 
make exhaustive or continuous inspections on the Site to check the quality or quantity of the 
Work. Engineer’s efforts will be directed toward providing for Owner a greater degree of 
confidence that the completed Work will conform generally to the Contract Documents. On 
the basis of such visits and observations, Engineer will keep Owner informed of the progress 
of the Work and will endeavor to guard Owner against defective Work. 

B. Engineer’s visits and observations are subject to all the limitations on Engineer’s authority 
and responsibility set forth in Paragraph 10.08.  Particularly, but without limitation, during 
or as a result of Engineer’s visits or observations of Contractor’s Work, Engineer will not 
supervise, direct, control, or have authority over or be responsible for Contractor’s means, 
methods, techniques, sequences, or procedures of construction, or the safety precautions 
and programs incident thereto, or for any failure of Contractor to comply with Laws and 
Regulations applicable to the performance of the Work. 

10.03 Project Representative 

A. If Owner and Engineer have agreed that Engineer will furnish a Resident Project 
Representative to represent Engineer at the Site and assist Engineer in observing the 
progress and quality of the Work, then the authority and responsibilities of any such Resident 
Project Representative will be as provided in the Supplementary Conditions, and limitations 
on the responsibilities thereof will be as provided in Paragraph 10.08. If Owner designates 
another representative or agent to represent Owner at the Site who is not Engineer’s 
consultant, agent, or employee, the responsibilities and authority and limitations thereon of 
such other individual or entity will be as provided in the Supplementary Conditions. 

 

10.04 Rejecting Defective Work 

A. Engineer has the authority to reject Work in accordance with Article 14. 

10.05 Shop Drawings, Change Orders and Payments 

A. Engineer’s authority, and limitations thereof, as to Shop Drawings and Samples, are set forth 
in Paragraph 7.16. 
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B. Engineer’s authority, and limitations thereof, as to design calculations and design drawings 
submitted in response to a delegation of professional design services, if any, are set forth in 
Paragraph 7.19. 

C. Engineer’s authority as to Change Orders is set forth in Article 11. 

D. Engineer’s authority as to Applications for Payment is set forth in Article 15. 

10.06 Determinations for Unit Price Work 

A. Engineer will determine the actual quantities and classifications of Unit Price Work 
performed by Contractor as set forth in Paragraph 13.03. 

10.07 Decisions on Requirements of Contract Documents and Acceptability of Work 

A. Engineer will render decisions regarding the requirements of the Contract Documents, and 
judge the acceptability of the Work, pursuant to the specific procedures set forth herein for 
initial interpretations, Change Proposals, and acceptance of the Work. In rendering such 
decisions and judgments, Engineer will not show partiality to Owner or Contractor, and will 
not be liable to Owner, Contractor, or others in connection with any proceedings, 
interpretations, decisions, or judgments conducted or rendered in good faith. 

10.08 Limitations on Engineer’s Authority and Responsibilities 

A. Neither Engineer’s authority or responsibility under this Article 10 or under any other 
provision of the Contract, nor any decision made by Engineer in good faith either to exercise 
or not exercise such authority or responsibility or the undertaking, exercise, or performance 
of any authority or responsibility by Engineer, shall create, impose, or give rise to any duty in 
contract, tort, or otherwise owed by Engineer to Contractor, any Subcontractor, any Supplier, 
any other individual or entity, or to any surety for or employee or agent of any of them. 

B. Engineer will not supervise, direct, control, or have authority over or be responsible for 
Contractor’s means, methods, techniques, sequences, or procedures of construction, or the 
safety precautions and programs incident thereto, or for any failure of Contractor to comply 
with Laws and Regulations applicable to the performance of the Work. Engineer will not be 
responsible for Contractor’s failure to perform the Work in accordance with the Contract 
Documents. 

C. Engineer will not be responsible for the acts or omissions of Contractor or of any 
Subcontractor, any Supplier, or of any other individual or entity performing any of the Work. 

D. Engineer’s review of the final Application for Payment and accompanying documentation 
and all maintenance and operating instructions, schedules, guarantees, bonds, certificates of 
inspection, tests and approvals, and other documentation required to be delivered by 
Paragraph 15.06.A will only be to determine generally that their content complies with the 
requirements of, and in the case of certificates of inspections, tests, and approvals, that the 
results certified indicate compliance with the Contract Documents. 

E. The limitations upon authority and responsibility set forth in this Paragraph 10.08 shall also 
apply to the Resident Project Representative, if any. 

10.09 Compliance with Safety Program 

A. While at the Site, Engineer’s employees and representatives will comply with the specific 
applicable requirements of Owner’s and Contractor’s safety programs (if any) of which 
Engineer has been informed. 
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ARTICLE 11 – AMENDING THE CONTRACT DOCUMENTS; CHANGES IN THE WORK 

11.01 Amending and Supplementing Contract Documents 

A. The Contract Documents may be amended or supplemented by a Change Order, a Work 
Change Directive, or a Field Order. 

1. Change Orders: 

a. If an amendment or supplement to the Contract Documents includes a change in 
the Contract Price or the Contract Times, such amendment or supplement must be 
set forth in a Change Order. A Change Order also may be used to establish 
amendments and supplements of the Contract Documents that do not affect the 
Contract Price or Contract Times. 

b. Owner and Contractor may amend those terms and conditions of the Contract 
Documents that do not involve (1) the performance or acceptability of the Work, 
(2) the design (as set forth in the Drawings, Specifications, or otherwise), or (3) 
other engineering or technical matters, without the recommendation of the 
Engineer. Such an amendment shall be set forth in a Change Order. 

2. Work Change Directives: A Work Change Directive will not change the Contract Price or 
the Contract Times but is evidence that the parties expect that the modification ordered 
or documented by a Work Change Directive will be incorporated in a subsequently 
issued Change Order, following negotiations by the parties as to the Work Change 
Directive’s effect, if any, on the Contract Price and Contract Times; or, if negotiations 
are unsuccessful, by a determination under the terms of the Contract Documents 
governing adjustments, expressly including Paragraph 11.04 regarding change of 
Contract Price. Contractor must submit any Change Proposal seeking an adjustment of 
the Contract Price or the Contract Times, or both, no later than 30 days after the 
completion of the Work set out in the Work Change Directive.  Owner must submit any 
claim seeking an adjustment of the Contract Price or the Contract Times, or both, no 
later than 60 days after issuance of the Work Change Directive. 

3. Field Orders: Engineer may authorize minor changes in the Work if the changes do not 
involve an adjustment in the Contract Price or the Contract Times and are compatible 
with the design concept of the completed Project as a functioning whole as indicated by 
the Contract Documents. Such changes will be accomplished by a Field Order and will 
be binding on Owner and also on Contractor, which shall perform the Work involved 
promptly. If Contractor believes that a Field Order justifies an adjustment in the 
Contract Price or Contract Times, or both, then before proceeding with the Work at 
issue, Contractor shall submit a Change Proposal as provided herein. 

11.02 Owner-Authorized Changes in the Work 

A. Without invalidating the Contract and without notice to any surety, Owner may, at any time 
or from time to time, order additions, deletions, or revisions in the Work. Such changes shall 
be supported by Engineer’s recommendation, to the extent the change involves the design 
(as set forth in the Drawings, Specifications, or otherwise), or other engineering or technical 
matters. Such changes may be accomplished by a Change Order, if Owner and Contractor 
have agreed as to the effect, if any, of the changes on Contract Times or Contract Price; or 
by a Work Change Directive. Upon receipt of any such document, Contractor shall promptly 
proceed with the Work involved; or, in the case of a deletion in the Work, promptly cease 
construction activities with respect to such deleted Work. Added or revised Work shall be 
performed under the applicable conditions of the Contract Documents. Nothing in this 
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paragraph shall obligate Contractor to undertake work that Contractor reasonably concludes 
cannot be performed in a manner consistent with Contractor’s safety obligations under the 
Contract Documents or Laws and Regulations. 

11.03  Unauthorized Changes in the Work 

A. Contractor shall not be entitled to an increase in the Contract Price or an extension of the 
Contract Times with respect to any work performed that is not required by the Contract 
Documents, as amended, modified, or supplemented, except in the case of an emergency as 
provided in Paragraph 7.15 or in the case of uncovering Work as provided in Paragraph 14.05. 

11.04 Change of Contract Price 

A. The Contract Price may only be changed by a Change Order. Any Change Proposal for an 
adjustment in the Contract Price shall comply with the provisions of Paragraph 11.06.   

B. An adjustment in the Contract Price will be determined as follows: 

1. where the Work involved is covered by unit prices contained in the Contract Documents, 
then by application of such unit prices to the quantities of the items involved (subject 
to the provisions of Paragraph 13.03); or 

2. where the Work involved is not covered by unit prices contained in the Contract 
Documents, then by a mutually agreed lump sum (which may include an allowance for 
overhead and profit not necessarily in accordance with Paragraph 11.04.C.2); or 

3. where the Work involved is not covered by unit prices contained in the Contract 
Documents and the parties do not reach mutual agreement to a lump sum, then on the 
basis of the Cost of the Work (determined as provided in Paragraph 13.01) plus a 
Contractor’s fee for overhead and profit (determined as provided in Paragraph 11.04.C). 

C. Contractor’s Fee: When applicable, the Contractor’s fee for overhead and profit shall be 
determined as follows: 

1. a mutually acceptable fixed fee; or 

2. if a fixed fee is not agreed upon, then a fee based on the following percentages of the 
various portions of the Cost of the Work: 

a. for costs incurred under Paragraphs 13.01.B.1 and 13.01.B.2, the Contractor’s fee 
shall be 15 percent; 

b. for costs incurred under Paragraph 13.01.B.3, the Contractor’s fee shall be five 
percent; 

c. where one or more tiers of subcontracts are on the basis of Cost of the Work plus 
a fee and no fixed fee is agreed upon, the intent of Paragraphs 11.04.C.2.a and 
11.04.C.2.b is that the Contractor’s fee shall be based on: (1) a fee of 15 percent of 
the costs incurred under Paragraphs 13.01.A.1 and 13.01.A.2 by the Subcontractor 
that actually performs the Work, at whatever tier, and (2) with respect to 
Contractor itself and to any Subcontractors of a tier higher than that of the 
Subcontractor that actually performs the Work, a fee of five percent of the amount 
(fee plus underlying costs incurred) attributable to the next lower tier 
Subcontractor; provided, however, that for any such subcontracted work the 
maximum total fee to be paid by Owner shall be no greater than 27 percent of the 
costs incurred by the Subcontractor that actually performs the work; 

d. no fee shall be payable on the basis of costs itemized under Paragraphs 13.01.B.4, 
13.01.B.5, and 13.01.C; 
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e. the amount of credit to be allowed by Contractor to Owner for any change which 
results in a net decrease in cost will be the amount of the actual net decrease in 
cost plus a deduction in Contractor’s fee by an amount equal to five percent of such 
net decrease; and 

f. when both additions and credits are involved in any one change, the adjustment in 
Contractor’s fee shall be computed on the basis of the net change in accordance 
with Paragraphs 11.04.C.2.a through 11.04.C.2.e, inclusive. 

11.05 Change of Contract Times 

A. The Contract Times may only be changed by a Change Order. Any Change Proposal for an 
adjustment in the Contract Times shall comply with the provisions of Paragraph 11.06.  

B. An adjustment of the Contract Times shall be subject to the limitations set forth in Paragraph 
4.05, concerning delays in Contractor’s progress. 

11.06 Change Proposals 

A. Contractor shall submit a Change Proposal to Engineer to request an adjustment in the 
Contract Times or Contract Price; appeal an initial decision by Engineer concerning the 
requirements of the Contract Documents or relating to the acceptability of the Work under 
the Contract Documents; contest a set-off against payment due; or seek other relief under 
the Contract. The Change Proposal shall specify any proposed change in Contract Times or 
Contract Price, or both, or other proposed relief, and explain the reason for the proposed 
change, with citations to any governing or applicable provisions of the Contract Documents. 

1. Procedures: Contractor shall submit each Change Proposal to Engineer promptly (but in 
no event later than 30 days) after the start of the event giving rise thereto, or after such 
initial decision. The Contractor shall submit supporting data, including the proposed 
change in Contract Price or Contract Time (if any), to the Engineer and Owner within 15 
days after the submittal of the Change Proposal. The supporting data shall be 
accompanied by a written statement that the supporting data are accurate and 
complete, and that any requested time or price adjustment is the entire adjustment to 
which Contractor believes it is entitled as a result of said event. Engineer will advise 
Owner regarding the Change Proposal, and consider any comments or response from 
Owner regarding the Change Proposal. 

2. Engineer’s Recommendation: Engineer will review each Change Proposal and, within 30 
days after receipt of the Contractor’s supporting data, either recommend to the Owner 
to deny the Change Proposal in whole, approve it in whole, or deny it in part and 
approve it in part.  If Engineer does not provide the Owner with its recommendation 
regarding the Change Proposal within 30 days of receipt of such Change Proposal, the 
Change Proposal shall be deemed denied.  Such recommendation, if any, shall be in 
writing, with a copy provided to Owner and Contractor.  

3. Owner’s Action:  If Owner does not take action on the Change Proposal within 30 days 
of receiving Engineer’s recommendation, if any, the Change Proposal shall be deemed 
denied.   

4. Binding Decision: The Owner’s decision will be final and binding upon Contractor unless 
Contractor initiates dispute resolution proceedings under Article 12. 
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11.07 Execution of Change Orders 

A. Owner and Contractor shall execute appropriate Change Orders covering: 

1. changes in the Contract Price or Contract Times which are agreed to by the parties, 
including any undisputed sum or amount of time for Work actually performed in 
accordance with a Work Change Directive; 

2. changes in Contract Price resulting from an Owner set-off, unless Contractor has duly 
contested such set-off; 

3. changes in the Work which are: (a) ordered by Owner pursuant to Paragraph 11.02, (b) 
required because of Owner’s acceptance of defective Work under Paragraph 14.04 or 
Owner’s correction of defective Work under Paragraph 14.07, or (c) agreed to by the 
parties, subject to the need for Engineer’s recommendation if the change  in the Work 
involves the design (as set forth in the Drawings, Specifications, or otherwise), or other 
engineering or technical matters; and 

4. changes in the Contract Price or Contract Times, or other changes, which embody the 
substance of any final and binding results under Paragraph 11.06, or Article 12. 

B. If Owner or Contractor refuse to execute a Change Order pursuant to this Paragraph 11.07, 
either party, subject to Section 4.04.B, may proceed in accordance with Article 12. 

11.08 Notification to Surety 

A. If the provisions of any bond require notice to be given to a surety of any change affecting 
the general scope of the Work or the provisions of the Contract Documents (including, but 
not limited to, Contract Price or Contract Times), the giving of any such notice will be 
Contractor’s responsibility. The amount of each applicable bond will be adjusted to reflect 
the effect of any such change. 

ARTICLE 12 – CLAIMS AND DISPUTES 

12.01 Except as may otherwise be set forth in the Supplementary Conditions, the parties shall comply 
with the following dispute resolution procedures. 

A. In the event of a Dispute, Owner and Contractor agree that, as a condition precedent to 
mediation under this Agreement, the Owner’s representative and the Contractor’s 
representative shall meet and attempt to resolve the Dispute.   

B. If the matter is not resolved by these representatives within fifteen (15) days after the 
Dispute arose, then Owner and Contractor shall each designate a senior executive-level 
representative (with similar or equivalent organizational stature).  The senior 
representatives of each party shall meet at a mutually agreeable time and place within thirty 
(30) days after the date the Dispute arose.  A member of the Owner’s Board shall be present 
at this meeting and shall have authority to make recommendations to the Owner’s Board 
regarding resolution of the Dispute; the senior representative of the Contractor present at 
this meeting shall have authority to settle the Dispute. 

C. If the Dispute has not been resolved within fifteen (15) days after the date on which the 
senior representatives first met, then either party may request a non-binding mediation of 
the Dispute by providing the other written notice of the desire to mediate the Dispute.  Once 
such a mediation notice is issued by one of the parties, the following mediation procedures 
shall be mandatory unless the parties agree in writing to waive mediation.  All such 
mediations shall occur before a single mediator located in Houston, Texas.  The mediator 
shall be mutually agreed upon by the parties, provided, however, if they are unable to agree 
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upon an acceptable mediator within ten (10) days after the date the written notice of desire 
to mediate is received, either party may petition the American Arbitration Association 
("AAA") for the appointment of a mediator, and the mediation, including the selection of the 
mediator, shall occur pursuant to the AAA's Construction Industry Mediation Rules then in 
effect.  The parties shall be equally responsible for the fees and expenses of the mediator.   

D. If the Dispute has not been resolved pursuant to mediation within sixty (60) days after 
initiation of the mediation procedure described above in Paragraph 12.01.C, then either 
party may pursue any remedies available under this Agreement, at law, or in equity in any 
state district court in Harris County, Texas, which both parties agree has sole and exclusive 
jurisdiction to adjudicate all Disputes. 

ARTICLE 13 – COST OF THE WORK; ALLOWANCES; UNIT PRICE WORK 

13.01 Cost of the Work 

A. Purposes for Determination of Cost of the Work: The term Cost of the Work means the sum 
of all costs necessary for the proper performance of the Work at issue, as further defined 
below. The provisions of this Paragraph 13.01 are used to determine the value of a Change 
Order, Change Proposal, Claim, set-off, or other adjustment in Contract Price when the value 
of any such adjustment is determined on the basis of Cost of the Work.   Contractor is entitled 
only to those additional or incremental costs required because of the change in the Work or 
because of the event giving rise to the adjustment. 

B. The term “Cost of the Work” means costs which Contractor must necessarily incur to 
properly perform the changed Work in strict compliance with the Contract Documents.  
Except as otherwise may be agreed to in writing by Owner, costs included in the Cost of the 
Work shall be in amounts no higher than those prevailing in the locality of the Project, shall 
not include any of the costs itemized in Paragraph 13.01.C, and shall include only the 
following items: 

1. Labor and Administrative: 

a. Reasonable and customary wages paid to construction workers directly employed 
by Contractor who perform the construction of the Work. 

b. Reasonable and customary wages or salaries of Contractor's supervisory and 
administrative personnel, but only when stationed full-time at the Site, or if 
stationed part time at the Site or off-site, to the extent their time is directly 
attributable to the furtherance of the Work.   

c. Costs paid or incurred by Contractor for labor costs arising out of taxes, insurance, 
and benefits which are: (i) required by law; (ii) required by collective bargaining 
agreements; or (iii) are otherwise customary, so long as such costs are based on 
wages and salaries which are properly included in the Cost of the Work as defined 
herein.  

d. Reasonable and customary travel expenses of Contractor's personnel incurred 
directly and solely in support of the Project and approved in advance in writing by 
Owner. 

e. Cost of long-distance telephone calls, telegrams, postage, package delivery and 
courier service, telephone service, employee cell phone service, truck allowance, 
employee vehicle expenses, including fuel, and reasonable and customary petty 
cash expenses of Contractor's Worksite office, incurred directly and solely in 
support of the Work, and all incurred at the site.  
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2. Materials, Equipment, Tools, Rentals: 

a. Costs of materials and equipment to be incorporated (or incorporated) into the 
Work, including transportation charges, and a reasonable and customary 
allowance for waste and spoilage.  Owner shall be entitled to take possession of 
excess materials not incorporated into the Work, or at Owner's option, Contractor 
shall sell such materials and deduct the gross proceeds from the Cost of the Work.   

b. Cost of materials, supplies, temporary facilities, equipment, and hand tools except 
for those customarily owned by construction workers, all provided at the site by 
Contractor, if such items are fully consumed in the construction of the Work, and 
Owner approves such purchase in advance in writing.  Cost for used items shall be 
based on fair market value and may include costs of transportation, installation, 
minor maintenance costs, and removal.  If the item is not fully consumed, then the 
cost shall be based on cost of the item minus its fair market salvage value. 

c. Rental charges for temporary facilities, equipment, and hand tools except for those 
customarily owned by construction workers, all provided at the site by Contractor, 
and may include transportation, installation, and minor maintenance costs, and 
removal, all so long as Owner has approved such items and the rental rates in 
advance in writing.  If tools, machinery or construction equipment are rented from 
Contractor, the amount of such rental, the rate of such rentals, including the freight 
and delivery cost thereon and all operating expenses except labor, shall be 
approved by the Owner before commitments are made and shall in no event be 
higher than the prevailing competitive rates paid in the locality for similar 
equipment, as documented by Contractor with two or more competitive quotes 
from local rental companies.  In no event shall the aggregate rental cost to Owner 
exceed the purchase price and maintenance cost of the item.  In the event 
equipment can be purchased for an amount comparable to the aggregate rental 
cost of said equipment, Contractor shall purchase such equipment and turn it over 
to Owner upon Final Completion of the Work, or, at Owner's option, credit to the 
Owner with the amount of the fair market resale value. 

d. Site debris removal and disposal costs in accordance with all applicable laws and 
regulations. 

3. Subcontracts: Payments made to Subcontractors by Contractor for the construction of 
the Work in accordance with the Contract Documents and the requirements of the 
Subcontracts with such Subcontractors. 

4. Other costs: 

a. Governmental sales and use taxes directly attributable to the Work. Owner is a tax-
exempt organization and Contractor shall avail itself of all exemptions which may 
exist for such taxes based on Owner's status. 

b. Permit and inspection fees for which Owner is not exempt or for which the Owner 
has responsibility, but elects not to pay directly. 

c. Testing fees pursuant to the terms and conditions of the General Conditions with 
prior written approval from Owner. 

d. Intellectual property royalties and licenses for items specifically required by the 
Contract Documents, which are, or will be, incorporated into the Work. 

e. Forfeited deposits, but only if such deposit has been forfeited in the absence of any 
fault or negligence of Contractor. 
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f. Other costs approved in advance in writing by Owner at Owner's sole option and 
discretion. 

g. Costs of all information technology required on the Project, including computers, 
DSL connections, air cards and all other necessary accessories. 

C. Costs Not Included in the Cost of the Work.  The following shall not be included in the Cost of 
Work to be paid by Owner: 

1. Any cost including legal and administrative costs relating to the failure to perform of any 
Subcontractor or the bankruptcy or insolvency of any Subcontractor. 

2. Any costs, including legal and administrative costs, to review and negotiate these 
Contract Documents. 

3. Travel and subsistence expense of Contractor, its officers or employees incurred while 
traveling between the Project and Contractor 's principal or branch offices, and travel in 
the metropolitan area of the Project. 

4. Fines, penalties, sanctions or impositions assessed or imposed by any governmental 
body, instrumentality or tribunal arising from the fault or negligence of Contractor. 

5. Cost incurred by Contractor resulting from the failure of Contractor or its Subcontractors 
to coordinate their work with that of Owner and its contractors, if any, after agreeing to 
the schedules thereof, or failure of Contractor to comply with directives of Owner not 
in conflict with said schedules. 

6. Costs resulting from the failure of Contractor or any Subcontractor to procure and 
maintain insurance as and to the extent required by the Contract Documents. 

7. Any and all personnel costs, including, without limitation, wages, salaries, and benefits, 
except for personnel based at the site office and only as specifically provided herein or 
except as set forth in Paragraph 13.01.B.1 above. 

8. Any and all overhead expense or office expense at any location, except site office 
expense to the extent specifically included herein. 

9. Costs related to Contractor's indemnification obligations. 

10. The cost of capital, including, without limitation, interest on capital, regardless of 
whether it is related to the Project. 

11. Any cost arising out of the fault or negligence and/or willful misconduct of Contractor, 
its Subcontractors, or any person or entity for whom they may be liable, including 
without limitation, costs related to defective, rejected, or nonconforming work, 
materials or equipment, and damage to persons or property, including warranty work. 

12. Actual damages imposed by Owner for failure of Contractor to complete the Work 
within the Contract Time. 

13. Any and all costs not specifically authorized herein. 

14. Any and all education, training, and certification expenses and all other costs and 
expenses not listed in Paragraph 13.01.B. 

D. Discounts, Rebates, and Refunds.  The Cost of the Work to be paid by Owner shall be credited 
with the following items: 

1. Proceeds of the sale of all tools, surplus materials, construction equipment, and 
temporary structures that have been charged to the Work other than by way of rental, 
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and remain after completion, whether such sale is made to the Owner, the Contractor, 
or to some other party; and any such sale, if made to others than the Owner, shall be at 
fair market price.  Upon completion of the Work or when no longer required, all tools, 
construction equipment and materials purchased for the Work shall be sold and the 
Contractor shall use its best efforts to obtain the highest price in respect of such sales. 

2. If Owner makes funds available to Contractor, discounts earned by Contractor through 
advance or prompt payments.  Contractor shall obtain all possible trade and time 
discounts on bills for material furnished, and shall pay said bills within the highest 
discount periods.  Contractor shall purchase materials for this Project in such quantities 
as will provide the most advantageous prices to the Owner. 

3. Reasonable market value as approved by the Owner at the time of removal of all 
materials, tools, and equipment actually purchased for the Work and upon completion 
of the Work retained by Contractor. 

4. Rebates, discounts, or commissions allowed to and collected by Contractor from 
suppliers of materials or from subcontractors, together with all other refunds, returns, 
or credits received for return of materials and/or on bond premiums, by way of dividend 
or otherwise and/or insurance and/or sales taxes at the time received by Contractor. 

5. Contractor shall reimburse Owner for deposits made by Owner and not returned to 
Owner due to the fault of Contractor.  Should Contractor not promptly so reimburse 
Owner upon demand, Owner shall be entitled to recover said amount from Contractor 
including, but not limited to, by deducting the amount from payments due Contractor. 

E. Contractor shall at all times observe and comply with federal, state, and local laws, rules, 
ordinances, and regulations, including all applicable requirements of the Texas Water 
Development Board, which in any manner affect this Contract or the Work; TO THE 
MAXIMUM EXTENT PERMITTED BY LAW CONTRACTOR SHALL INDEMNIFY AND SAVE THE 
INDEMNIFIED PARTIES HARMLESS AGAINST ANY CLAIM ARISING FROM VIOLATION OF ANY 
SUCH LAWS OR ORDINANCES WHETHER BY CONTRACTOR, ITS EMPLOYEES, AGENTS, 
PERMITTEES, OR LICENSEES; and notify Owner promptly upon discovery of any instance of 
failure to comply with applicable laws, ordinances, and regulations. 

F. Contractor’s Fee: When the value of any Work covered by a Change Order, Change Proposal, 
Claim, set-off, or other adjustment in Contract Price is determined on the basis of Cost of the 
Work, Contractor’s fee shall be determined as set forth in Paragraph 11.04.C. 

G. Documentation: Whenever the Cost of the Work for any purpose is to be determined 
pursuant to this Article 13, Contractor will establish and maintain records thereof in 
accordance with generally accepted accounting practices and submit in a form acceptable to 
Engineer an itemized cost breakdown together with supporting data. 

13.02 Allowances 

A. It is understood that Contractor has included in the Contract Price all allowances so named 
in the Contract Documents and shall cause the Work so covered to be performed for such 
sums and by such persons or entities as may be acceptable to Owner and Engineer. 

B. Cash Allowances: Contractor agrees that: 

1. the cash allowances include the cost to Contractor (less any applicable trade discounts) 
of materials and equipment required by the allowances to be delivered at the Site, and 
all applicable taxes; and 
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2. Contractor’s costs for unloading and handling on the Site, labor, installation, overhead, 
profit, and other expenses contemplated for the cash allowances have been included in 
the Contract Price and not in the allowances, and no demand for additional payment on 
account of any of the foregoing will be valid. 

C. Contingency Allowance: Contractor agrees that a contingency allowance, if any, is for the sole 
use of Owner to cover unanticipated costs. 

D. Prior to final payment, an appropriate Change Order will be issued as recommended by 
Engineer to reflect actual amounts due Contractor on account of Work covered by 
allowances, and the Contract Price shall be correspondingly adjusted. 

13.03 Unit Price Work 

A. Where the Contract Documents provide that all or part of the Work is to be Unit Price Work, 
initially the Contract Price will be deemed to include for all Unit Price Work an amount equal 
to the sum of the unit price for each separately identified item of Unit Price Work times the 
estimated quantity of each item as indicated in the Agreement. 

B. The estimated quantities of items of Unit Price Work are not guaranteed and are solely for 
the purpose of comparison of Bids and determining an initial Contract Price. Payments to 
Contractor for Unit Price Work will be based on actual quantities. 

C. Each unit price will be deemed to include an amount considered by Contractor to be 
adequate to cover Contractor’s overhead and profit for each separately identified item. 

D. Engineer will determine the actual quantities and classifications of Unit Price Work 
performed by Contractor.  Engineer will review with Contractor the Engineer’s preliminary 
determinations on such matters before rendering a written decision thereon (by 
recommendation of an Application for Payment or otherwise). Engineer’s written decision 
thereon will be final and binding (except as modified by Engineer to reflect changed factual 
conditions or more accurate data) upon Owner and Contractor, subject to the provisions of 
the following paragraph. 

E. Variations in Estimated Quantities: 

1. Where the quantity of a pay item listed in the Contract Documents is an estimated 
quantity and where the actual quantity of such pay item varies by more than twenty-
five percent (25%) above or below such estimated quantity, an equitable adjustment to 
the Contract Price may be granted to the extent of any percentage increase in 
Contractor’s unit cost that is solely attributable to the variance in quantity, absent which 
adjustment, Contractor may make a Claim therefor.  

2. Owner and Contractor may also agree to an equitable decrease to the unit price to the 
extent of any percentage decrease in Contractor’s unit cost that is solely attributable to 
the variance in quantity.  Absent such agreement, Owner may unilaterally adjust the 
unit price, subject to Contractor’s right to make a Claim, which Claim amount shall not 
exceed the difference between Owner’s unilateral decrease in unit price and the original 
unit price, extended for the installed quantity of the respective unit. 

ARTICLE 14 – TESTS AND INSPECTIONS; CORRECTION, REMOVAL OR ACCEPTANCE OF DEFECTIVE WORK 

14.01 Access to Work 

A. Owner, Engineer, their consultants and other representatives and personnel of Owner, 
independent testing laboratories, and authorities having jurisdiction will have access to the 
Site and the Work at reasonable times for their observation, inspection, and testing. 
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Contractor shall provide them proper and safe conditions for such access and advise them of 
Contractor’s safety procedures and programs so that they may comply therewith as 
applicable. 

14.02 Tests, Inspections, and Approvals 

A. Contractor shall give Engineer timely notice of readiness of the Work (or specific parts 
thereof) for all required inspections and tests, and shall cooperate with inspection and 
testing personnel to facilitate required inspections and tests. 

B. Owner shall retain and pay for the services of an independent inspector, testing laboratory, 
or other qualified individual or entity to perform all inspections and tests expressly required 
by the Contract Documents to be furnished and paid for by Owner, except that costs incurred 
in connection with tests or inspections of covered Work shall be governed by the provisions 
of Paragraph 14.05. 

C. If Laws or Regulations of any public body having jurisdiction require any Work (or part 
thereof) specifically to be inspected, tested, or approved by an employee or other 
representative of such public body, Contractor shall assume full responsibility for arranging 
and obtaining such inspections, tests, or approvals, pay all costs in connection therewith, and 
furnish Engineer the required certificates of inspection or approval. 

D. Contractor shall be responsible for arranging, obtaining, and paying for all inspections and 
tests required: 

1. by the Contract Documents, unless the Contract Documents expressly allocate 
responsibility for a specific inspection or test to Owner; 

2. to attain Owner’s and Engineer’s acceptance of materials or equipment to be 
incorporated in the Work; 

3. by manufacturers of equipment furnished under the Contract Documents; 

4. for testing, adjusting, and balancing of mechanical, electrical, and other equipment to 
be incorporated into the Work; and 

5. for acceptance of materials, mix designs, or equipment submitted for approval prior to 
Contractor’s purchase thereof for incorporation in the Work. 

Such inspections and tests shall be performed by independent inspectors, testing 
laboratories, or other qualified individuals or entities acceptable to Owner and Engineer. 

E. If the Contract Documents require the Work (or part thereof) to be approved by Owner, 
Engineer, or another designated individual or entity, then Contractor shall assume full 
responsibility for arranging and obtaining such approvals. 

F. If any Work (or the work of others) that is to be inspected, tested, or approved is covered by 
Contractor without written concurrence of Engineer, Contractor shall, if requested by 
Engineer, uncover such Work for observation. Such uncovering shall be at Contractor’s 
expense unless Contractor had given Engineer timely notice of Contractor’s intention to 
cover the same and Engineer had not acted with reasonable promptness in response to such 
notice. 

14.03 Defective Work 

A. Contractor’s Obligation: It is Contractor’s obligation to assure that the Work is not defective. 

B. Engineer’s Authority: Engineer has the authority to determine whether Work is defective, 
and to reject defective Work. 
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C. Notice of Defects: Prompt notice of all defective Work of which Owner or Engineer has actual 
knowledge will be given to Contractor. 

D. Correction, or Removal and Replacement: As soon as possible, but in no event later than 
seven (7) days after receipt of written notice of defective Work, Contractor shall commence 
correction of all such defective Work, whether or not fabricated, installed, or completed, or, 
if Engineer has rejected the defective Work, remove it from the Project and replace it with 
Work that is not defective.  Contractor shall pay all claims, costs, losses, damages, and other 
liabilities of any kind (including but not limited to all fees and charges of both “in-house” and 
outside engineers, architects, attorneys, and other professionals and all court or arbitration 
or other dispute resolution costs) arising out of or relating to such correction or removal 
(including but not limited to all costs of repair or replacement of work of others). 

E. Preservation of Warranties: When correcting defective Work, Contractor shall take no action 
that would void or otherwise impair Owner’s special warranty and guarantee, if any, on said 
Work. 

F. Costs and Damages: In addition to its correction, removal, and replacement obligations with 
respect to defective Work, Contractor shall pay all claims, costs, losses, and damages arising 
out of or relating to defective Work, including but not limited to the cost of the inspection, 
testing, correction, removal, replacement, or reconstruction of such defective Work, fines 
levied against Owner by governmental authorities because the Work is defective, and the 
costs of repair or replacement of work of others resulting from defective Work. Prior to final 
payment, if Owner and Contractor are unable to agree as to the measure of such claims, 
costs, losses, and damages resulting from defective Work, then Owner may impose a 
reasonable set-off against payments due under Article 15. 

14.04 Acceptance of Defective Work 

A. If, instead of requiring correction or removal and replacement of defective Work, Owner 
prefers to accept it, Owner may do so (subject, if such acceptance occurs prior to final 
payment, to Engineer’s confirmation that such acceptance is in general accord with the 
design intent and applicable engineering principles, and will not endanger public safety). 
Contractor shall pay all claims, costs, losses, and damages attributable to Owner’s evaluation 
of and determination to accept such defective Work (such costs to be approved by Engineer 
as to reasonableness), and for the diminished value of the Work to the extent not otherwise 
paid by Contractor. If any such acceptance occurs prior to final payment, the necessary 
revisions in the Contract Documents with respect to the Work shall be incorporated in a 
Change Order. If the parties are unable to agree as to the decrease in the Contract Price, 
reflecting the diminished value of Work so accepted, then Owner may impose a reasonable 
set-off against payments due under Article 15. If the acceptance of defective Work occurs 
after final payment, Contractor shall pay an appropriate amount to Owner. 

14.05 Uncovering Work 

A. Engineer has the authority to require additional inspection or testing of the Work, whether 
or not the Work is fabricated, installed, or completed. 

B. If any Work is covered contrary to the written request of Engineer, then Contractor shall, if 
requested by Engineer, uncover such Work for Engineer’s observation, and then replace the 
covering, all at Contractor’s expense. 

C. If Engineer considers it necessary or advisable that covered Work be observed by Engineer 
or inspected or tested by others, then Contractor, at Engineer’s request, shall uncover, 
expose, or otherwise make available for observation, inspection, or testing as Engineer may 



 

General Conditions of the Construction Contract  Page 56 of 68 
Agreement Between Owner and Contractor (Central Pump Station) 

require, that portion of the Work in question, and provide all necessary labor, material, and 
equipment. 

1. If it is found that the uncovered Work is defective, Contractor shall be responsible for 
all claims, costs, losses, and damages arising out of or relating to such uncovering, 
exposure, observation, inspection, and testing, and of satisfactory replacement or 
reconstruction (including but not limited to all costs of repair or replacement of work of 
others); and pending Contractor’s full discharge of this responsibility the Owner shall be 
entitled to impose a reasonable set-off against payments due under Article 15. 

2. If the uncovered Work is not found to be defective, Contractor shall be allowed an 
increase in the Contract Price or an extension of the Contract Times, or both, directly 
attributable to such uncovering, exposure, observation, inspection, testing, 
replacement, and reconstruction. If the parties are unable to agree as to the amount or 
extent thereof, then Contractor may submit a Change Proposal within 30 days of the 
determination that the Work is not defective. 

14.06 Owner May Stop the Work 

A. If the Work is defective, or Contractor fails to supply sufficient skilled workers or suitable 
materials or equipment, or fails to perform the Work in such a way that the completed Work 
will conform to the Contract Documents, then Owner may order Contractor to stop the Work, 
or any portion thereof, until the cause for such order has been eliminated; however, this 
right of Owner to stop the Work shall not give rise to any duty on the part of Owner to 
exercise this right for the benefit of Contractor, any Subcontractor, any Supplier, any other 
individual or entity, or any surety for, or employee or agent of any of them. 

14.07 Owner May Correct Defective Work 

A. If Contractor fails within seven (7) days after written notice from Engineer to commence 
correction of defective Work, or to remove and replace rejected Work as required by 
Engineer, or if Contractor fails to perform the Work in accordance with the Contract 
Documents, or if Contractor fails to comply with any other provision of the Contract 
Documents, then Owner may, after seven (7) days written notice to Contractor, correct or 
remedy any such deficiency. 

B. In exercising the rights and remedies under this Paragraph 14.07, Owner shall proceed 
expeditiously. In connection with such corrective or remedial action, Owner may exclude 
Contractor from all or part of the Site, take possession of all or part of the Work and suspend 
Contractor’s services related thereto, and incorporate in the Work all materials and 
equipment stored at the Site or for which Owner has paid Contractor but which are stored 
elsewhere. Contractor shall allow Owner, Owner’s representatives, agents and employees, 
Owner’s other contractors, and Engineer and Engineer’s consultants access to the Site to 
enable Owner to exercise the rights and remedies under this paragraph. 

C. All claims, costs, losses, and damages incurred or sustained by Owner in exercising the rights 
and remedies under this Paragraph 14.07 will be charged against Contractor as set-offs 
against payments due under Article 15. Such claims, costs, losses and damages will include 
but not be limited to all costs of repair, or replacement of work of others destroyed or 
damaged by correction, removal, or replacement of Contractor’s defective Work. 

D. Contractor shall not be allowed an extension of the Contract Times because of any delay in 
the performance of the Work attributable to the exercise by Owner of Owner’s rights and 
remedies under this Paragraph 14.07. 
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ARTICLE 15 – PAYMENTS TO CONTRACTOR; SET-OFFS; COMPLETION; CORRECTION PERIOD 

15.01 Progress Payments 

A. Basis for Progress Payments: The Contractor’s Bid (Exhibit 1 of the Agreement) will serve as 
the basis for progress payments and will be incorporated into the form of Application for 
Payment required by Exhibit 12 of the Agreement. Progress payments on account of Unit 
Price Work will be based on the number of units completed during the pay period, as 
determined under the provisions of Paragraph 13.03. Progress payments for cost-based 
Work will be based on Cost of the Work completed by Contractor during the pay period. 

B. Applications for Payments: 

1. At least 20 days before the date established in the Agreement for each progress 
payment (but not more often than once a month), Contractor shall submit to Engineer 
for review an Application for Payment filled out and signed by Contractor covering the 
Work completed as of the date of the Application and accompanied by such supporting 
documentation as is required by the Contract Documents.  

2. If payment is requested on the basis of materials and equipment not incorporated in 
the Work but delivered and suitably stored at the Site or at another location agreed to 
in writing, the Application for Payment shall also be accompanied by a bill of sale, 
invoice, or other documentation warranting that Owner has received the materials and 
equipment free and clear of all Liens, and evidence that the materials and equipment 
are covered by appropriate property insurance, a warehouse bond, or other 
arrangements to protect Owner’s interest therein, all of which must be satisfactory to 
Owner.  Payments will be made on account of materials and equipment delivered and 
suitably stored for subsequent incorporation in the Work only if such materials and 
equipment have been properly identified to this Agreement (as provided below), and 
only if approved in advance in writing by Owner.  Payment for materials and equipment 
stored on or off the site shall be conditioned upon compliance by the Contractor with 
procedures satisfactory to the Owner to establish the Owner's title to such materials 
and equipment or otherwise protect the Owner's interest, and shall include the costs of 
applicable insurance and warehouse bonding, storage and transportation.  Title to all 
such materials and equipment shall irrevocably pass to the Owner upon Owner's tender 
of payment of the invoiced cost.  No Work, material or equipment covered by an 
Application for Payment shall be subject to an agreement under which an interest is 
retained or an encumbrance is attached by the seller thereof, the Contractor, or any 
other person or entity.  Unless otherwise agreed in writing, all goods, materials, and 
equipment shall, at the time of initial purchase thereof, be (i) insured during transit, for 
which the purchase thereof shall be contracted with the seller to be delivered F.O.B. the 
Site or other approved offsite location, (ii) identified to this Agreement by marking, and 
causing the same to be marked by Contractor, or its Subcontractors or Suppliers, as 
applicable, with a conspicuous and prominent label or tag affixed thereto, or in the case 
of fungible goods, posting thereon a sign or placard indicating the lot or portion thereof, 
dedicated to this Agreement, stating: 

"THESE GOODS ARE SUBJECT TO OWNER'S SPECIAL PROPERTY INTEREST UNDER 
CONTRACT BETWEEN _________________ AND [INSERT CONTRACTOR'S NAME], 
DATED [_______, 20__." 

An Application for Payment for such goods, materials, and equipment shall constitute 
Contractor's representation and warranty that such identification has occurred.  The 
foregoing notwithstanding, Owner shall not be required to approve payment for any 
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goods, materials and equipment unless the same has been delivered to the Worksite or 
a bonded warehouse approved by Owner in writing. 

3. The amount of retainage with respect to progress payments will be as stipulated in the 
Agreement. 

4. Each Application for Payment shall certify that the payment sought is properly due and 
payable, and supported by such data substantiating the Contractor's right to payment 
as the Engineer may reasonably require, including copies of requisitions from 
Subcontractors and Suppliers, and shall reflect the withholding of retainage.  
Applications for Payment shall include all evidence that the Engineer shall deem 
necessary to support the amount requested to pay for the Work.  Owner shall have the 
right, at its discretion, to periodically audit and require supporting documentation with 
expanded detail for Applications for Payment. 

5. Applications for Payment shall show separate line items for all amounts due for the 
Work actually completed, including the completed Work of each Subcontractor or 
Supplier, as may be applicable, as adjusted for by approved Change Orders.  The total 
amount of payment sought by an Application for Payment shall be limited to payment 
for the Work actually completed. 

6. Applications for Payment may not include requests to pay for portions of the Work of a 
Subcontractor or Supplier for which the Contractor does not intend to pay such 
Subcontractor or Supplier.  If the Work of such Subcontractor or Supplier was performed 
by others in lieu of such Subcontractor or Supplier, and the Contractor intends to pay 
such others, this shall be clearly indicated on the Application for Payment. 

7. Partial and Final Release of Claims.  Simultaneous with the Contractor's submission of 
an intermediate Application for Payment to the Engineer, Contractor shall submit signed 
and notarized Conditional or Unconditional Waiver and Release on Progress Payment 
forms (Exhibit 15.1 or Exhibit 15.2 of the Agreement, as appropriate) from Contractor 
and each Subcontractor and Supplier. Failure by the Contractor to strictly comply with 
the provisions herein shall be considered a material breach of this Agreement.   

C. Review of Applications: 

1. Engineer will, within 10 days after receipt of each Application for Payment, including 
each resubmittal, either indicate in writing a recommendation of payment and present 
the Application to Owner, or return the Application to Contractor indicating in writing 
Engineer’s reasons for refusing to recommend payment. In the latter case, Contractor 
may make the necessary corrections and resubmit the Application. 

2. Engineer’s recommendation of any payment requested in an Application for Payment 
will constitute a representation by Engineer to Owner, based on Engineer’s observations 
of the executed Work as an experienced and qualified design professional, and on 
Engineer’s review of the Application for Payment and the accompanying data and 
schedules, that to the best of Engineer’s knowledge, information and belief: 

a. the Work has progressed to the point indicated; 

b. the quality of the Work is generally in accordance with the Contract Documents 
(subject to an evaluation of the Work as a functioning whole prior to or upon 
Substantial Completion, the results of any subsequent tests called for in the 
Contract Documents, a final determination of quantities and classifications for Unit 
Price Work under Paragraph 13.03, and any other qualifications stated in the 
recommendation); and 
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c. the conditions precedent to Contractor’s being entitled to such payment appear to 
have been fulfilled in so far as it is Engineer’s responsibility to observe the Work. 

3. By recommending any such payment Engineer will not thereby be deemed to have 
represented that: 

a. inspections made to check the quality or the quantity of the Work as it has been 
performed have been exhaustive, extended to every aspect of the Work in 
progress, or involved detailed inspections of the Work beyond the responsibilities 
specifically assigned to Engineer in the Contract; or 

b. there may not be other matters or issues between the parties that might entitle 
Contractor to be paid additionally by Owner or entitle Owner to withhold payment 
to Contractor. 

4. Neither Engineer’s review of Contractor’s Work for the purposes of recommending 
payments nor Engineer’s recommendation of any payment, including final payment, will 
impose responsibility on Engineer: 

a. to supervise, direct, or control the Work, or 

b. for the means, methods, techniques, sequences, or procedures of construction, or 
the safety precautions and programs incident thereto, or 

c. for Contractor’s failure to comply with Laws and Regulations applicable to 
Contractor’s performance of the Work, or 

d. to make any examination to ascertain how or for what purposes Contractor has 
used the money paid on account of the Contract Price, or 

e. to determine that title to any of the Work, materials, or equipment has passed to 
Owner free and clear of any Liens. 

5. Engineer may refuse to recommend the whole or any part of any payment if, in 
Engineer’s opinion, it would be incorrect to make the representations to Owner stated 
in Paragraph 15.01.C.2. 

6. Engineer will recommend reductions in payment (set-offs) necessary in Engineer’s 
opinion to protect Owner from loss because: 

a. the Work is defective, requiring correction or replacement; 

b. the Contract Price has been reduced by Change Orders; 

c. Owner has been required to correct defective Work in accordance with Paragraph 
14.07, or has accepted defective Work pursuant to Paragraph 14.04; 

d. Owner has been required to remove or remediate a Hazardous Environmental 
Condition for which Contractor is responsible; or 

e. Engineer has actual knowledge of the occurrence of any of the events that would 
constitute a default by Contractor and therefore justify termination for cause under 
the Contract Documents. 

D. Payment Becomes Due: 

1. Forty-Five days after presentation of the Application for Payment to Owner with 
Engineer’s recommendation, the amount recommended (subject to any Owner set-offs) 
will become due, and when due will be paid by Owner to Contractor. 
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E. Reductions in Payment by Owner: 

1. In addition to any reductions in payment (set-offs) recommended by Engineer, Owner 
is entitled to impose a set-off against payment based on any of the following: 

a. claims have been made against Owner on account of Contractor’s conduct in the 
performance or furnishing of the Work, or Owner has incurred costs, losses, or 
damages on account of Contractor’s conduct in the performance or furnishing of 
the Work, including but not limited to claims, costs, losses, or damages from 
workplace injuries, adjacent property damage, non-compliance with Laws and 
Regulations, and patent infringement; 

b. Contractor has failed to take reasonable and customary measures to avoid damage, 
delay, disruption, and interference with other work at or adjacent to the Site; 

c. Contractor has failed to provide and maintain required bonds or insurance; 

d. Owner has been required to remove or remediate a Hazardous Environmental 
Condition for which Contractor is responsible; 

e. Owner has incurred extra charges or engineering costs related to submittal 
reviews, evaluations of proposed substitutes, tests and inspections, or return visits 
to manufacturing or assembly facilities; 

f. the Work is defective, requiring correction or replacement; 

g. Owner has been required to correct defective Work in accordance with Paragraph 
14.07, or has accepted defective Work pursuant to Paragraph 14.04; 

h. the Contract Price has been reduced by Change Orders; 

i. an event that would constitute a default by Contractor and therefore justify a 
termination for cause has occurred; 

j. liquidated damages have accrued as a result of Contractor’s failure to achieve 
Milestones, Substantial Completion, or Final Completion of the Work; 

k. Liens have been filed in connection with the Work, except where Contractor has 
delivered a specific bond satisfactory to Owner to secure the satisfaction and 
discharge of such Liens; 

l. there are other items entitling Owner to a set off against the amount 
recommended. 

2. If Owner imposes any set-off against payment, whether based on its own knowledge or 
on the written recommendations of Engineer, Owner will give Contractor prompt 
written notice (with a copy to Engineer) stating the reasons for such action and the 
specific amount of the reduction, and promptly pay Contractor any amount remaining 
after deduction of the amount so withheld. Owner shall promptly pay Contractor the 
amount so withheld, or any adjustment thereto agreed to by Owner and Contractor, if 
Contractor remedies the reasons for such action. The reduction imposed shall be 
binding on Contractor unless it duly submits a Change Proposal contesting the 
reduction. 

3. Upon a subsequent determination that Owner’s refusal of payment was not justified, 
the amount wrongfully withheld shall be treated as an amount due as determined by 
Paragraph 15.01.C.1 and subject to interest as provided in the Agreement. 
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15.02 Contractor’s Warranty of Title 

A. Contractor warrants and guarantees that title to all Work, materials, and equipment 
furnished under the Contract will pass to Owner free and clear of (1) all Liens and other title 
defects, and (2) all patent, licensing, copyright, or royalty obligations at the time of payment 
by Owner. 

15.03 Substantial Completion  

A. When Contractor considers the entire Work ready for its intended use Contractor shall notify 
Owner and Engineer in writing that the entire Work is substantially complete and request 
that Engineer issue a certificate of Substantial Completion. Contractor shall at the same time 
submit to Owner and Engineer an initial draft of the Punch List Work items to be completed 
or corrected before final payment. 

B. Promptly after Contractor’s notification, Owner, Contractor, and Engineer shall make an 
inspection of the Work to determine the status of completion. If Engineer does not consider 
the Work substantially complete, Engineer will notify Contractor in writing giving the reasons 
therefor. 

1. If some or all of the Work has been determined not to be at a point of Substantial 
Completion and will require re-inspection or re-testing by Engineer, the cost of such re-
inspection or re-testing, including the cost of time, travel and living expenses, shall be 
paid by Contractor to Owner. If Contractor does not pay, or the parties are unable to 
agree as to the amount owed, then Owner may impose a reasonable set-off against 
payments due under Article 15. 

C. If Engineer considers the Work substantially complete, Engineer will deliver to Owner a 
preliminary certificate of Substantial Completion which shall fix the date of Substantial 
Completion. Engineer shall attach to the certificate the Punch List Work items to be 
completed or corrected before final payment. Owner shall have seven (7) days after receipt 
of the preliminary certificate during which to make written objection to Engineer as to any 
provisions of the certificate or the attached Punch List Work items. If, after considering the 
objections to the provisions of the preliminary certificate, Engineer concludes that the Work 
is not substantially complete, Engineer will, within 14 days after submission of the 
preliminary certificate to Owner, notify Contractor and Owner in writing that the Work is not 
substantially complete, stating the reasons therefor. If Owner does not object to the 
provisions of the certificate, or if despite consideration of Owner’s objections Engineer 
concludes that the Work is substantially complete, then Engineer will, within said 14 days, 
execute and deliver to Owner and Contractor a final certificate of Substantial Completion 
(with a revised itemized list of Punch List Work to be completed or corrected) reflecting such 
changes from the preliminary certificate as Engineer believes justified after consideration of 
any objections from Owner. 

D. At the time of receipt of the preliminary certificate of Substantial Completion, Owner and 
Contractor will confer regarding Owner’s use or occupancy of the Work following Substantial 
Completion, review the builder’s risk insurance policy with respect to the end of the builder’s 
risk coverage, and confirm the transition to coverage of the Work under a permanent 
property insurance policy held by Owner.  Unless Owner and Contractor agree otherwise in 
writing, Owner shall bear responsibility for security, operation, protection of the Work, 
property insurance, maintenance, heat, and utilities upon Owner’s use or occupancy of the 
Work. 

E. After Substantial Completion the Contractor shall promptly begin the Punch List Work for 
items to be completed or corrected prior to final payment. In appropriate cases Contractor 
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may submit monthly Applications for Payment for completed Punch List Work, following the 
progress payment procedures set forth above. 

F. Owner shall have the right to exclude Contractor from the Site after the date of Substantial 
Completion subject to allowing Contractor reasonable access to remove its property and 
complete or correct items on the itemized list of Punch List Work. 

15.04 Partial Use or Occupancy 

A. Prior to Substantial Completion of all the Work, Owner may use or occupy any substantially 
completed part of the Work which has specifically been identified in the Contract 
Documents, or which Owner, Engineer, and Contractor agree constitutes a separately 
functioning and usable part of the Work that can be used by Owner for its intended purpose 
without significant interference with Contractor’s performance of the remainder of the 
Work, subject to the following conditions: 

1. At any time Owner may request in writing that Contractor permit Owner to use or 
occupy any such part of the Work that Owner believes to be substantially complete. If 
and when Contractor agrees that such part of the Work is substantially complete, 
Contractor, Owner, and Engineer will follow the procedures of Paragraph 15.03.A 
through E for that part of the Work. 

2. At any time Contractor may notify Owner and Engineer in writing that Contractor 
considers any such part of the Work substantially complete and request Engineer to 
issue a certificate of Substantial Completion for that part of the Work. 

3. Within a reasonable time after either such request, Owner, Contractor, and Engineer 
shall make an inspection of that part of the Work to determine its status of completion. 
If Engineer does not consider that part of the Work to be substantially complete, 
Engineer will notify Owner and Contractor in writing giving the reasons therefor. If 
Engineer considers that part of the Work to be substantially complete, the provisions of 
Paragraph 15.03 will apply with respect to certification of Substantial Completion of that 
part of the Work and the division of responsibility in respect thereof and access thereto. 

4. No use or occupancy or separate operation of part of the Work may occur prior to 
compliance with the Owner’s Requirements of Insurance (Exhibit 2 of the Agreement) 
regarding builder’s risk or other property insurance. 

15.05 Final Inspection 

A. Upon written notice from Contractor that the entire Work or an agreed portion thereof is 
complete, Engineer will promptly make a final inspection with Owner and Contractor and will 
notify Contractor in writing of all particulars in which this inspection reveals that the Work, 
or agreed portion thereof, is incomplete or defective. Contractor shall immediately take such 
measures as are necessary to complete such Work or remedy such deficiencies. 

15.06 Final Payment 

A. Application for Payment: 

1. After Contractor has, in the opinion of Engineer, satisfactorily completed all corrections 
identified during the final inspection and has delivered, in accordance with the Contract 
Documents, all maintenance and operating instructions, schedules, guarantees, bonds, 
certificates or other evidence of insurance, certificates of inspection, annotated record 
documents (as provided in Paragraph 7.11), and other documents, Contractor may 
make application for final payment. 
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2. The final Application for Payment shall be accompanied (except as previously delivered) 
by: 

a. all documentation called for in the Contract Documents; 

b. consent of the surety, if any, to final payment; 

c. satisfactory evidence that all title issues have been resolved such that title to all 
Work, materials, and equipment has passed to Owner free and clear of any Liens 
or other title defects, or will so pass upon final payment. 

d. a list of all disputes that Contractor believes are unsettled; and 

e. complete and legally effective releases or waivers in the form required by Exhibit 
15.3 of the Agreement (Conditional Waiver and Release on Final Payment  Form) 
or Exhibit 15.4 of the Agreement(Unconditional Waiver and Release on Final 
Payment  Form), as appropriate, releasing all Claim rights arising out of the Work, 
and all Claims filed in connection with the Work. 

3. In lieu of the releases or waivers of Claims specified in Paragraph 15.06.A.2 and as 
approved by Owner, Contractor may furnish receipts or releases in full and an affidavit 
of Contractor that: (a) the releases and receipts include all labor, services, material, and 
equipment for which a Lien could be filed; and (b) all payrolls, material and equipment 
bills, and other indebtedness connected with the Work for which Owner might in any 
way be responsible, or which might in any way result in liens or other burdens on 
Owner's property, have been paid or otherwise satisfied. If any Subcontractor or 
Supplier fails to furnish such a release or receipt in full, Contractor may furnish a bond 
or other collateral satisfactory to Owner to indemnify Owner against any Lien, or Owner 
at its option may issue joint checks payable to Contractor and specified Subcontractors 
and Suppliers. 

B. Engineer’s Review of Application and Acceptance: 

1. If, on the basis of Engineer’s observation of the Work during construction and final 
inspection, and Engineer’s review of the final Application for Payment and 
accompanying documentation as required by the Contract Documents, Engineer is 
satisfied that the Work has been completed and Contractor’s other obligations under 
the Contract have been fulfilled, Engineer will, within ten days after receipt of the final 
Application for Payment, indicate in writing Engineer’s recommendation of final 
payment and present the Application for Payment to Owner for payment. Such 
recommendation shall account for any set-offs against payment that are necessary in 
Engineer’s opinion to protect Owner from loss for the reasons stated above with respect 
to progress payments. At the same time Engineer will also give written notice to Owner 
and Contractor that the Work is acceptable, subject to the provisions of Paragraph 
15.07. Otherwise, Engineer will return the Application for Payment to Contractor, 
indicating in writing the reasons for refusing to recommend final payment, in which case 
Contractor shall make the necessary corrections and resubmit the Application for 
Payment. 

C. Final Completion of Work: Final Completion of the Work is achieved (subject to surviving 
obligations) when it is ready for final payment as established by the Engineer’s written 
recommendation of final payment. 

D. Payment Becomes Due: Forty-five days after the presentation to Owner of the final 
Application for Payment and accompanying documentation, the amount recommended by 
Engineer (less any further sum Owner is entitled to set off against Engineer’s 
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recommendation, including but not limited to set-offs for liquidated damages and set-offs 
allowed under the provisions above with respect to progress payments) will become due and 
shall be paid by Owner to Contractor. 

15.07 Waiver of Claims 

A. The making of final payment will not constitute a waiver by Owner of claims or rights against 
Contractor. Owner expressly reserves claims and rights arising from unsettled Liens, from 
defective Work appearing after final inspection pursuant to Paragraph 15.05, from 
Contractor’s failure to comply with the Contract Documents or the terms of any special 
guarantees specified therein, from outstanding claims by Owner, or from Contractor’s 
continuing obligations under the Contract Documents. 

B. The acceptance of final payment by Contractor will constitute a waiver by Contractor of all 
claims and rights against Owner other than those pending matters that have been duly 
submitted or appealed under the provisions of Article 12. 

15.08 Correction Period 

A. If within one year after the date of Final Completion (or such longer period of time as may 
be prescribed by the terms of any applicable special guarantee required by the Contract 
Documents, or by any specific provision of the Contract Documents), any Work is found to 
be defective, or if the repair of any damages to the Site, adjacent areas that Contractor has 
arranged to use through construction easements or otherwise, and other adjacent areas 
used by Contractor as permitted by Laws and Regulations, is found to be defective, then 
Contractor shall promptly, without cost to Owner and in accordance with Owner’s written 
instructions: 

1. correct the defective repairs to the Site or such other adjacent areas; 

2. correct such defective Work; 

3. if the defective Work has been rejected by Owner, remove it from the Project and 
replace it with Work that is not defective, and 

4. satisfactorily correct or repair or remove and replace any damage to other Work, to the 
work of others, or to other land or areas resulting therefrom. 

B. If Contractor does not promptly comply with the terms of Owner’s written instructions, or in 
an emergency where delay would cause serious risk of loss or damage, Owner may have the 
defective Work corrected or repaired or may have the rejected Work removed and replaced. 
Contractor shall pay all claims, costs, losses, and damages (including but not limited to all 
fees and charges of engineers, architects, attorneys, and other professionals and all court or 
arbitration or other dispute resolution costs) arising out of or relating to such correction or 
repair or such removal and replacement (including but not limited to all costs of repair or 
replacement of work of others). 

C. In special circumstances where a particular item of equipment is placed in continuous service 
before Substantial Completion of all the Work, the correction period for that item may start 
to run from an earlier date if so provided in the Specifications. 

D. Where defective Work (and damage to other Work resulting therefrom) has been corrected 
or removed and replaced under this paragraph, the correction period hereunder with respect 
to such Work will be extended for an additional period of one year after such correction or 
removal and replacement has been satisfactorily completed. 
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E. Contractor’s obligations under this paragraph are in addition to all other obligations and 
warranties. The provisions of this paragraph shall not be construed as a substitute for, or a 
waiver of, the provisions of any applicable statute of limitation or repose. 

ARTICLE 16 – SUSPENSION OF WORK AND TERMINATION 

16.01 Owner May Suspend Work 

A. At any time and without cause, Owner may suspend the Work or any portion thereof for a 
period of not more than 90 consecutive days by written notice to Contractor and Engineer. 
Such notice will fix the date on which Work will be resumed. Contractor shall resume the 
Work on the date so fixed. Contractor shall be entitled to an adjustment in the Contract Price 
or an extension of the Contract Times, or both, directly attributable to any such suspension. 
Any Change Proposal seeking such adjustments shall be submitted no later than 30 days after 
the date fixed for resumption of Work. 

16.02 Owner May Terminate for Cause 

A. The occurrence of any one or more of the following events will constitute a default by 
Contractor and justify termination for cause: 

1. Contractor’s persistent failure to perform the Work in accordance with the Contract 
Documents (including, but not limited to, failure to supply sufficient skilled workers or 
suitable materials or equipment or failure to adhere to the Construction Schedule); 

2. Failure of Contractor to perform or otherwise to comply with a material term of the 
Contract Documents; 

3. Contractor’s disregard of Laws or Regulations of any public body having jurisdiction; or 

4. Contractor’s repeated disregard of the authority of Owner or Engineer. 

B. If one or more of the events identified in Paragraph 16.02.A occurs, then after giving 
Contractor (and any surety) seven (7) days written notice that Owner is considering a 
declaration that Contractor is in default and termination of the contract, Owner may proceed 
to: 

1. declare Contractor to be in default, and give Contractor (and any surety) notice that the 
Contract is terminated; and 

2. enforce the rights available to Owner under any applicable performance bond. 

C. Subject to the terms and operation of any applicable performance bond, if Owner has 
terminated the Contract for cause, Owner may exclude Contractor from the Site, take 
possession of the Work, incorporate in the Work all materials and equipment stored at the 
Site or for which Owner has paid Contractor but which are stored elsewhere, and complete 
the Work as Owner may deem expedient. 

D. Owner may in its sole discretion elect not to proceed with termination of the Contract under 
Paragraph 16.02.B if the Owner makes the determination that Contractor has, within seven 
(7) days of receipt of notice of Owner’s intent to terminate, commenced correction of its 
failure to perform and is diligently and continuously proceeding to cure such failure. 

E. If Owner proceeds as provided in Paragraph 16.02.B, Contractor shall not be entitled to 
receive any further payment until the Work is completed. If the unpaid balance of the 
Contract Price exceeds the cost to complete the Work, including all related claims, costs, 
losses, and damages (including but not limited to all fees and charges of engineers, architects, 
attorneys, and other professionals) sustained by Owner, such excess will be paid to 
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Contractor. If the cost to complete the Work including such related claims, costs, losses, and 
damages exceeds such unpaid balance, Contractor shall pay the difference to Owner. Such 
claims, costs, losses, and damages incurred by Owner will be reviewed by Engineer as to their 
reasonableness and, when so approved by Engineer, incorporated in a Change Order. When 
exercising any rights or remedies under this paragraph, Owner shall not be required to obtain 
the lowest price for the Work performed. 

F. Where Contractor’s services have been so terminated by Owner, the termination will not 
affect any rights or remedies of Owner against Contractor then existing or which may 
thereafter accrue, or any rights or remedies of Owner against Contractor or any surety under 
any payment bond or performance bond. Any retention or payment of money due 
Contractor by Owner will not release Contractor from liability. 

16.03 Owner May Terminate For Convenience 

A. Upon seven (7) days written notice to Contractor and Engineer, Owner may, without cause 
and without prejudice to any other right or remedy of Owner, terminate the Contract in 
whole or in part. In such case, Contractor shall be paid for (without duplication of any items): 

1. completed and acceptable Work executed in accordance with the Contract Documents 
prior to the effective date of termination, including fair and reasonable sums for 
overhead and profit on such Work; 

2. expenses sustained prior to the effective date of termination in performing services and 
furnishing labor, materials, or equipment as required by the Contract Documents in 
connection with uncompleted Work, plus fair and reasonable sums for overhead and 
profit on such expenses; and 

3. other reasonable expenses directly attributable to termination, including costs incurred 
to prepare a termination for convenience cost proposal. 

B. Contractor shall not be paid on account of loss of anticipated overhead, profits, or revenue, 
or other economic loss arising out of or resulting from such termination. 

16.04 Contractor May Stop Work or Terminate 

A. If, through no act or fault of Contractor, (1) the Work is suspended for more than 90 
consecutive days by Owner or under an order of court or other public authority, or (2) 
Engineer fails to act on any Application for Payment within 30 days after it is submitted, or 
(3) Owner fails to pay Contractor any sum finally determined to be due within the time 
required by the Contract Documents, then Contractor may, upon seven (7) days written 
notice to Owner and Engineer, and provided Owner or Engineer do not remedy such 
suspension or failure within that time, terminate the contract and recover from Owner 
payment on the same terms as provided in Paragraph 16.03. 
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ARTICLE 17 – RESOLUTION OF DISPUTES 

17.01 All Disputes shall be resolved in accordance with Article 12 of the General Conditions. 

ARTICLE 18 – MISCELLANEOUS 

18.01 Giving Notice 

A. Whenever any provision of the Contract Documents requires the giving of written notice, it 
will be deemed to have been validly given if: 

1. delivered in person, by a commercial courier service or otherwise, to the individual or 
to a member of the firm or to an officer of the corporation for which it is intended; or 

2. delivered at or sent by registered or certified mail, postage prepaid, to the last business 
address known to the sender of the notice. 

18.02 Computation of Times 

A. When any period of time is referred to in the Contract by days, it will be computed to exclude 
the first and include the last day of such period. If the last day of any such period falls on a 
Saturday or Sunday or on a day made a legal holiday by the law of the applicable jurisdiction, 
such day will be omitted from the computation. 

18.03 Cumulative Remedies 

A. The duties and obligations imposed by these General Conditions and the rights and remedies 
available hereunder to the parties hereto are in addition to, and are not to be construed in 
any way as a limitation of, any rights and remedies available to any or all of them which are 
otherwise imposed or available by Laws or Regulations, by special warranty or guarantee, or 
by other provisions of the Contract. The provisions of this paragraph will be as effective as if 
repeated specifically in the Contract Documents in connection with each particular duty, 
obligation, right, and remedy to which they apply. 

18.04 Limitation of Damages 

A. With respect to any and all Change Proposals, Claims, disputes subject to final resolution, 
and other matters at issue, neither Owner nor Engineer, nor any of their officers, directors, 
members, partners, employees, agents, consultants, or subcontractors, shall be liable to 
Contractor for any claims, costs, losses, or damages sustained by Contractor on or in 
connection with any other project or anticipated project. 

B. Reciprocal Waiver of Consequential Damages.  Contractor and Owner each waive and shall 
have no liability to each other for contingent, consequential or other indirect damages 
including, without limitation, damages for loss of use, revenue or profit (direct or indirect); 
operating costs and facility downtime; or other similar business interruption losses, however, 
the same may be caused.  The foregoing shall not apply, however, to any liquidated damages 
for which Contractor becomes liable under the Contract Documents. 

18.05 No Waiver 

A. A party’s non-enforcement of any provision shall not constitute a waiver of that provision, 
nor shall it affect the enforceability of that provision or of the remainder of this Contract. 

18.06 Survival of Obligations 

A. All representations, indemnifications, warranties, and guarantees made in, required by, or 
given in accordance with the Contract, as well as all continuing obligations indicated in the 
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Contract, will survive final payment, completion, and acceptance of the Work or termination 
or completion of the Contract or termination of the services of Contractor. 

18.07 Headings 

A. Article and paragraph headings are inserted for convenience only and do not constitute parts 
of these General Conditions. 
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SUPPLEMENTARY CONDITIONS OF THE 
CONSTRUCTION CONTRACT  

 

Supplementary Conditions 

These Supplementary Conditions of the Construction Contract (“Supplementary Conditions”) amend or 
supplement the General Conditions of the Construction Contract (“General Conditions”).  All provisions 
that are not so amended or supplemented remain in full force and effect. 

The terms used in these Supplementary Conditions have the meanings stated in the General Conditions. 
Additional terms used in these Supplementary Conditions have the meanings stated below, which are 
applicable to both the singular and plural thereof. 

The address system used in these Supplementary Conditions is the same as the address system used in 
the General Conditions, with the prefix "SC" added thereto. 

 

 

ARTICLE 7 – CONTRACTOR’S RESPONSIBILITIES 

SC-7.02 Labor; Working Hours 

SC-7.02.C. Add the following new paragraph immediately after Paragraph 7.02.B: 

Except to the extent caused by Contractor’s errors, Owner shall be responsible for the 
cost of any overtime pay or other expense incurred by the Owner for Engineer’s services 
(including those of the Resident Project Representative, if any), Owner's representative, 
and construction observation services, occasioned by the performance of Work on 
Saturday, Sunday, any legal holiday, or as overtime on any regular work day. If Contractor 
is responsible but does not pay, or if the parties are unable to agree as to the amount 
owed, then Owner may impose a reasonable set-off against payments due under Article 
15. 

ARTICLE 9 – OWNER’S RESPONSIBILITIES 

SC-9.13 Owner’s Site Representative 

SC-9.13 Add the following new paragraph immediately after Paragraph 9.12 of the General 
Conditions: 

SC-9.13 Owner may furnish an “Owner’s Site Representative” to represent Owner at the 
Site and assist Owner in observing the progress and quality of the Work. Owner will 
provide written notice to Contractor if an Owner’s Site Representative is selected by the 
Owner.  

ARTICLE 10 – ENGINEER’S STATUS DURING CONSTRUCTION 

SC-10.03 Add the following new paragraphs immediately after Paragraph 10.03.A: 

B. The Resident Project Representative (RPR) will be Engineer's representative at the 
Site, will act as directed by and under the supervision of Engineer, and will confer 
with Engineer regarding RPR's actions. 
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1. General: RPR's dealings in matters pertaining to the Work in general shall be 
with Engineer and Contractor. RPR's dealings with Subcontractors shall only be 
through or with the full knowledge and approval of Contractor. RPR shall 
generally communicate with Owner only with the knowledge of and under the 
direction of Engineer. 

2. Schedules:  Review the progress schedule, schedule of Shop Drawing and 
Sample submittals, and Schedule of Values prepared by Contractor and consult 
with Engineer concerning acceptability. 

3. Conferences and Meetings:  Attend meetings with Contractor, such as 
preconstruction conferences, progress meetings, job conferences, and other 
Project-related meetings, and prepare and circulate copies of minutes thereof. 

4. Liaison: 

a. Serve as Engineer’s liaison with Contractor. Working principally through 
Contractor’s authorized representative or designee, assist in providing 
information regarding the provisions and intent of the Contract 
Documents. 

b. Assist Engineer in serving as Owner’s liaison with Contractor when 
Contractor’s operations affect Owner’s on-Site operations. 

c. Assist in obtaining from Owner additional details or information, when 
required for proper execution of the Work. 

5. Interpretation of Contract Documents:  Report to Engineer when clarifications 
and interpretations of the Contract Documents are needed and transmit to 
Contractor clarifications and interpretations as issued by Engineer. 

6. Shop Drawings and Samples: 

a. Record date of receipt of Samples and Contractor-approved Shop 
Drawings. 

b. Receive Samples which are furnished at the Site by Contractor, and notify 
Engineer of availability of Samples for examination. 

c. Advise Engineer and Contractor of the commencement of any portion of 
the Work requiring a Shop Drawing or Sample submittal for which RPR 
believes that the submittal has not been approved by Engineer. 

7. Modifications: Consider and evaluate Contractor’s suggestions for 
modifications in Drawings or Specifications and report such suggestions, 
together with RPR’s recommendations, if any, to Engineer. Transmit to 
Contractor in writing decisions as issued by Engineer. 

8. Review of Work and Rejection of Defective Work: 

a. Conduct on-Site observations of Contractor’s work in progress to assist 
Engineer in determining if the Work is in general proceeding in accordance 
with the Contract Documents. 

b. Report to Engineer whenever RPR believes that any part of Contractor’s 
work in progress is defective, will not produce a completed Project that 
conforms generally to the Contract Documents, or will imperil the 
integrity of the design concept of the completed Project as a functioning 
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whole as indicated in the Contract Documents, or has been damaged, or 
does not meet the requirements of any inspection, test or approval 
required to be made; and advise Engineer of that part of work in progress 
that RPR believes should be corrected or rejected or should be uncovered 
for observation, or requires special testing, inspection or approval. 

9. Inspections, Tests, and System Start-ups: 

a. Verify that tests, equipment, and systems start-ups and operating and 
maintenance training are conducted in the presence of appropriate 
Owner’s personnel, and that Contractor maintains adequate records 
thereof. 

b. Observe, record, and report to Engineer appropriate details relative to the 
test procedures and systems start-ups. 

10. Records: 

a. Prepare a daily report or keep a diary or log book, recording Contractor’s 
hours on the Site, Subcontractors present at the Site, weather conditions, 
data relative to questions of Change Orders, Field Orders, Work Change 
Directives, or changed conditions, Site visitors, deliveries of equipment or 
materials, daily activities, decisions, observations in general, and specific 
observations in more detail as in the case of observing test procedures; 
and send copies to Engineer. 

b. Record names, addresses, fax numbers, e-mail addresses, web site 
locations, and telephone numbers of all Contractors, Subcontractors, and 
major Suppliers of materials and equipment. 

c. Maintain records for use in preparing Project documentation. 

11. Reports: 

a. Furnish to Engineer periodic reports as required of progress of the Work 
and of Contractor’s compliance with the Progress Schedule and schedule 
of Shop Drawing and Sample submittals. 

b. Draft and recommend to Engineer proposed Change Orders, Work Change 
Directives, and Field Orders. Obtain backup material from Contractor. 

c. Immediately notify Engineer of the occurrence of any Site accidents, 
emergencies, acts of God endangering the Work, force majeure or delay 
events, damage to property by fire or other causes, or the discovery of any 
Constituent of Concern or Hazardous Environmental Condition. 

12. Payment Requests:  Review applications for payment with Contractor for 
compliance with the established procedure for their submission and forward 
with recommendations to Engineer, noting particularly the relationship of the 
payment requested to the Schedule of Values, Work completed, and materials 
and equipment delivered at the Site but not incorporated in the Work. 

13. Certificates, Operation and Maintenance Manuals:  During the course of the 
Work, verify that materials and equipment certificates, operation and 
maintenance manuals and other data required by the Contract Documents to 
be assembled and furnished by Contractor are applicable to the items actually 
installed and in accordance with the Contract Documents, and have these 
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documents delivered to Engineer for review and forwarding to Owner prior to 
payment for that part of the Work. 

14. Completion: 

a. Participate in Engineer’s visits to the Site to determine Substantial 
Completion, assist in the determination of Substantial Completion and the 
preparation of a punch list of items to be completed or corrected. 

b. Participate in Engineer’s final visit to the Site to determine completion of 
the Work, in the company of Owner and Contractor, and prepare a final 
punch list of items to be completed and deficiencies to be remedied. 

c. Observe whether all items on the final list have been completed or 
corrected and make recommendations to Engineer concerning 
acceptance and issuance of the notice of acceptability of the work. 

C. The RPR shall not: 

1. Authorize any deviation from the Contract Documents or substitution of 
materials or equipment (including “or-equal” items). 

2. Exceed limitations of Engineer’s authority as set forth in the Contract 
Documents. 

3. Undertake any of the responsibilities of Contractor, Subcontractors, or 
Suppliers. 

4. Advise on, issue directions relative to, or assume control over any aspect of the 
means, methods, techniques, sequences or procedures of Contractor’s work. 

5. Advise on, issue directions regarding, or assume control over security or safety 
practices, precautions, and programs in connection with the activities or 
operations of Owner or Contractor. 

6. Participate in specialized field or laboratory tests or inspections conducted off-
site by others except as specifically authorized by Engineer. 

7. Accept Shop Drawing or Sample submittals from anyone other than Contractor. 

8. Authorize Owner to occupy the Project in whole or in part. 

ARTICLE 15 – PAYMENTS TO CONTRACTOR; SET-OFFS; COMPLETION; CORRECTION PERIOD 

SC-15.03 Add the following new paragraphs immediately before Paragraph 15.03: 

SC-15.03: Readiness for Commissioning 

A. When Contractor considers the entire work ready for commissioning, Contractor shall issue a 
“Certificate of Readiness” to the Owner and Engineer. The Certificate of Readiness shall certify that 
systems, subsystems, and equipment, including associated controls, are ready for commissioning.  
Certificate of readiness shall be signed by Contractor, Subcontractors, Suppliers, and other 
responsible parties certifying that systems, subsystems, equipment, and associated controls are 
ready for commissioning.  Completed test checklists signed by responsible parties shall accompany 
this certificate.  

B. Promptly after Contractor’s issue of “Certificate of Readiness”, Owner, Contractor, and Engineer shall 
make an inspection of the Work to determine the status of readiness for commissioning. If Engineer 
does not consider the Work ready for commissioning, Engineer will notify Contractor in writing giving 
the reasons therefor. 
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1. If some or all of the Work has been determined not to be at a point of commissioning readiness 
and will require re-inspection or re-testing by Engineer, the cost of such re-inspection or re-
testing, including the cost of time, travel and living expenses, shall be paid by Contractor to 
Owner. If Contractor does not pay, or the parties are unable to agree as to the amount owed, 
then Owner may impose a reasonable set-off against payments due under Article 15. 

C. If Engineer considers the Work ready for commissioning, Engineer will deliver to Owner a preliminary 
certificate of Readiness which shall fix the date of Commissioning. Engineer shall attach to the 
certificate the Punch List Work items to be completed or corrected before commissioning. Owner 
shall have seven (7) days after receipt of the preliminary certificate during which to make written 
objection to Engineer as to any provisions of the certificate or the attached Punch List Work items. 
If, after considering the objections to the provisions of the preliminary certificate, Engineer concludes 
that the Work is not ready for commissioning, Engineer will, within 7 days after submission of the 
preliminary certificate to Owner, notify Contractor and Owner in writing that the Work is not ready 
for commissioning, stating the reasons therefor. If Owner does not object to the provisions of the 
certificate, or if despite consideration of Owner’s objections Engineer concludes that the Work is 
ready for commissioning, then Engineer will, within said 7 days, execute and deliver to Owner and 
Contractor a final certificate of readiness for commissioning (with a revised itemized list of Punch List 
Work to be completed or corrected) reflecting such changes from the preliminary certificate as 
Engineer believes justified after consideration of any objections from Owner. 

D. Depending on the availability of water in site, the Owner may use a Float of up to 3 months anytime 
during the contract period, including after issuance of final certificate of readiness for commissioning, 
to accommodate changes in the Work, or to mitigate the effect of events that delay performance or 
compliance with the Contract Times. Changes or delays that influence Activities with Float and that 
do not extend the Critical Path are not justification for an extension of the Contract Times. 

E. Depending on the availability of water in site, the Owner may advise the Contractor to de-mobilize 
from site and return at a later date to complete the work. Contract Time will be suspended during 
the demobilized period, or additional time may be added to the Contract for the demobilized period, 
including time to temporarily restore the site, remove equipment, and to re-mobilize (Refer to 
Section 01 71 13 – Mobilization). Contractor shall notify the Owner which items are anticipated to be 
repeated upon notice of de-mobilization and work conscientiously to minimize the repeated work. 
Once sufficient water is available for commissioning, the Owner will advise the Contractor to re-
mobilize to site to complete the work. Contractor shall have 14 days after notification to re-mobilize 
to be ready for commissioning. 

 

END OF SUPPLEMENTARY CONDITIONS 
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Forms and Guidance: 
 
The Texas Water Development Board (TWDB) forms and guidance documents noted in this 
instruction document may be accessed through the TWDB’s Financial Assistance web site at: 
http://www.twdb.texas.gov/financial/instructions/index.asp 
 
Search by either the document number or name. 

 

http://www.twdb.texas.gov/financial/instructions/index.asp
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I. INSTRUCTIONS TO APPLICANT 
 

1. Applicability 
These Supplemental Conditions contain provisions that are worded to comply with certain 
statutes and regulations which specifically relate to projects receiving state funds only.  
Except as noted, these supplemental conditions apply to projects funded by the following 
financial assistance programs: 

 
 Agricultural Water Conservation Fund (AWCF) 
 Economically Distressed Areas Program (EDAP) 
 Rural Water Assistance Fund (RWAF) 
 State Participation (SP) 
 State Water Implementation Fund for Texas (SWIFT) 
 Texas Water Development Fund II (WDF) 

 
Provisions that are applicable to the project's funding source or dollar value of the contract 
are so noted within these provisions.   
 
NOTES:  
- Per Section 17.183(c)(4), Texas Water Code (TWC), U.S. Iron and Steel requirements 

do not apply to SWIFT projects funded prior to May 1, 2019. 
 

- Effective September 1, 2017, TWC §17.183 eliminated the requirement for 
Manufactured Goods.  Thus, projects approved for funding after September 1, 2013 and 
which are not currently under construction, will only need to meet the requirements of 
TWC §17.183 as amended by S.B. 1289, 85th Legislative Session, and as outlined in these 
Contract Conditions. 

 
- Texas Water Code § 17.183 does not apply to the Agricultural Water Conservation Fund; 

however, the US I&S provisions in Texas Government Code, Chapter 2252, Subchapter 
F may apply to certain conservation projects funded through the Agricultural Water 
Conservation Fund. See Attachment 1 for supplemental guidance regarding Agricultural 
Water Conservation Fund projects. 

 

2. Use of Conditions 
The language and conditions listed under Section II: Instructions to Bidders are to be 
included in the instructions to bidders for construction services.   The provisions listed under 
Section III: Supplemental Contract Conditions shall be included in their entirety with the 
other general and special conditions that are typically included in the construction contract 
documents by the design engineer.   
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3. Modifications to Provisions 
These provisions shall be included as a stand-alone section in the contract documents.  The 
Applicant and the consulting engineer (Engineer) should carefully study these provisions 
before incorporating them into the construction contract documents.  In particular, Water 
Districts and other types of districts should be aware of statutes relating to their creation and 
operation which may affect the application of these conditions.  The TWDB Project 
Engineer/Reviewer should be consulted if the Applicant thinks there is a need to modify 
parts of these provisions. 

 
Supplemental Condition #13 (Archeological Discoveries and Cultural Resources) and #14 
(Endangered Species) may be superseded or modified by project specific conditions 
established during the environmental review process. 
 
These documents may confer certain duties and responsibilities on the Engineer that are 
beyond, or short of, what the Applicant intends to delegate.  The Applicant should ensure 
that the contractual agreement with the Engineer provides for the appropriate services.  
Otherwise the Applicant should revise the wording in these special conditions to agree with 
actually delegated functions. 
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4. Good Business Practices 
There are other contract provisions that the Applicant (Owner) and Engineer should include 
as a matter of good business practices.  It is recommended that provisions addressing the 
following matters be included in the construction contract. 
(a) Specifying the time frame for accomplishing the construction of the project, and the 

consequences of not completing on time, including liquidation damages. 
(b) Specifying the type, dollar value, and documentation of insurance the contractor is to 

carry.  At a minimum the contractor should carry worker’s compensation, liability and 
builder's risk insurance. 

(c) Identifying the responsibility of the contractor – Responsibility and Warranty of Work.  
(d) Price reduction for defective pricing of negotiated costs. 
(e) Differing site conditions - notice and claims regarding site conditions differing from 

indicated conditions. 
(f) Covenants against contingent fees - prohibit contingent fees for securing business. 
(g) Gratuities - prohibitions against offering and accepting gratuities. 
(h) Audit and access to records. 
(i) Suspension of work - conditions under which the Owner may suspend work. 
(j) Termination - conditions under which the Owner may terminate the contract. 
(k) Remedies - procedures for resolving disputes. 

 
5. Other Requirements 

There may be other local government requirements and applicable Federal and State statutes 
and regulations that are not accommodated by these conditions.  It is the Applicant's 
responsibility to ensure that the project and all contract provisions are consistent with the 
relevant statutes and regulations. 

 
6. Advertisements for Bids 

State procurement statutes require advertising a contract for bids for at least two (2) 
consecutive weeks.  By not following this requirement, the project may need to be re-
advertised.  The official advertisement for bids that is published in newspapers shall include 
certain information such as, but not limited to, the following: 
(a) A clear description of what is being procured. 
(b) How to obtain plans and specifications (P&S) and necessary forms and information. 
(c) The date and time by which bids are to be submitted (deadline). 
(d) The address where bids are to be provided. 
(e) This contract is contingent upon release of funds from the Texas Water Development 

Board (TWDB). 
(f) Any contract(s) awarded under this Invitation for Bids is/are subject to the United States 

Iron and Steel (US I&S) requirements of Texas Water Code §17.183 and/or Texas 
Government Code, Chapter 2252, Subchapter F, as amended by SB 1289, 85th Legislative 
Session, as applicable. (NOTE: does not apply to SWIFT projects funded prior to May 
1, 2019). 

(g) Acknowledgement of any special requirements such as mandatory pre-bid conference. 
(h) Right to reject any and all bids. 
(i) General bond requirements. 
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Bid Proposal 

The Bid Proposal form should account for the following: 
(a) If lump sum bid, include a list of the materials used and associated costs. 
(b) Distinguish eligible and ineligible items. 
(c) Accommodate trench safety requirements with separate per unit pay item for trench 

excavation safety protection, Health and Safety Code Chapter 756, Subchapter C. 
(d) Include space for the Contractor to acknowledge receipt of each Addendum issued during 

the bidding process. 
 

7. Bidding Process 
The Plans and Specifications (P&S) should include an explanation of how the bids will be 
processed.  The explanation should include the following components: 
(a) Whether a pre-bid conference will be held, whether it is optional or mandatory, where 

and when it will be held. 
(b) Specify the criteria and process for determining responsiveness and responsibility of the 

bidder. 
(c) Specify the method of determining the successful bidder and award (e.g., award to the 

lowest responsive, responsible bidder, accounting for any multiple parts to bids) and 
accounting for non-resident bidder reciprocity requirements.  

(d) Allow for withdrawal of a bid due to a material mistake. 
(e) Identify the time frame that the bids may be held by the Applicant before awarding a 

contract (e.g., typically for 60 or 90 days). 
(f) Acknowledge right of the Applicant to reject any and all bids. 

 

8. Release of Funds 
(a) Submittal of Bid Documents to TWDB Project Engineer/Reviewer to allow contingent 

award of contract: 
 

(1) Advertisement and affidavit of advertisement. 
(2) Bid tabulation. 
(3) All addenda submitted and approved for the contract. 
(4) Bid proposal of apparent low bidder (or chosen bidder, with explanation) with 

bid bond. 
(5) Site certificate (ED-101). 
(6) Consulting engineer’s recommendation to award letter. 
(7) A description of any bidding irregularities. 
(8) Construction inspection proposal. 
(9) Vendor Compliance with Reciprocity of Non-Resident Bidders Form (TWDB-

0459). 
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(b) Following contingent award of the contract, TWDB Project Engineer/Reviewer should 
receive a bound copy of the executed contract documents (including specifications).  This 
document should include: 
 

(1) Executed agreement. 
(2) Contractor’s act of assurance (ED-103). 
(3) Contractor’s act of assurance resolution (ED-104). 
(4) Payment and Performance bond (must be executed on or after the date of 

execution of the contract). 
(5) Contractor’s Certificate of Insurance. 
(6) Sufficiency of funds letter (if the project is not 100% funded with TWDB 

funds). 
 
After reviewing and approving the executed bid documents, the TWDB will issue an 
authorization for the Applicant to issue a notice to proceed.  At this time, TWDB staff 
can begin releasing construction funds, in accordance with program specific 
requirements. 
 
For any questions or proposed modifications to these conditions, please contact your 
TWDB Project Engineer/Reviewer. 
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II. INSTRUCTIONS TO BIDDERS

The language and conditions listed in this section shall be included in the “Instructions to
Bidders” section of the construction contract document.

1. Contingent Award of Contract
This contract is contingent upon release of funds from the Texas Water Development Board.
Any contract or contracts awarded under this Invitation for Bids is/are expected to be funded
in part by a loan or grant from the Texas Water Development Board.  Neither the state of
Texas, nor any of its departments, agencies, or employees are or will be a party to this
Invitation for Bids or any resulting contract.

2. U.S. Iron and Steel (Does not apply to SWIFT Projects funded prior to May 1,
2019)
Any contract(s) awarded under this Invitation for Bids is/are subject to the United States Iron
and Steel requirements of Texas Water Code §17.183 and/or Texas Government Code,
Chapter 2252, Subchapter F, as amended by SB 1289, 85th Legislative Session. The
contractor must complete the statement of understanding regarding this requirement, found
in the Supplemental Contract Conditions, Item No. 9. Refer to TWDB-1105 – United States
Iron and Steel (US I&S) Guidance.

3. Bid Guarantee
Each bidder shall furnish a bid guarantee equivalent to five percent of the bid price (Water
Code §17.183). If a bid bond is provided, the Contractor shall utilize a surety company which
is authorized to do business in Texas in accordance with Surety Bonds and Related
Instruments, Chapter 3503 of the Insurance Code.

4. Award of Contract to Nonresident Bidder
A governmental entity may not award a governmental contract to a nonresident bidder unless
the nonresident underbids the lowest bid submitted by a responsible resident bidder by an
amount that is not less than the amount by which a resident bidder would be required to
underbid the nonresident bidder to obtain a comparable contract in the state in which the
nonresident's principal place of business is located.  A non-resident bidder is a Contractor
whose corporate offices or principal place of business is outside of the state of Texas (Source:
Texas Government Code, Chapter 2252, Subchapter A, Nonresident Bidders, §2252.002).

The bidder will complete form TWDB-0459, Vendor Compliance with Reciprocity on Non-
Resident Bidders, which must be submitted with the bid.
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III. SUPPLEMENTAL CONTRACT CONDITIONS

1. Supersession
The Owner and the Contractor agree that the TWDB Supplemental Conditions apply to the
work eligible for Texas Water Development Board assistance to be performed under this
contract and these clauses supersede any conflicting provisions of this contract.

2. Privity of Contract
Funding for this project is expected to be provided in part by a loan or grant from the Texas
Water Development Board. Neither the state of Texas, nor any of its departments, agencies
or employees is, or will be, a party to this contract or any lower tier contract.  This contract
is subject to applicable provisions in 31 TAC Chapter 363 in effect on the date of the
assistance award for this project.

3. Definitions
(a) The term “Owner” means the local entity contracting for the construction services.
(b) The term "TWDB" means the Executive Administrator of the Texas Water Development

Board, or other person who may be at the time acting in the capacity or authorized to
perform the functions of such Executive Administrator, or the authorized representative
thereof.

(c) The term “Engineer” means the Owner’s authorized consulting engineer for the project.

4. Laws to be Observed
In the execution of the contract, the Contractor must comply with all applicable local, state
and federal laws, including but not limited to laws concerned with labor, safety, minimum
wages, and the environment.  The Contractor shall be familiar with and at all times shall
observe and comply with all federal, state, and local laws, ordinances and regulations which
in any manner affect the conduct of the work, and shall indemnify and save harmless the
Owner, Texas Water Development Board, and their representatives against any claim arising
from violation of any such law, ordinance or regulation by the Contractor, their
Subcontractor or their employees.

5. Review by Owner and TWDB
(a) The Owner, authorized representatives and agents of the Owner, and the TWDB shall, at

all times have access to and be permitted to observe and review all work, materials,
equipment, payrolls, personnel records, employment conditions, material invoices, and
other relevant data and records pertaining to this contract, provided, however that all
instructions and approval with respect to the work will be given to the Contractor only
by the Owner through authorized representatives or agents.

(b) Any such inspection or review by the TWDB shall not subject the state of Texas, or its
representatives, to any action for damages.
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6. Performance and Payment Bonds 
Each Contractor awarded a construction contract must furnish performance and payment 
bonds: 
 
(a) the performance bond shall include without limitation guarantees that work done under 

the contract will be completed and performed according to approved plans and 
specifications and in accordance with sound construction principles and practices; 

 
(b) the performance and payment bonds shall be in a penal sum of not less than 100 percent 

of the contract price and remain in effect for one year beyond the date of approval by the 
Engineer of the political subdivision; and 

 
(c) the Contractor shall utilize a surety company that is authorized to do business in Texas in 

accordance with Surety Bonds and Related Instruments, Chapter 3503 of the Insurance 
Code. 

 

7. Payments Schedule and Cost Breakdown 
(a) The Contractor shall submit for approval immediately after execution of the Agreement, 

a carefully prepared Progress Schedule, showing the proposed dates of starting and 
completing each of the various sections of the work, the anticipated monthly payments 
to become due to the Contractor, and the accumulated percent of progress each month. 
 

(b) The following paragraph applies only to contracts awarded on a lump sum contract price: 
 

COST BREAKDOWN - The Contractor shall submit to the Owner a detailed breakdown of 
the estimated cost of all work to be accomplished under the contract, so arranged and 
itemized as to meet the approval of the Owner or funding agencies.  This breakdown shall 
be submitted promptly after execution of the agreement and before any payment is made to 
the Contractor for the work performed under the contract.  After approval by the Owner the 
unit prices established in the breakdown shall be used in estimating the amount of partial 
payments to be made to the Contractor. 

 
8. Workers’ Compensation Insurance Coverage (as applicable, consistent with 

Texas Labor Code § 406.096) 
(a) The Contractor shall certify in writing that they provide workers' compensation insurance 

coverage for each employee of the Contractor employed on the public project. 
(b) Each Subcontractor on the public project shall provide such a certificate relating to 

coverage of the Subcontractor's employees to the general Contractor, who shall provide 
the Subcontractor's certificate to the governmental entity. 

(c) A Contractor who has a contract that requires workers' compensation insurance coverage 
may provide the coverage through a group plan or other method satisfactory to the 
governing body of the governmental entity. 

(d) The employment of a maintenance employee by an employer who is not engaging in 
building or construction as the employer's primary business does not constitute engaging 
in building or construction. 
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(e) In this section: 
(1) "Building or construction" includes: 

i. erecting or preparing to erect a structure, including a building, bridge, 
roadway, public utility facility, or related appurtenance; 

ii. remodeling, extending, repairing, or demolishing a structure; or 
iii. otherwise improving real property or an appurtenance to real property 

through similar activities. 
(2) "Governmental entity" means this state or a political subdivision of this state. 

The term includes a municipality. 
 

9. U.S. Iron and Steel (Does not apply to SWIFT Projects funded prior to May 1, 
2019) 
The following statement must be completed by the Contractor and made a part of the 
agreement between the Owner and the Contractor. 
 
The Contractor acknowledges to and for the benefit of the Applicant (“Purchaser”) and the 
Texas Water Development Board (“TWDB”) that it understands the goods and services 
under this Agreement are being funded with monies made available by the Water 
Development Fund, Rural Water Assistance Fund, Economically Distressed Areas, State 
Participation Fund and/or Agricultural Water Conservation Fund. That these funds have 
statutory requirements commonly known as “United States Iron and Steel” that requires all 
of the iron and steel products used in the project to be produced in the United States 
(“United States Iron and Steel Requirement”) including iron and steel products provided 
by the Contactor pursuant to this Agreement. The Contractor hereby represents and 
warrants to and for the benefit of the Purchaser and the TWDB that (a) the Contractor has 
reviewed and understands the United States Iron and Steel Requirement, (b) all of the iron 
and steel products used in the project will be and/or have been produced in the United 
States in a manner that complies with the United States Iron and Steel Requirement, unless 
a waiver of the requirement is approved, and (c) the Contractor will provide any further 
verified information, certification or assurance of compliance with this paragraph, or 
information necessary to support a waiver of the United States Iron and Steel Requirement, 
as may be requested by the Purchaser or the TWDB. Notwithstanding any other provision 
of this Agreement, any failure to comply with this paragraph by the Contractor shall permit 
the Purchaser to enforce this Agreement and recover as damages against the Contractor 
any loss, expense, or cost (including without limitation attorney’s fees) incurred by the 
Purchaser resulting from any such failure (including without limitation any impairment or 
loss of funding, whether in whole or in part, from the TWDB or any damages owed to the 
TWDB by the Purchaser). Neither this paragraph (nor any other provision of this 
Agreement necessary to give this paragraph force or effect) shall be amended or waived 
without the prior written consent of the TWDB.  
 
In the execution of the Contract, the Contractor shall be familiar with and at all times shall 
observe and comply with all applicable federal, state, and local laws, ordinances and 
regulations concerned with the use of iron and steel made in the United States which in any 
manner affect the conduct of the work, and shall indemnify and save harmless the Texas 
Water Development Board against any claim arising from violation of any such law, 
ordinance or regulation by the Contractor or by their Subcontractor or their employees. 
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Additional information on the United States Iron and Steel (US I&S) and its 
applicability to this contract can be found in the TWDB-11005 guidance.  
 
It is recommended the Owner receive and maintain files documenting the Contractor’s 
use of US I&S.  Compliance with US I&S will be verified by the Owner through the 
submittal of the TWDB form TWDB-1105-A. 

 

10. Prevailing Wage Rates 
This contract is subject to Government Code Chapter 2258 concerning payment of Prevailing 
Wage Rates.   The Owner will determine what the general prevailing rates are in accordance 
with the statute.  The applicable provisions include, but are not limited to the following: 

 
§2258.021. Right to be Paid Prevailing Wage Rates 
(a) A worker employed on a public work by or on behalf of the state or a political subdivision 

of the state shall be paid: 
(1) not less than the general prevailing rate of per diem wages for work of a similar 

character in the locality in which the work is performed; and 
(2) not less than the general prevailing rate of per diem wages for legal holiday and 

overtime work. 
 

(b) Subsection (a) does not apply to maintenance work. 
(c) A worker is employed on a public work for the purposes of this section if the worker is 

employed by a Contractor or Subcontractor in the execution of a contract for the public 
work with the state, a political subdivision of the state, or any officer or public body of 
the state or a political subdivision of the state. 

 
§2258.023. Prevailing Wage Rates to be Paid by Contractor and Subcontractor; Penalty 
(a) The Contractor who is awarded a contract by a public body or a Subcontractor of the 

Contractor shall pay not less than the rates determined under Section 2258.022 to a 
worker employed by it in the execution of the contract. 
 

(b) A Contractor or Subcontractor who violates this section shall pay to the state or a political 
subdivision of the state on whose behalf the contract is made, $60 for each worker 
employed for each calendar day or part of the day that the worker is paid less than the 
wage rates stipulated in the contract.  A public body awarding a contract shall specify 
this penalty in the contract. 

 
(c) A Contractor or Subcontractor does not violate this section if a public body awarding a 

contract does not determine the prevailing wage rates and specify the rates in the contract 
as provided by Section 2258.022. 

 
(d) The public body shall use any money collected under this section to offset the costs 

incurred in the administration of this chapter. 
 

(e) A municipality is entitled to collect a penalty under this section only if the municipality 
has a population of more than 10,000. 
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§2258. 024. Records 
(a) A Contractor and Subcontractor shall keep a record showing: 

(1) the name and occupation of each worker employed by the Contractor or 
Subcontractor in the construction of the public work; and 

(2) the actual per diem wages paid to each worker. 
 

(b) The record shall be open at all reasonable hours to inspection by the officers and agents 
of the public body. 

 
§2258. 025. Payment Greater Than Prevailing Rate Not Prohibited 
This chapter does not prohibit the payment to a worker employed on a public work an amount 
greater than the general prevailing rate of per diem wages. 

 

11. Employment of Local Labor (only applicable to projects funded by EDAP) 
The Contractor shall, to the maximum feasible extent, employ local labor for construction of 
the project.  The Contractor and every Subcontractor undertaking to do work on the project 
which is, or reasonably may be done as on-site work, shall employ qualified persons who 
regularly reside within the political subdivision boundary of the Owner and the economically 
distressed area where the project is located (Texas Water Code, Section 17.183). 
 

12. Payments 
(a) Progress Payments: 

(1) The Contractor shall prepare their requisition for progress payment as of the 
last day of the month and submit it, with the required number of copies, to the 
Engineer for review.  Except as provided in paragraph (3) of this subsection, 
the amount of the payment due the Contractor shall be determined by adding to 
the total value of work completed to date, the value of materials properly stored 
on the site and deducting: (1) five percent (5%) minimum of the total amount, 
as a retainage and (2) the amount of all previous payments.  The total value of 
work completed to date shall be based on the actual or estimated quantities of 
work completed and on the unit prices contained in the agreement (or cost 
breakdown approved pursuant to section 7b relating to lump sum bids) and 
adjusted by approved change orders.  The value of materials properly stored on 
the site shall be based upon the estimated quantities of such materials and the 
invoice prices.  Copies of all invoices shall be available for inspection by the 
Engineer. 

 
(2) The Contractor shall be responsible for the care and protection of all materials 

and work upon which payments have been made until final acceptance of such 
work and materials by the Owner.  Such payments shall not constitute a waiver 
of the right of the Owner to require the fulfillment of all terms of the Contract 
and the delivery of all improvements embraced in this contract complete and 
satisfactory to the Owner in all details. 
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(3) This clause applies to contracts when the Owner is a District or Authority.  The 
retainage shall be ten percent of the amount otherwise due until at least fifty 
percent of the work has been completed. After the project is fifty percent 
completed, and if the District or Authority’s Board finds that satisfactory 
progress is being made, then the District may authorize any of the remaining 
progress payments to be made in full.  The District is not obligated to pay 
interest earned on the first 50% of work completed (Texas Water Code Sec. 
49.276(d)). 

 
(4) The five percent (5%) retainage of the progress payments due to the Contractor 

may not be reduced until the building of the project is substantially complete 
and a reduction in the retainage has been authorized by the TWDB. 

 
(b) Withholding Payments.  The Owner may withhold from any payment otherwise due the 

Contractor so much as may be necessary to protect the Owner and if so elects may also 
withhold any amounts due from the Contractor to any Subcontractors or material dealers, 
for work performed or material furnished by them.  The foregoing provisions shall be 
construed solely for the benefit of the Owner and will not require the Owner to determine 
or adjust any claims or disputes between the Contractor and their Subcontractors or 
Material dealers, or to withhold any monies for their protection unless the Owner elects 
to do so. The failure or refusal of the Owner to withhold any monies from the Contractor 
shall in no way impair the obligations of any surety or sureties under any bond or bonds 
furnished under this contract. 

 
(c) Payments Subject to Submission of Certificates.  Each payment to the Contractor by the 

Owner shall be made subject to submission by the Contractor of all written certifications 
required of the Contractor, their Subcontractors and other general and special conditions 
elsewhere in this contract. 

 
(d) Final Payment. 

(1) Upon satisfactory completion of the work performed under this contract, as a 
condition before final payment under this contract or as a termination settlement 
under this contract the Contractor shall execute and deliver to the Owner a 
release of all claims against the Owner arising under, or by virtue of, this 
contract, except claims which are specifically exempted by the Contractor to be 
set forth therein.  Unless otherwise provided in this contract, by state law or 
otherwise expressly agreed to by the parties to this contract, final payment under 
this contract or settlement upon termination of this contract shall not constitute 
a waiver of the Owner' s claims against the Contractor or their sureties under 
this contract or applicable performance and payment bonds. 

 
(2) After final inspection and acceptance by the Owner of all work under the 

Contract, the Contractor shall prepare their requisition for final payment which 
shall be based upon the carefully measured or computed quantity of each item 
of work at the applicable unit prices stipulated in the Agreement or cost 
breakdown (if lump sum), as adjusted by approved change orders.  The total 
amount of the final payment due to the Contractor under this contract shall be 
the amount computed as described above less all previous payments. 
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(3) The retainage and its interest earnings, if any, shall not be paid to the Contractor 

until the TWDB has authorized a reduction in, or release of, retainage on the 
contract work. 

 
(4) Withholding of any amount due to the Owner, under general and/or special 

conditions regarding "Liquidated Damages" shall be deducted from the final 
payment due the Contractor. 

 

13. Archaeological Discoveries and Cultural Resources 
No activity which may affect properties listed or properties eligible for listing in the National 
Register of Historic Places or eligible for designation as a State Archeological Landmark is 
authorized until the Owner has complied with the provisions of the National Historic 
Preservation Act and the Antiquities Code of Texas.  The Owner has previously coordinated 
with the appropriate agencies and impacts to known cultural or archeological deposits have 
been avoided or mitigated.  However, the Contractor may encounter unanticipated cultural 
or archeological deposits during construction. 

 
If archeological sites or historic structures which may qualify for designation as a State 
Archeological Landmark according to the criteria in 13 TAC Chapter 26,  or that may be 
eligible for listing on the National Register of Historic Places in accordance with 36 CFR 
Part 800, are discovered after construction operations are begun, the Contractor shall 
immediately cease operations in that particular area and notify the Owner, the TWDB, and 
the Texas Historical  Commission, 1511 N. Colorado St. , P. O. Box 12276, Capitol Station, 
Austin, Texas 78711-2276.  The Contractor shall take reasonable steps to protect and 
preserve the discoveries until they have been inspected by the Owner's representative and the 
TWDB.  The Owner will promptly coordinate with the State Historic Preservation Officer 
and any other appropriate agencies to obtain any necessary approvals or permits to enable 
the work to continue.  The Contractor shall not resume work in the area of the discovery until 
authorized to do so by the Owner. 

 

14. Endangered Species 
No activity is authorized that is likely to jeopardize the continued existence of a threatened 
or endangered species as listed or proposed for listing under the Federal Endangered Species 
Act (ESA), and/or the State of Texas Parks and Wildlife Code on Endangered Species, or to 
destroy or adversely modify the habitat of such species. 

 
If a threatened or endangered species is encountered during construction, the Contractor shall 
immediately cease work in the area of the encounter and notify the Owner, who will 
immediately implement actions in accordance with the ESA and applicable State statutes. 
These actions shall include reporting the encounter to the TWDB, the U.S. Fish and Wildlife 
Service, and the Texas Parks and Wildlife Department, obtaining any necessary approvals or 
permits to enable the work to continue, or implement other mitigation actions.  The 
Contractor shall not resume construction in the area of the encounter until authorized to do 
so by the Owner. 
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15. Hazardous Materials 
Materials utilized in the project shall be free of any hazardous materials, except as may be 
specifically provided for in the specifications. 
 
If the Contractor encounters existing material on sites owned or controlled by the Owner or 
in material sources that are suspected by visual observation or smell to contain hazardous 
materials, the Contractor shall immediately notify the Engineer and the Owner.  The Owner 
will be responsible for the testing and removal or disposal of hazardous materials on sites 
owned or controlled by the Owner.  The Owner may suspend the work, wholly or in part 
during the testing, removal or disposal of hazardous materials on sites owned or controlled 
by the Owner. 
 

16. Changes 
*Provisions identified with an asterisk below are consistent with Local Government Code 
271.060.  Counties and Municipalities may modify the identified provisions, when applicable, 
to conform to Local Government Code 262.031 (Counties) or 252.048 (Municipalities). 

(a) The Owner may at any time, without notice to any surety, by written order designated or 
indicated to be a change order, make changes in the work within the general scope of the 
contract, including but not limited to changes: 

(1) In the specifications (including drawings and designs); 
(2) In the time, method or manner of performance of the work; 
(3) To decrease or increase the quantity of work to be performed or materials, 

equipment or supplies to be furnished; 
 

(b) *The total price of a contract may not be increased by a change order unless provision 
has been made for the payment of the added cost by the appropriation of current funds or 
bond funds for that purpose, by the authorization of the issuance of certificates, or by a 
combination of those procedures. 
 

(c) *A contract with an original contract price of $1 million or more may not be increased 
by more than 25 percent.  If a change order for a contract, with an original contract price 
of less than $1 million, increases the contract amount to $1 million or more, subsequent 
change orders may not increase the revised contract amount by more than 25 percent. 
 

(d) *A governing body may grant authority to an official or employee responsible for 
purchasing or for administering a contract to approve a change order that involves an 
increase or decrease of $50,000 or less. 
 

(e) Changes that involve an increase in price will be supported by documentation of the cost 
components.  For projects funded through the EDAP program, or with grant proceeds, 
TWDB staff may request this information to be provided in a format equivalent to the 
Cost and Pricing Information form (No. WRD-277). 
 

(f) Any change orders involving a change in the project requiring a relocation of project 
components, sizing, or process may require additional environmental approval.  A map 
and description of the proposed changes should be sent to the TWDB Environmental 
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Reviewer for coordination and approval as soon as possible to avoid any delay. 
 

17. Operation and Maintenance Manuals and Training 
(a) The Contractor shall obtain installation, operation, and maintenance manuals from 

manufacturers and suppliers for equipment furnished under the contract.  The Contractor 
shall submit three copies of each complete manual to the Engineer within 90 days after 
approval of shop drawings, product data, and samples, and not later than the date of 
shipment of each item of equipment to the project site or storage location. 
 

(b) The Owner shall require the Engineer to promptly review each manual submitted, noting 
necessary corrections and revisions.  If the Engineer rejects the manual, the Contractor 
shall correct and resubmit the manual until it is acceptable to the Engineer as being in 
conformance with the design concept of the project and for compliance with information 
given in the contract documents.  Owner may assess Contractor a charge for reviews of 
same items in excess of three (3) times.  Such procedure shall not be considered cause 
for delay. 
 

(c) Acceptance of manuals by Engineer does not relieve Contractor of any requirements of 
terms of Contract. 
 

(d) The Contractor shall provide the services of trained, qualified technicians to check final 
equipment installation, to assist as required in placing same in operation, and to instruct 
operating personnel in the proper manner of performing routine operation and 
maintenance of the equipment. 
 

(e) Operations and maintenance manuals specified hereinafter are in addition to any 
operation, maintenance, or installation instructions required by the Contractor to install, 
test, and start-up the equipment. 
 

(f) Each manual is to be bound in a folder and labeled to identify the contents and project to 
which it applies.  The manual shall contain the following applicable items: 

(1) A listing of the manufacturer's identification, including order number, model, 
serial number, and location of parts and service centers. 

(2) A list of recommended stock of parts, including part number and quantity.  
(3) Complete replacement parts list. 
(4) Performance data and rating tables. 
(5) Specific instructions for installation, operation, adjustment, and maintenance.  
(6) Exploded view drawings for major equipment items. 
(7) Lubrication requirements. 
(8) Complete equipment wiring diagrams and control schematics with terminal 

identification. 
 

18. As-built Dimensions and Drawings 
(a) Contractor shall make appropriate daily measurements of facilities constructed and keep 

accurate records of location (horizontal and vertical) of all facilities. 
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(b) Upon completion of each facility, the Contractor shall furnish the Owner with one set of 
direct prints, marked with red pencil, to show as-built dimensions and locations of all 
work constructed.  As a minimum, the final drawings shall include the following: 

(1) Horizontal and vertical locations of work. 
(2) Changes in equipment and dimensions due to substitutions. 
(3) "Nameplate" data on all installed equipment. 
(4) Deletions, additions, and changes to scope of work.  
(5) Any other changes made. 

 

19. Close-Out Procedures 
To close-out the contract and release final retainage, the following steps must be completed: 

 
(a) TWDB Staff must conduct a construction contract final inspection (CCFI). 

 
(b) The following submittals must be received, reviewed, and accepted by TWDB: 

(1) The final change order, adjustment of quantities, or a statement that all change 
orders have previously been submitted and there will be no more change orders; 

(2) The final pay request from the Contractor; 
(3) An affidavit by the Contractor that all bills have been paid; 
(4) Certification by the consulting Engineer that the work has been completed and 

was constructed in accordance with the approved plans and specifications and 
sound engineering principles and construction practices; 

(5) Acceptance of the project by the Owner in the form of a written resolution or 
other formal action; 

(6) Notification of the beginning date of the warranty period for the contract; and  
(7) Confirmation that the Owner has received as-built drawings from the 

Contractor. 
(8) Certificate of Compliance with U.S. Iron and Steel Requirements (TWDB-

1105A) 
 

(c) TWDB will issue a Certificate of Approval allowing the release of retainage. 

IV. FORMS AND GUIDANCE LIST 
The following documents, mentioned throughout this guidance are available on the TWDB website 
at: http://www.twdb.texas.gov/financial/instructions/index.asp  
 
Forms: 

The following forms must be included in the bid documents: 
 Contractor' s Act of Assurance (ED-103) 
 Contractor' s Act of Assurance Resolution (ED-104) 
 Certificate of Compliance with U.S. Iron and Steel Requirements (TWDB-1105A) 
 Site Certificate (ED-101) 
 Vendor Compliance with Reciprocity of Non-Resident Bidders (TWDB-0459). 

 
Guidance Document: 

 United States Iron and Steel Guidance (TWDB-1105) 

http://www.twdb.texas.gov/financial/instructions/index.asp


  ED-103 
  Reviewed 09/26/2016 
 
 

CONTRACTOR'S ACT OF ASSURANCE 
 
STATE OF TEXAS    § 
      § 
COUNTY OF________________________ § 
 
 
 

BEFORE ME _________________________, a Notary Public duly commissioned and 

qualified in and for the County of                                    in the State of Texas came and appeared  

                                                           , as represented by                                                        , the  

Corporation’s                                                        , who declares he/she is authorized to represent 

                                                                                        pursuant to provisions of a resolution adopted 

by said Corporation on the           day of                      , 20           (a duly certified copy of such 

resolution is attached to and is hereby made a part of this document). 

 

                                                                                                                 , as the representative 

of,                                                                                   declares that                                                                   

assures the Texas Water Development  Board that it will construct                                               

project at                                          , Texas, in accordance with sound construction practice, all laws 

of the State of Texas, and the rules of the Texas Water Development Board. 

 
 

GIVEN UNDER MY HAND and seal of office this                  day of                     , 20             . 
 
 
 

_________________________________________ (Notary Public in and for the State of Texas) 
 
 

_________________________________________ (Print Name) 
            
 
 
 
 

 
[SEAL] 



  ED-104 
10/06/2016 

CONTRACTOR'S ACT OF ASSURANCE RESOLUTION  
 
 

I hereby certify that it was RESOLVED by a quorum of the directors of the  

                                                                                                               (Name of Corporation), 

meeting on the______day of ___________________ 20_____, that: 

 

Authorized Representative(s): 

 

 

 

 

be, and hereby is/are authorized to act on behalf of ____________________________________ 

(Name of Corporation), as its representative in all business transactions conducted in the State of 

Texas, and;  

 

That all above resolution was unanimously ratified by the Board of Directors at said 

meeting and that the resolution has not been rescinded or amended and is now in full forces and 

effect; and;  

 

In authentication of the adoption of this resolution, I subscribe my name and affix the seal 

of the Corporation this                  day of                       , 20           . 

 
 
 

_________________________(Secretary) 
 
 
 
 
 
  [SEAL] 
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VENDOR COMPLIANCE WITH RECIPROCITY ON 

NON- RESIDENT BIDDERS  

Texas Government Code Section 2252.002 provides that in order for nonresident bidders to be awarded 
a governmental contract, the bidder must bid projects for construction, improvements, supplies, or 
services in Texas at an amount lower than the lowest Texas resident bidder by the same amount that a 
Texas resident bidder would be required to underbid the nonresident bidder in order to obtain a 
comparable contract in the nonresident bidder’s state.  A nonresident bidder is a person, including a 
contractor, whose principal place of business or corporate office is outside of the state of Texas. 
This requirement does not apply to a contract involving Federal funds. The appropriate blanks in 
Section A must be filled out by all nonresident bidders in order for your bid to meet specifications.  
The failure of a nonresident bidder to do so will automatically disqualify that bidder. Resident bidders 
must check the blank in Section B. 

 

A. Non-resident vendors in ________________________(give state), our principal place of 
business, are required to be ____________percent lower than resident bidders by state law. 
A copy of the statute is attached. 
 
Non-resident vendors in ________________________ (give state), our principal place of  
business, are not required to underbid resident bidders.  

 
B. Our principal place of business or corporate office is in the state of Texas:______________. 

 
 
BIDDER: 
 
___________________________________________________________________________________ 
Company 
 
 
___________________________________________________________________________________ 
City                                                            State                                                               Zip 
 
 
___________________________________________________________________________________ 
By (print name) 
 
 
___________________________________________________________________________________ 
Signature 
 
 
___________________________________________________________________________________ 
Title (print) 

THIS FORM MUST BE RETURNED WITH THE BID 
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SECTION 01 11 00 

SUMMARY OF WORK 

PART 1 - GENERAL 

1.1 SECTION INCLUDES 

A. Summary of the Work including Work by the Authority, Work sequence, future 
Work, Contractor Use of Premises, and Special Conditions for Substantial 
Completion. 

1.2 WORK INCLUDED 

A. Construct work as described in the Contract Documents. 

1. Provide the materials, equipment, and incidentals required to make the 
project completely operable. 

2. Provide the labor, equipment, tools, and consumable supplies required for a 
complete project. 

3. Provide the civil, architectural, structural, mechanical, electrical, 
instrumentation and all other work required for a complete and operable 
project. 

a. Comply with Owner provided tagging standard when tagging all electrical 
and instrumentation conduit, conductors, panels and associated electrical 
and instrumentation appurtenances.  Contractor shall contact Owner to 
obtain latest version of tagging standard prior to creating tags.     

4. Test and place the completed project in operation. 

5. Provide the special tools, spare parts, lubricants, supplies, or other materials 
as indicated in Contract Documents for the operation and maintenance of 
the Project. 

6. Install Owner provided products and place in operation. 

7. Drawings and specifications do not indicate or describe all of the work 
required to complete the project.  Additional details required for the correct 
installation of selected products are to be provided by the Contractor and 
coordinated with the Engineer. 

1.3 JOB CONDITIONS 

A. The General Conditions, the Supplementary Conditions, and Division 01 apply 
to each specification sections. 

B. Comply with all applicable state and local codes and regulations pertaining to 
the nature and character of the work being performed. 
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1.4 DESCRIPTION OF WORK 

A. Work is described in general, non-inclusive terms as: 

Site Work (Area 01):  

• The incoming surface water will be conveyed to the Central Pump 
Station via an 84-inch transmission main. 

• The 84-inch incoming transmission main will reduce to 72-inch 
through the insertion flow meter and the chemical injection station, 
then increase back to 84-inch below ground. 

• The 84-inch incoming transmission main will branch into four 48-
inch pipes to connect to the two GSTs in the initial phase and two 
GSTs in the future. 

• The 72-inch GST effluent pipes on the north and south will combine 
into a common 84-inch buried suction header. 

• A single 84-inch buried suction with one 84-inch butterfly isolation 
valve that will be constructed in a closed vault with extended stem 
accessible by a valve cover. 

• The 84-inch outgoing transmission main will reduce to 72-inch 
aboveground at the chemical injection station, then increase back 
to 84-inch below ground.   

• A 36-inch outgoing transmission line will be extended to the 
southeast corner of the site.   

• Two chemical trenches cross roads for chemical lines and water 
sample lines connecting to chemical injection stations. 

• Cathodic protection will be provided at the facility to prevent 
pipeline corrosion. 

• A package sanitary pump station will be provided to pump 
wastewater to the adjacent municipal utility district.   

• Miscellaneous yard piping including potable water lines, storm 
sewer and wastewater lines will be provided. 

• New 30-ft wide curb and gutter access roads and associated 
driveways and sidewalks.  A new parking lot with a minimum of 100 
parking spots will be provided for the Operations Building.   

• Two transformers in a containment area, two switchgears enclosed 
in two precast concrete buildings, access sidewalk and crushed 
concrete pavement access road. 

• Wire mesh and precast concrete hybrid fencing, gates, site security 
system and landscaping. 

• Median modifications and access driveways at Fry Rd. 
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• Security system in accordance with the campus measures to deter, 
detect, delay, and respond to security threats. 

• Other miscellaneous work as shown in the plans and specifications. 

Primary and Auxiliary Power System:  

• The primary service voltage to the facility is from Center Point 
Energy (CNP) and will be 34.5 KV. The interplant distribution for the 
facility will be rated for 4,160 KV. 

• Provide all civil related improvements for the auxiliary generator 
station.  Auxiliary generator station to be provided by others.    

Operations Building (Area 02):  

• A new approximately 13,000 SF single story operations building. 
Conference room and parking spaces will accommodate a 
minimum of 150 people for monthly meetings of the WHCRWA 
Board. This building will also have a break room, three offices, 
emergency sleeping quarters/cot room, mechanical room, 
electrical/communications, SCADA and Lab rooms, as well as open 
space that can accommodate five cubicles or potential future 
offices. 

• Security system in accordance with the campus measures to deter, 
detect, delay, and respond to security threats. 

• Other miscellaneous work as shown in the plans and specifications. 

Pump and Electrical Building (Area 03):  

• A new approximately 16,225 square feet (SF) single story Pump 
and Electrical Building. The pump area is designed as a high bay 
with a barrel vault structure with a drive through at the roll-up doors 
and a bridge crane for pump and equipment service and 
conveyance. The electrical room area is designed as a lower eave-
height, sloped roof terminating into the higher pump area barrel 
vault. 

• Four 34.2 MGD horizontal split case pumps in the first phase, with 
a range of 16 MGD to 103 MGD firm capacity using adjustable 
frequency drives (AFD) plus two additional future 34.2 MGD 
pumps.   

• A single 84-inch buried discharge header. 

• Six 48-inch pump suction lines. Each suction line will have a 48-
inch butterfly isolation valve that will be constructed in a manhole 
with extended stem above grade. 
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• Four 30-inch pump discharge lines. Each discharge line will have a 
flow control ball valve with electro-hydraulic actuator, a 30-inch 
magnetic flow meter and a 30-inch butterfly isolation valve. 

• Bridge crane and access platform. 

• SCADA communications, PLC consolidation, and a workstation 
computer with multiple screens located in the Pump Station Control 
Room. 

• The electrical room and unmanned control room internal to the 
pump room will be conditioned spaces, while the pump room will be 
actively ventilated and heated. 

• Security system in accordance with the campus measures to deter, 
detect, delay, and respond to security threats. 

• Plumbing, HVAC, fire protection and alarm system. 

• Other miscellaneous work as shown in the plans and specifications. 

Chemical Facilities (Area 04):  

• A new approximately 1,400 SF single story structure that houses 
the chemical feed/analyzer rooms and an electrical room. 

• A new approximately 1,600 SF uncovered bulk outdoor 
storage/containment area with chemical tanks for sodium 
hypochlorite and liquid ammonia sulfate (LAS) and a future 
phosphate chemical storage area. 

• Three 7,300-gallon sodium hypochlorite bulk storage tanks and four 
32.16 gallon per hour (gph) feed pumps (one tank and one pump 
are future). 

• Two 2,500-gallon LAS bulk storage tanks and three 13.93 gph feed 
pumps. 

• Three (two duty and one standby) circulator pumps for the water 
sample loop recirculating from two sample points at the incoming 
chemical injection station to online analyzer and return to the 
incoming chemical injection station. 

• Water sample loop from two sample points at the outgoing 
chemical injection station to online analyzer and return to the 
incoming chemical injection station. 

• Two chemical analyzers for continuous monitoring and testing for 
free ammonia, total ammonia, total monochloramine and total 
residual chlorine concentration from four different sample points. 

• Hot and cold water supply for emergency shower and eyewash. 
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• Miscellaneous yard piping including chemical lines, potable water 
lines, and storm sewer lines. 

• Security system in accordance with the campus measures to deter, 
detect, delay, and respond to security threats. 

• Other miscellaneous work as shown in the plans and specifications. 

Ground Storage Tanks (Area 05):  

• Two new 15 MG ground storage tanks plus two additional future 15 
MG ground storage tanks.  

• Each tank has a 48-inch influent pipe with a 48-inch buried butterfly 
valve with actuator in a manhole. 

• Each tank has a 72-inch effluent pipe with a 72-inch butterfly valve 
in a closed vault with extended stem accessible by a valve cover. 

• Each tank has a dual 36-inch pipe overflow to a junction box and a 
30-inch drain pipe. The flow from the 30-inch drain pipe and dual 
36-inch overflow pipes will be discharged to a common junction 
box. 

• Security system in accordance with the campus measures to deter, 
detect, delay, and respond to security threats. 

• Other miscellaneous work as shown in the plans and specifications. 

Maintenance Building (Area 06):  

• A new approximately 2,100 SF single story concrete masonry unit 
(CMU) building structure that provides a drive through maintenance 
bay and shop area. This building will have a unisex restroom, a 
sink, and several lockers. A separate storage area will be provided 
to store flammable items. 

• Security system in accordance with the campus measures to deter, 
detect, delay, and respond to security threats. 

• Other miscellaneous work as shown in the plans and specifications. 

1.5 CASH ALLOWANCES 

A. Contractor’s cost for administering services, overhead, profit, and other 
expenses contemplated for all Cash Allowances shall be included in the Contract 
price and not in the Cash Allowance. 

B. Whenever costs are more or less than the stipulated allowance, the Contract 
Price shall be adjusted accordingly via Change Order (see Division 00 General 
Conditions of the Contract and Exhibit 13 – Form of change order). The amount 
of the Change Order shall be the difference between actual costs and the 
amount of the allowance stated in the Bid. 
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C. Allow the stipulated sum of $ 10,000.00 for Harris County Building Permits, to 
be reimbursed on an Actual Cost Basis. 

D. Allow the Stipulated sum of $ 75,000.00 for CenterPoint Energy power service 
to be reimbursed on an Actual Cost Basis. 

E. Allow the Stipulated sum of $ 15,000.00 for CenterPoint Energy switch 
relocation to be reimbursed on an Actual Cost Basis. 

F. Allow the stipulated sum of $ XX for Harris County Bond Premium. 

1.6 WORK BY CONTRACTOR 

A. Completion of the work described in this contract may impact the construction 
and testing of the items listed above. 

1. Coordinate construction activities through the Owner. 

2. Pay claims for damages which result from the late completion of the project 
or any specified milestones. 

1.7 WORK SEQUENCE 

A. Construct the Work in phases and coordinate construction schedule and 
operations with the Engineer. 

1. The Contractor shall submit the work plan which provides details for phasing 
the construction work. 

2. Perform critical locates, photograph the site and provide major project 
submittals. 

3. Field verify dimension and conditions before commencing work.  Report 
discrepancies to the Engineer. 

4. Underground facilities work should be completed in advance of above 
ground facilities.  Order of construction shall be: 

a. Underground utilities and appurtenances, then 

b. Driveways and parking lots and appurtenances, then 

c. Above ground facilities tanks, buildings, fencing, and site appurtenances. 

5. Data for all facilities and utilities shown were taken from available plans 
record drawings and/or utility maps made available from several sources. 
Actual field locations of facilities and utilities may vary from that shown on 
the plans. Contractor shall make a complete and independent verification of 
utility locations prior to submittal of subsequent shop drawings. Unless 
otherwise approved by the Engineer, work shall not continue at locations 
where there is conflict with existing utilities. 

6. Construction disrupting traffic shall be conducted during off-peak hours 9:00 
a.m. to 4:00 p.m. weekdays and/or weekends 7:00 p.m. Friday to 4:00 a.m. 
Monday dependent upon provisions of City of Houston regulations and 
ordinances. If work is not completed, plates shall be placed over 
excavations and normal traffic flow shall be reestablished no later than 4:00 
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p.m. on weekdays and 4:00 a.m. the Monday following weekend work. 
Continue work in area using same construction schedule during following, 
consecutive days and/or weekends until work is completed. 

7. Joint welding within open-cut areas of waterlines to be completed with a 
weld after backfill procedure. The Owner, at the Engineers discretion, may 
independently test and inspect each weld in addition to the weld testing and 
inspection requirements outlined in Section 33 11 13.02 Steel Pipe Fittings 
for large diameter water lines. 

8. Contractor to contact each property owner affected by Contractor’s 
operations a minimum 72 hours prior to construction activity or utility 
outages. This specifically includes water outages of any duration and limited 
access to streets, driveways, or sidewalks. Contractor shall attempt to speak 
with each such resident or business. If having tried and failed, Contractor 
shall place a door hanger to convey the duration of service or other 
interruption. Door hangers shall list both contractor and field superintendent 
telephone numbers. Implement ground water control methods while 
maintaining access to driveways and cross streets.  

9. Prepayment of Materials: Prepayment of materials on hand will be allowed 
for butterfly valves and air valves once materials have been delivered to the 
site. 

10. Water disinfection, and Testing: Work associated with disinfection flushing 
or cleaning of the new water line shall not begin without prior approval from 
the Engineer. To promote economic use of water, disinfection of SWSP 
water line will be performed by the Contractor before hydrostatic testing. In 
accordance with Section 33 05 06 Disinfection of Waterlines the Contractor 
will be required to clean the interior of installed waterlines of dirt and debris 
before beginning disinfectant operations. Bacteriological testing will be 
performed by the Owner during the lag time between filling the water line 
and performance of hydrostatic testing. 

B. Coordination of Work 

1. Coordinate activity schedule and extend full cooperation to other contractors 
who have responsibilities either concurrent with, proceeding, or following 
this Contractors time at work site. Ensure availability of access to selected 
portions of this project area to others and provide appropriate information for 
planning purposes to other contractors. No compensation or time extensions 
will be allowed as result of conflicting construction activities. 

2. Coordinate work with the following construction activities by others: 

a. Contractor(s) performing work for the West Harris County Regional Water 
Authority Surface Water Supply Project (SWSP) Contracts 

- SWSP Segment C Contract at interface between N. Fry road 
and Mountain Forest Drive 

- WHCRWA CIP Contract at interface on N. Fry road. 
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3. Private Utility Companies 

a. Contractor is fully responsible for any damages caused by failure to 
exactly locate and preserve these underground utilities. 

b. CenterPoint Energy Gas: Notify CenterPoint Gas a minimum 48 hours 
prior to any work near CenterPoint gas facilities through Utility 
Coordinating Committee at 1-800-545-6005. Refer to Private Utility notes 
on drawings. 

- When excavating within eighteen (18) inches of CenterPoint 
Energy gas facilities, all excavations must be accomplished 
using non-mechanized procedures. 

- Brace and support CentrePoint Energy Gas facilities when 
working in close proximity as required. Avoid disturbing or 
damaging CentrePoint facilities. No separate pay for this work. 

c. CenterPoint Energy Electric: Notify CenterPoint Electric a minimum 12 
hours prior to any work near CenterPoint electric facilities through Utility 
Coordinating Committee at 1-800-545-6005. Refer to Private Utility 
notes on drawings. 

d. Contact ATT/Texas SBC at 1-800 344-8377 minimum of forty-eight (48) 
hours prior to construction to have main and/or service lines field located. 
Contractor is fully responsible for any damages caused by failure to 
exactly locate and preserve these underground facilities. 

e. Place call or submit ticket to One-Call centers in the state of Texas 
minimum of seventy-two 72 hours prior to construction within twenty-five 
(25) feet of private pipeline Contact numbers for such centers are as 
follows: 

- Texas 811  

1-800-245-4545  

www.texas811.org 

4. Due to overall project complexity and numerous active utility interface 
requirements submit a sequence of construction of water lines for review by 
the Engineer. Contractor shall coordinate construction schedule and 
operations with the Engineer. Proposed sequence of construction to 
address timing of all major construction activities to be undertaken. Refer to 
Specification Section 01 32 16 Construction Schedule for specific details. 

5. Schedule the work with any other contractors of any trade or discipline 
working adjacent to the project site prior to and during construction. 

6. Schedule construction operations with the Engineer, adjacent utility district, 
Harris County, and all private utility companies. 

7. Obtain Harris County Public Infrastructure (HCPID) right-of-way permit prior 
to performing any work within Harris County right-of-way.  Notify Harris 
County Property Management & Public Infrastructure Department in writing 
at least 48 hours prior to construction.  Submit the Preconstruction 
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Notification form, approved plans and applicable permits to Harris County, 
9900 Northwest Freeway, Houston, TX 77092, Attn: Property Management 
Dept., by hand delivery or email scans to james.orlando@hcfcd.hctx.net.  
Contractor must obtain bond covering construction facilities within Harris 
County Right of Way.   

8. Working multiple and separate crews during construction is allowed, as 
approved by the Engineer. 

1.8 CONTRACTOR USE OF PREMISES 

A. Comply with procedures for access to the site and Contractors use of rights-of-
way. 

B. Construction Operations: Limited to site area as shown on drawings. 

C. Trenches left open overnight in public areas and populated areas shall be 
secured as described below. No trenches shall be left open overnight in streets. 
Contractor shall backfill or install steel plates or other approved methods over 
any open trenches to be left overnight. Where practical, open excavations shall 
not be left overnight or for an extended period of time. Unattended open 
excavations or unfinished vaults/manholes will require a minimum protection of 
the following: 

1. Cover designated for a min 25 pounds per square foot distributed load plus 
300-pound point load. 

2. Install removable 6’ chain link fence panels with a minimum 5’ clearance 
around the open or hazardous area. Secure corners and joints with bolted 
connections at the top and bottom. Ensure there are no gaps larger than 4-
inches at the bottom of fencing. 

3. Wrap chain-link fencing with orange safety netting/fencing with a minimum 
of 10-foot overlap from the starting pt. Secure to chain-link fencing so that it 
is not loose or sagging. 

4. Security fencing along the easement is in addition to these requirements. 

5. See section 02 41 13.13 for removing existing pavements and structures 
near roads or traffic area. 

D. Cleaning during construction 

1. Minimize raising dust from construction operations and provide an efficient 
means to prevent air-borne dust from disbursing into the atmosphere. 
Control dust and dirt from all construction operations. 

2. Provide water trucks as necessary or as requested by Engineer to control on 
and off-site dust and dirt related to project construction activities.  

3. Clean the project site as work progresses and routinely dispose of waste 
materials. Do not allow waste materials or debris to blow around or off the 
site. 
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4. Clean pavement adjacent to construction entrances throughout construction 
to meet City of Houston and Harris County requirements. 

E. Temporary Fencing 

1. Temporary fencing shall be installed in private residential yards and areas 
where pedestrians are present for safety and security purposes. Commercial 
and industrial use properties with existing fencing shall remain secure at all 
times. Installation of the temporary fence shall take place prior to remove of 
existing fencing for the property to remain secure. 

2. Maintain barriers on properties with livestock to prevent livestock from falling 
into open excavations, including trenches. Ensure livestock remain secure 
on property at all times. 

F. Use of Easements/Sites 

1. THERE ARE UNIQUE TERMS IN THE EASEMENTS RIGHT OF ENTRY 
AND PIPELINE ENCROACHMENT AND CROSSING DOCUMENTS 
(COLLECTIVELY THE EASEMENT DOCUMENTS) WHICH MAY BE SITE 
SPECIFIC, AND THE CONTRACTOR SHALL FAMILIARIZE ITSELF WITH 
ALL EASEMENT DOCUMENTS, WHICH ARE ATTACHED HERETO AS 
EXHIBITS TO THIS AGREEMENT. THE CONTRACTOR, AT ITS SOLE 
EXPENSE, SHALL BE RESPONSIBLE FOR COMPLYING WITH ALL 
TERMS OF ALL EASEMENT DOCUMENTS FOR THE PROJECT AND 
THE EASEMENT RIGHTS DESCRIBED THEREIN. CONTRACTOR SHALL 
SAFELY, PROPERLY, AND ADEQUATELY ASSUME AND PERFORM ALL 
OF THE DUTIES, INDEMNITIES, RESPONSIBILITIES, AND LIABILITIES 
OF OWNER UNDER THE EASEMENT DOCUMENTS. CONTRACTOR 
SHALL ALSO, AT ITS COST, PROVIDE ALL INSURANCE REQUIRED BY 
THE EASEMENT DOCUMENTS. (GENERALLY, OWNER IS REFERRED 
TO AS “GRANTEE” AND THE LANDOWNER IS REFERRED TO AS 
“GRANTOR” IN THE EASMENT DOCUMENTS). ALL LAND INCLUDED 
WITHIN THE TRACTS COVERED BY THE EASEMENT DOCUMENTS 
AND EASEMENTS DESCRIBED HEREIN SHALL BE RESTORED TO ITS 
ORIGINAL CONDITION PRIOR TO THE COMMENCEMENT OF 
CONSTRUCTION (INCLUDING, WITHOUT LIMITATION, REPAIR OR 
REPLACEMENT OF PAVEMENT, CONCRETE, SIGNS, FENCING, 
TREES, SIDEWALKS, LANDSCAPING, SHRUBBERY, GRASS) UNLESS 
OTHERWISE SPECIFIED IN THE CONTRACT DOCUMENTS. 

2. Any property which does not have a dedicated easement established shall 
be left untouched by the Contractor until such easement documents are 
provided to the Contractor. Acquisition of such documents shall be 
coordinated with the Engineer. 

G. Utility Outages and Shutdown Provide notification to the Engineer and private 
utility companies (when applicable) minimum of seventy-two (72) hours, 
excluding weekends and holidays, in advance of required utility shutdown. 
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Coordinate all work as required. Contractors failure or inability to coordinate such 
utility shutdowns shall not warrant time extensions on Contract. 

H. All work to be done to lines, grades, elevations, and locations shown on 
drawings. 

I. Prevent overstress of any structure and any part or member of it during 
construction. This applies to existing work and structures affected by operations. 
Check effect of operations in this regard and provide temporary supports and 
connections required to assure safety and stability of both new and existing work 
and to prevent overstress of any part. 

J. Storage of materials or equipment only allowed within easement when 
construction activities are taking place within the easement area unless approved 
by Engineer. 

K. Notify the Harris County Engineering Department, Harris County Flood Control 
District, the affected or identified pipeline companies, and the Municipal Utility 
District Operators when construction activities impact the facilities of each entity 
mentioned. 

L. Per Environmental Determination issued by the Texas Water Development 
Board, the project activities shall comply with the following conditions: 

1. As per agreement with the Texas Parks and Wildlife Department (TPWD 
Project No. ERCS-9054), and in order to ensure compliance with the 
Migratory Bird Treaty Act, clearing and construction activities will be avoided 
during the April 1 - July 15 migratory bird nesting season. If it is necessary to 
conduct these activities during this time period, a survey will be conducted 
by a qualified biologist prior to vegetation removal. All construction activities 
as identified above will be excluded from a minimum zone of 100 meters 
around any raptor nest during the period of February 1-July 15. 

2. Standard emergency condition for the discovery of cultural resources; and 

3. Standard emergency condition for the discovery of threatened and 
endangered species.  

M. Contractor shall restore areas disturbed during construction with sod or hydro 
mulch as indicated on Drawings and specifications. 

1. Refer to specifications 32 90 40 Sodding, 32 91 05 Topsoil, and 32 92 13 
Hydro mulch seeding for areas outside of Harris County owned property. 

N. Traffic Control: 

1. Traffic control plan responsive to Texas Manual on Uniform Traffic Control 
Devices (TMUTCD) and sealed by Licensed Professional Engineer 
registered in the State of Texas is incorporated into the Drawings. If traffic 
control will be implemented without modification to plan provided, submit 
letter confirming that decision. If traffic control will be modified from that 
shown, submit traffic control plan in conformance with TMUTCD and sealed 
by Licensed Professional Engineer registered in the State of Texas. 
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2. Traffic control plan provided is based on the assumption that there is no 
conflict with traffic control from separate projects within construction limits. 
Coordinate work to prevent traffic control conflicts or submit revised traffic 
control plans to Engineer for approval. Submitted plans shall be sealed by 
Licensed Professional Engineer registered in the State of Texas and shall 
be prepared in conformance with TMUTCD at no additional cost to the 
Authority. 

1.9 INTERPRETATION OF CONFLICTS 

A. Should conflicts occur in Contract Documents, request interpretation before 
proceeding with Work by submitting a Request for Information (RFI). Such 
requests shall first be preceded by a diligent investigation into Contract 
documents. Provide evidence of such investigation in all requests for 
interpretation. 

1.10 ALTERNATE CONSTRUCTION METHODS 

A. Alternate construction methods will be allowed in accordance with applicable 
details and specifications in Contract Documents at no additional cost to the 
Authority provided the Authority will receive substantial benefit from alternate 
construction method(s). Contractor accepts full responsibility for all additional 
costs of geotechnical investigations and incidental items, including any re-design 
that maybe necessary. Submit the following for review by Engineer prior to 
commencement of any construction activity if such alternate construction 
methods are to be considered; all modifications as listed below must be signed 
and sealed by Licensed Professional Engineer registered in the State of Texas 
prior to submittal to Engineer. 

1. Revisions to horizontal or vertical alignment; 

2. Revisions to access manhole details if applicable; 

3. Revisions to line valve and operator manhole details if applicable; 

4. Revisions to vacuum relief valve vault details if applicable; 

5. Revisions to cathodic protection system if applicable; 

6. Proposed construction method and detailed plan of approach; 

7. Location of access shafts if applicable; 

8. Proposed traffic control plan; and 

9. Revisions to material specifications. 

B. If alignment revisions are incorporated, inform the Authority of any impact the 
revised alignment may have on the hydraulic surge potential of the line segment 
in question and all adjacent line segments, existing, or proposed. Failure of 
agreement between the Contractor and the Authority over proposed alternate 
construction method(s) will require construction to vertical and horizontal 
alignment and details as set forth in the original contract documents. 
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1.11 WARRANTY 

A. Comply with warranty requirements in accordance with the General Conditions. 

1.12 OWNER-SELECTED PRODUCTS 

A. Owner has or will select the Suppliers for the following products: 

Item Description Supplier Appendix 

1 Not Applicable   

B. Execute an agreement with each designated Supplier upon receiving the Notice 
to Proceed. 

C. Include the cost for the purchase, delivery, installation, testing, finishing, and 
startup of the product in the proposed bid price. 

D. Assume responsibilities for Owner selected products as for products selected 
by the Contractor. 

1.13 OWNER-PROVIDED PRODUCTS 

A. Owner has or will purchase and provide to the Contractor for installation the 
following products: 

Item Description Supplier Appendix 

1 Not Applicable   

B. Assume responsibilities for coordination, installation and start-up Owner 
provided products as for products selected by the Contractor. 

C. Provide labor, materials, equipment, tools, consumable supplies, and 
incidentals not specifically required by the contract between the Owner and 
Supplier but required to provide a complete and operable product. 

D. Payment for the product will be made directly by the Owner. 

E. Include all other costs for the product in the proposed bid price. 

1.14 GENERAL CONSTRUCTION NOTES/CONDITIONS.   

A. All excess dirt from excavation shall be disposed of offsite by Contractor at no 
additional cost to the Owner. 

B. All dimensions shown are approximate and shall be field verified by the 
Contractor.  Necessary horizontal and vertical alignment changes are to be 
approved by the Engineer. 

C. Contractor shall remove all trash, excess material, debris, etc., from the site 
upon completion of the project prior to inspection and approval by the approving 
agencies. 

D. Contractor shall verify horizontal and vertical locations of all existing utilities 
prior to commencement of construction activity. 

E. Contractor is responsible for his own horizontal and vertical control.  Reference 
points and construction staking is incidental to the project. 
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F. Contractor shall install all equipment and related accessories to operate in the 
manner intended by the Owner and the manufacturer and be in compliance with 
all application codes and contract specification.  The Contractor will coordinate 
work between the various trades and subcontractors to provide a complete 
installation so that the equipment is operational at the completion of the project.  
The completed work will not lack any part which can be reasonably implied as 
incidental for proper and useful operation of the facility.  This includes all items of 
equipment, labor, and materials, whether or not shown in the contract 
documents, where such items are required to fulfill the intent of the contract, and 
will be in accordance with code requirements, standards, regulatory agencies, 
manufacturer’s recommendations, and acceptable industry practice.  This work 
will be done at no additional cost to the Owner. 

1.15 PROTECTION OF EXISTING STRUCTURES  

A. Contractor is required to protect all equipment, buildings, structures, piping, 
electrical cables, roadways, wet wells, manholes, meter vaults, underground 
utilities, and all associated appurtenances during construction.   

B. Contractor is responsible for all temporary supports and bracing for all structural 
elements including, but not limited to, pumps, piping, walls, and foundations.  All 
proposed temporary bracing and supports must be submitted by the Contractor 
for approval by the Engineer and must be prepared and sealed by a Registered 
Professional Engineer retained by the Contractor.  It is the Contractor’s 
responsibility to ensure the safety and functionality of the piping and associated 
appurtenances in the intermediate conditions of work sequencing and phasing.  
Contractor shall immediately notify the Engineer of any concerns relative to 
structural supports or bracing illustrated or depicted within these construction 
documents, including potential problems of safety or interference with operations. 

1.16 OCCUPANCY 

A. As soon as any portion of the structure and equipment are ready for use, the 
Owner shall have the right to operate the portion upon written notice to the 
Contractor. 

B. Testing of equipment and appurtenances including specified test periods, 
training, and start-up does not constitute acceptance for operation or warranty 
period. 

C. Owner has the option to accept the facility for continued use after start-up and 
testing.  If acceptance is delayed at the option of the Owner, shut down facilities 
per approved Operation and Maintenance procedures.  

D. The execution of bonds is understood to indicate the consent of surety to these 
provisions. 

E. Provide an endorsement from the insurance carrier permitting occupancy of the 
structures and use of equipment during the remaining period of construction. 

F. Conduct operations to insure the least inconvenience to the Owner and general 
public. 
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PART 2 - PRODUCTS 

2.1 TYPE OF PIPE FOR CONSTRUCTION OF WATER LINE 

A. Except where otherwise shown on Drawings. 

B. Pipe shall be the product of one (1) manufacturer that has not less than five (5) 
years successful experience manufacturing pipe of the particular type and size 
indicated with proposed type joint. Pipe manufacturer must have certified quality 
assurance program. Certified program shall be ISO 9001:2000 or other 
equivalent nationally recognized program as approved by Engineer. 

C. Where Carnegie joints are used in thrust restraint areas, weld bell and spigot 
ring onto steel cylinder, inside and outside unless otherwise approved by the 
Engineer. 

D. Manufacturer and subcontractor selection are within Contractors control; 
therefore, extension of Contract time due to delays in delivery of Contractor’s 
choice of pipe material shall not warrant time extensions. 

E. It is Contractors responsibility to ensure length of pipe sections provided and to 
ensure means and methods comply with requirements and limitations set forth in 
Contract Documents. 

F. Drawings for water transmission lines have been prepared on the basis of 
Prestressed Concrete Cylindrical Pipe (PCCP) except where specific pipe 
material is otherwise identified. Certain details pertaining to all types of pipe have 
been included when a specific difference exists Include costs associated with 
changes in installation and construction, tie-ins, valves, vaults, and all other 
appurtenances to accommodate other pipe in unit cost of water line construction. 

G. Provide bends and fittings as required to comply with invert elevations shown in 
profile view of Drawings. Call outs for bends and fittings are not identified on 
Drawings in profile view. 

H. Clearly identify different pipe classes of the same pipe material using colored 
concrete, or similar marking, as approved by Engineer. 

I. When adjoining proposed large diameter water line to existing large diameter 
water line of different pipe material and/or coating provide flanged connection 
with insulating kit. 

J. Provide electrical isolation when adjoining to pipe with different material or 
coating. Coating on welded restrained portions of piping shall be identical to 
coating on the adjoining pipe sections. 

K. Submit pipe design to Engineer for review and approval. 

PART 3 - MATERIALS 

Provide materials and products in accordance with the individual sections of the 
specifications. 
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END OF SECTION 
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SECTION 01 11 20 

JOB CONDITIONS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Project conditions. 

2. Rights-of-Way. 

3. Properties Outside of Rights-of-Way. 

4. Use of Site. 

5. Notification to Adjacent Occupants. 

6. Public, Temporary, and Construction Roads and Ramps. 

7. Excavation in Streets and Driveways. 

8. Surface Restoration. 

9. Limits of Construction. 

10. Geotechnical Investigation Report. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

1.2 PROJECT CONDITIONS 

A. Prior to installation of material, equipment and other work, verify with 
subcontractors, material or equipment manufacturers, and installers that the 
substrate or surface to which those materials attach is acceptable for 
installation of those materials or equipment. (Substrate is defined as building 
surfaces to which materials or equipment is attached to i.e., floors, walls, 
ceilings, etc.). 

B. Correct unacceptable substrate until acceptable for installation of equipment or 
materials. 

1.3 RIGHTS-OF-WAY 

A. Confine access, operations, and storage areas to rights-of-way provided by 
Owner as stipulated in General Conditions; trespassing on abutting lands or 
other lands in the area is not allowed. 
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B. Make arrangements, at no cost to Owner, for temporary use of private 
properties.  Contractor and Contractor’s surety shall indemnify and hold 
harmless the Owner and the Engineer against claims or demands arising from 
use of properties outside rights-of-way.  Submit notarized copy of agreement 
between private property owner and Contractor prior to use of area. Specifier:  
Include the following if facility or process line shut-downs are planned. 

1.4 PROPERTIES OUTSIDE OF RIGHTS-OF-WAY 

A. Do not alter condition of properties adjacent to and along rights-of-way. 

B. Do not use ways, means, methods, techniques, sequences, and procedures 
that result in damage to properties or improvements.  

C. Restore damaged properties outside of rights-of-ways at no cost to Owner. 

1.5 USE OF SITE 

A. Obtain approvals from governing authorities prior to impeding or closing public 
roads and streets.  Do not close more than two consecutive intersections at one 
time. 

B. Notify Resident Project Representative (RPR) at least 48 hours prior to closing 
a street or street crossing.  It is the Contractor’s responsibility to obtain all 
required permits for street closures in advance. 

C. Maintain 10-foot-wide minimum access lane for emergency vehicles including 
access to fire hydrants at all times. 

D. Avoid obstructing drainage ditches or inlets; when obstruction is unavoidable 
due to requirements of Work, provide grading and temporary drainage 
structures to maintain unimpeded flow.  Failure of the Contractor to maintain 
proper site drainage shall prohibit it from making a claim against the Owner for 
monetary or time damages due to drainage impacts. 

E. Locate and protect private lawn sprinkler systems which may exist within site.  
Repair or replace damaged systems to condition existing at start of Work, or 
better.   

F. Perform daily clean up in affected construction areas in order to restore site to 
existing or better conditions.  Areas should be free of debris, scrap material, 
dirt, mud, and other items identified by RPR.  Do not leave buildings, roads, 
streets, and other construction areas unclean.  If deemed necessary by the 
RPR, Contractor shall employ street sweeping/ cleaning equipment to maintain 
area streets.  Such services shall be identified as a separate line item in the 
Contractor’s Schedule of Values (SOV) and payment based upon the 
Engineer’s approval of effectiveness and frequency of provided services. 

G. Restore damaged landscaping to condition existing at start of Work, or better. 

H. Beware of overhead power lines existing in area and in close proximity of 
project.  When 10 feet of clearance between energized overhead power line 
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and construction-related activity cannot be maintained, request to de-energize 
or move conflicting overhead power line(s).  

1.6 NOTIFICATION TO ADJACENT OCCUPANTS 

A. Notify individual occupants in areas to be affected by Work of proposed 
construction and time schedule.  Notify not less than 72 hours or more than 2 
weeks prior to work performed within 200 feet of homes or businesses.  

B. Include in notification names and telephone numbers of two Contractor 
representatives for resident contact available on 24-hour call.  Describe 
precautions that Contractor will take to protect private property and identify 
potential inconveniences and disruptions to resident’s access and utilities. 

C. Submit proposed notification to RPR for approval prior to distribution. Provide 
notice in languages as appropriate (i.e., double sided notice.  Notice side one, 
written in English.  Notice flip side, written in alternate language). 

1.7 PUBLIC, TEMPORARY, AND CONSTRUCTION ROADS AND RAMPS 

A. Construct and maintain temporary detours, ramps, and roads to provide for 
normal public traffic flow when use of public roads or streets is closed by 
necessities of Work.  Contractor shall obtain all required roadway closure or 
detour permits in advance of commencing the proposed temporary detour, 
ramps, and roadway Work. 

B. Provide mats or other means to prevent overloading or damage to existing 
roadways from tracked equipment, large tandem axle trucks or equipment that 
will damage existing roadway surface.  Contractor shall repair or replace 
damaged roadway not scheduled for removal and replacement at no additional 
cost to the Owner.  Repairs or replacement shall be in conformance with the 
roadway owner’s requirements. 

C. Construct and maintain temporary access roads and parking areas.  

1.8 EXCAVATION IN STREETS AND DRIVEWAYS 

A. Avoid hindering or inconveniencing of public travel on streets or intersecting 
alleys for more than two blocks at one time, except by permission of the 
Engineer. 

B. Obtain necessary permits and Engineer’s approval when the nature of Work 
requires closing an entire street.  Obtaining permits required for street closure 
are the Contractor’s responsibility.  Avoid unnecessary inconvenience to 
abutting property owners. 

C. Remove surplus materials and debris and open each 500 lineal foot length for 
public use when work within that length is complete. 

D. Contractor shall provide and install signs indicating entrances to businesses 
whose normal entry is impaired or detoured as a result of construction.  
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Proposed signs shall be submitted to the Engineer for approval prior to 
manufacture and installation.  

E. Final acceptance of any portion of Work is not based on return of street to 
public use. 

F. Avoid obstructing driveways or entrances to private property. 

G. Provide temporary access or complete excavation and backfill in one 
continuous operation to minimize duration of obstruction when excavation is 
required across drives or entrances. 

H. Provide barricades and signs in accordance with Section VI of the State of 
Texas Manual on Uniform Traffic Control Devices. 

1.9 SURFACE RESTORATION 

A. Restore site to condition existing before construction. 

B. Repair paved area per Contract requirements. 

C. Repair damaged turf areas, level with bank run sand and re-sod.  Water and 
level newly sodded areas with adjoining turf using appropriate steel wheel 
rollers for sodding.  Do not use spot sodding or sprigging. 

1.10 LIMITS OF CONSTRUCTION 

A. Confine operations to lands within construction work limits shown on Drawings.  
Unless otherwise noted on Drawings adhere to the following: 

1. Where utility alignment is within esplanade, and construction limits are 
shown on Drawings to extend to edge of esplanade, keep equipment, 
materials, stockpiles, a minimum of 5 feet from back of curb. 

2. Where construction limits are shown on Drawings to extend to property line, 
keep equipment, materials, and stockpiles, a minimum of 5 feet away from 
sidewalks. 

1.11 GEOTECHNICAL INVESTIGATION REPORT 

A. The applicable geotechnical investigation report is attached to the end of this 
specification section. 

B. Design Professional of Record (DPOR) has obtained the information contained 
in the report for design of the project. The report and associated subsurface 
information is included in this specification section for informational use only. 
DPOR and OWNER do not guarantee the accuracy or validity of the 
information, nor do the DPOR, ENGINEER or OWNER assume any 
responsibility for CONTRACTOR interpretation.  The subsurface conditions 
indicated in the geotechnical report(s) are not a warranty of subsurface 
conditions.  Furthermore, the recommendations and statements made in the 
geotechnical report are not Contract requirements, unless specifically re-stated 
as such in subsequent specification divisions and sections. 
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C. The CONTRACTOR shall at own expense conduct additional subsurface 
investigation(s) as needed to complete WORK in an efficient, timely and safe 
manner. 

PART 2 - PRODUCTS (NOT USED)  

PART 3 - EXECUTION (NOT USED) 

END OF SECTION 
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SECTION 01 25 13 

PRODUCT SUBSTITUTIONS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. The procedure for requesting the approval of substitution of a product that 
is not equivalent to a product which is specified by descriptive or 
performance criteria or defined by reference to one or more of the following: 

a. Name of manufacturer. 

b. Name of vendor. 

c. Trade name. 

d. Catalog number. 

2. Substitutions are not "or-equals". 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

C. Request for Substitution - General: 

1. Base all bids on materials, equipment, and procedures specified. 

2. Certain types of equipment and kinds of material are described in 
specifications by means of references to names of manufacturers and 
vendors, trade names, or catalog numbers. 

a. When this method of specifying is used, it is not intended to exclude 
from consideration other products bearing other manufacturer's or 
vendor's names, trade names, or catalog numbers, provided said 
products are "or-equals," as determined by the Engineer. 

3. Other types of equipment and kinds of material may be acceptable 
substitutions under the following conditions: 

a. Or-equals are unavailable due to strike, discontinued production of 
products meeting specified requirements, or other factors beyond 
control of Contractor; or, 

b. Contractor proposes a cost and/or time reduction incentive to the 
Owner. 

1.2 QUALITY ASSURANCE 

A. In making request for substitution or in using an approved product, Contractor                
represents Contractor: 
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1. Has investigated proposed product and has determined that it is adequate 
or superior in all respects to that specified, and that it will perform function 
for which it is intended. 

2. Will provide same guarantee for substitute item as for product specified. 

3. Will coordinate installation of accepted substitution into Work, to include 
building modifications if necessary, making such changes as may be 
required for Work to be complete in all respects. 

4. Waives all claims for additional costs related to substitution which 
subsequently arise. 

1.3 DEFINITIONS 

A. Product:  Manufactured material or equipment. 

1.4 PROCEDURE FOR REQUESTING SUBSTITUTION 

A. Substitution shall be considered only: 

1. After award of Contract. 

2. Under the conditions stated herein. 

B. Written request through Contractor only. 

C. Transmittal Mechanics: 

1. Follow the transmittal mechanics prescribed for Shop Drawings in 
Specification Section 01 33 00. 

a. Product substitution will be treated in a manner similar to "deviations," 
as described in Specification Section 01 33 00. 

b. List the letter describing the deviation and justifications on the 
transmittal form in the space provided under the column with the 
heading DESCRIPTION. 

1) Include in the transmittal letter, either directly or as a clearly marked 
attachment, the items listed in the following paragraph below. 

D. Transmittal Contents: 

1. Product identification: 

a. Manufacturer's name. 

b. Telephone number and representative contact name. 

c. Specification Section or Drawing reference of originally specified 
product, including discrete name or tag number assigned to original 
product in the Contract Documents. 

2. Manufacturer's literature clearly marked to show compliance of proposed 
product with Contract Documents. 

3. Itemized comparison of original and proposed product addressing product 
characteristics including but not necessarily limited to: 
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a. Size. 

b. Composition or materials of construction. 

c. Weight. 

d. Electrical or mechanical requirements. 

4. Product experience: 

a. Location of past projects utilizing product. 

b. Name and telephone number of persons associated with referenced 
projects knowledgeable concerning proposed product. 

c. Available field data and reports associated with proposed product. 

5. Data relating to changes in construction schedule. 

6. Data relating to changes in cost. 

7. Samples: 

a. At request of Resident Project Representative. 

b. Full size if requested by Resident Project Representative . 

c. Held until substantial completion. 

d. Resident Project Representative not responsible for loss or damage to 
samples. 

1.5 APPROVAL OR REJECTION 

A. Written approval or rejection of substitution given by the Engineer. 

B. Engineer reserves the right to require proposed product to comply with color 
and pattern of specified product if necessary to secure design intent. 

C. In the event the substitution is approved, the resulting cost and/or time 
reduction will be documented by Change Order in accordance with the General 
Conditions. 

D. Substitution will be rejected if: 

1. Submittal is not through the Contractor with his stamp of approval. 

2. Request is not made in accordance with this Specification Section. 

3. In the Engineer’s opinion, acceptance will require substantial revision of the 
original design. 

4. In the Engineer’s opinion, substitution will not perform adequately the 
function consistent with the design intent. 

E. Contractor shall reimburse Owner for the cost of Engineer’s evaluation whether 
or not substitution is approved. 
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PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

END OF SECTION 
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SECTION 01 29 02 

MEASUREMENT AND PAYMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes procedures for measurement and payment plus conditions for 
nonconformance assessment and nonpayment for rejected products. 

1.2 AUTHORITY 

A. Measurement methods delineated in Specification sections are intended to 
complement criteria of this section.  In event of conflict, requirements of the 
Specification section shall govern. 

B. Resident Project Representative will take measurements and compute 
quantities accordingly. 

C. Assist by providing necessary equipment, workers, and survey personnel.  

1.3 UNIT QUANTITIES SPECIFIED 

A. Quantity and measurement estimates stated in Agreement are for contract 
purposes only.  Quantities and measurements supplied or placed in Work and 
verified by Resident Project Representative shall determine payment as stated in 
General Conditions. 

B. When actual Work requires greater or lesser quantities than those quantities 
indicated in Bid, provide required quantities at unit prices contracted. 

1.4 MEASUREMENT OF QUANTITIES 

A. Measurement by Weight:  Reinforcing steel, rolled or formed steel or other 
metal shapes are measured by CRSI or AISC Manual of Steel Construction 
weights.  Welded assemblies are measured by CRSI or AISC Manual of Steel 
Construction or scale weights. 

B. Measurement by Volume: 

1. Stockpiles:  Measured by cubic dimension using mean length, width, and 
height or thickness. 

2. Excavation and Embankment Materials:  Measured by cubic dimension 
using average end area method. 

C. Measurement by Area:  Measured by square dimension using mean length and 
width or radius. 

D. Linear Measurement:  Measured by linear dimension, at item centerline or 
mean chord. 

E. Stipulated Price Measurement:  By unit designated in Agreement. 
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F. Other:  Items measured by weight, volume, area, or linear means or 
combination, as appropriate, as completed item or unit of Work. 

G. Measurement by Each: Measured by each instance or item provided. 

H. Measurement by Lump Sum: Measure includes all associated work. 

1.5 MEASUREMENT 

A. Base Bid Items 

1. Mobilization – Bid Item #1 

a. Scope of this bid item includes mobilization of all the equipment and 
facilities onto the site. This also includes acquiring Bonds and Insurance 
pertaining to the contract. 

b. All unit items mentioned under this bid item will be paid on lump sum 
basis. 

2. Horizontal Split Case Pump – Bid Item #2 

a. Scope of this bid item includes furnishing and installing four (4) 
Horizontal Split Case Pumps including all related provisions required for a 
fully functional system (pump, motor and drive) as specified in the 
Contract Documents. 

b. All unit items mentioned under this bid item will be paid by each instance 
or item provided. 

3. Trench Safety System – Bid Item #3 

a. Scope of this bid item includes requirements for trench and excavation 
safety for the entire site as specified in the Contract Documents. 

b. All requirements needed for this bid item will be paid on unit price basis. 

4. Incoming Injection Station Improvements – Bid Item #4 

a. Scope of this bid item includes provision of all materials, labor and 
equipment required for the Incoming Injection Station as specified in the 
Contract Documents. 

b. All requirements needed for this bid item will be paid on lump sum basis. 

5. Ground Storage Tank Improvements – Bid Item #5 

a. Scope of this bid item includes provision of all materials, labor and 
equipment required for Two (2) 15 MG Ground Storage Tank as specified 
in the Contract Documents. 

b. All requirements needed for this bid item will be paid on lump sum basis. 

6. Pump Building Improvements – Bid Item #6 

a. Scope of this bid item includes provision of all material, labor and 
equipment required for the Pump Building, Pump Room, Control Room 
and Electrical Room as specified in the Contract Documents. 

b.  All requirements needed for this bid item will be paid on lump sum basis. 

7. Outgoing Injection Station Improvements – Bid Item #7 
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a. Scope of this bid item includes provision of all materials, labor and 
equipment required for the Outgoing Injection Station as specified in the 
Contract Documents. 

b. All requirements needed for this bid item will be paid on lump sum basis. 

8. Chemical Facility Improvements – Bid Item #8 

a. Scope of this bid item includes provision of all material, labor and 
equipment required for the Chemical Facility as specified in the Contract 
Documents. 

b.  All requirements needed for this bid item will be paid on lump sum basis. 

9. Operations Building Improvements – Bid Item #9 

a. Scope of this bid item includes provision of all material, labor and 
equipment required for the Operations Building as specified in the 
Contract Documents. 

b.  All requirements needed for this bid item will be paid on lump sum basis. 

10. Maintenance Building Improvements – Bid Item #10 

a. Scope of this bid item includes provision of all material, labor and 
equipment required for the Maintenance Building as specified in the 
Contract Documents. 

b.  All requirements needed for this bid item will be paid on lump sum basis. 

11. All other incidental civil, mechanical, structural, architectural, MEP, electrical 
and instrumentation not included in other bid items including Fry Road as 
specified in Contract Documents – Bid Item #11 

a. Scope of this bid item includes provision of all material, labor and 
equipment required for all incidental items as specified in the Contract 
Documents.  

b. All unit items mentioned under this bid item will be paid on lump sum 
basis. 

12. Demobilization – Bid Item #12 

a. Scope of this bid item includes but not limited to decommissioning and 
removal of materials, labour and equipment, and cleanup of site. 

b. All unit items mentioned under this bid item will be paid on lump sum 
basis. 

B. Harris County Work Bid Items 

1. Harris County Right of Way bid items 

a. Scope of this bid item includes provision of all materials, labor and 
equipment required for the Harris County Right of Way bid items as 
specified in the Contract Documents. 

b. All requirements needed for this bid item will be paid on a lump sum 
basis or as unit price as indicated in the bid form. 

C. Cash Allowance Items 
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1. CenterPoint Energy Service – Switch relocation 

a. Scope of this cash allowance item includes a Stipulated sum of $ 
15,000.00 for CenterPoint Energy switch relocation. 

b. All unit items mentioned under this bid item will be paid by on an actual 
cost basis.  

2. CenterPoint Energy Service – Power service 

a. Scope of this cash allowance item includes a Stipulated sum of $ 
75,000.00 for CenterPoint Energy power service. 

b. All unit items mentioned under this bid item will be paid by on an actual 
cost basis.  

3. Harris County Building Permit 

a. Scope of this cash allowance item includes a Stipulated sum of $ 
_____.00 for Harris County building permit. 

b. All unit items mentioned under this bid item will be paid by on an actual 
cost basis.  

4. Harris County Fire Code Inspection Fees 

a. Scope of this cash allowance item includes a Stipulated sum of $ 
_____.00 for Harris County Fire Code Inspection. 

b. All unit items mentioned under this bid item will be paid by on an actual 
cost basis.  

5. Harris County Bond premium 

a. Scope of this cash allowance item shall be estimated at 3% of 75% on 
the total of unit price items in Bid Table B for Harris County bond 
premium. 

b. All unit items mentioned under this bid item will be paid by on an actual 
cost basis.  

6. Furniture and Fixtures 

a. Scope of this bid item includes provision of all material, labor and 
equipment required for all Furniture and fixture items listed and specified 
in the Contract Documents & Appendices.  

b. All unit items mentioned under this bid item will be paid by on an actual 
cost basis.  

7. Contractor’s cost for administering services, overhead, profit, and other 
expenses for all Cash Allowances shall be included in the Contract price and 
not in the Cash Allowance. 

D. Additional Optional Items 

1. Additional Remobilization and Demobilization cost for commissioning and 
testing 
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a. Scope of this optional bid item includes but not limited to remobilization/ 
demobilization of all required materials, labour and equipment to and from 
site for commissioning and testing. 

b. All unit items mentioned under this bid item will be paid on lump sum 
basis. 

2. Standby daily rate before commissioning and testing 

a. Scope of this optional bid item includes but not limited to all required 
materials, labour, equipment, maintenance of facilities and site security 
associated with Contractor standby valid for the period after 
demobilization from site and before commissioning and testing. 

b. All unit items mentioned under this bid item will be paid by each instance 
or item provided.  

3. Standby daily rate during commissioning and testing 

a. Scope of this optional bid item includes but not limited to all required 
materials, labour, equipment, maintenance of facilities and site security 
associated with Contractor standby valid for the period after 
remobilization to site for commissioning and testing and before 
substantial completion. 

b. All unit items mentioned under this bid item will be paid by each instance 
or item provided.  

4. Water for testing and commissioning 

a. Scope of this optional bid item includes Contractor supply of water for 
commissioning and testing at the site. 

b. All unit items mentioned under this bid item will be paid by each instance 
or item provided.  

E. Alternate Bid Price Table 

1. 84-inch Dished Head Plug @ Tie-in point 

a. Scope of this alternate bid item includes but not limited to provision of all 
material, labour and equipment required for the installation of 84-inch 
Dished Head Plug at the tie-in points as specified in the Contract 
Documents. 

b. All unit items mentioned under this bid item will be paid by each instance 
or item provided.  

2. Connection to existing 84-inch Water line @ Tie-in point 

a. Scope of this alternate bid item includes but not limited to provision of all 
material, labour and equipment required for connection to existing 84-inch 
lines at the tie-in points as specified in the Contract Documents. 

b. All unit items mentioned under this bid item will be paid by each instance 
or item provided.  
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1.6 PAYMENT 

A. Payment Includes:  Full compensation for required supervision, labor, products, 
tools, equipment, plant, transportation, services, and incidentals; and erection, 
application or installation of an item of Work; and Contractor’s overhead and 
profit. 

B. Total compensation for required Unit Price Work shall be included in Unit Price 
bid in Bid.  Claims for payment as Unit Price Work, but not specifically covered in 
list of unit prices contained in Bid, will not be accepted. 

C. Interim payments for stored materials will be made only for materials to be 
incorporated under items covered in unit prices, unless disallowed in 
Supplementary Conditions. 

D. Progress payments will be based on Project Representative’s observations and 
evaluations of quantities incorporated in Work multiplied by unit price. 

E. Final payment for Work governed by unit prices will be made on basis of actual 
measurements and quantities determined by Project Representative multiplied by 
unit price for Work which is incorporated in or made necessary by the Work. 

1.7 NONCONFORMANCE ASSESSMENT 

A. Remove and replace Work, or portions of Work, not conforming to Contract 
Documents. 

B. When not practical to remove and replace Work, the Owner will direct one of 
the following remedies: 

1. Nonconforming Work will remain as is, but Unit Price will be adjusted lower 
at discretion of the Owner. 

2. Nonconforming Work will be modified as authorized by the Owner, and Unit 
Price will be adjusted lower at discretion of the Owner, when modified Work 
is deemed less suitable than specified. 

C. Specification sections may modify above remedies or may identify a specific 
formula or percentage price reduction. 

D. Authority of the Owner to assess nonconforming work and identify payment 
adjustment is final. 

1.8 NONPAYMENT FOR REJECTED PRODUCTS 

A. Payment will not be made for the following: 

1. Products wasted or disposed of in unacceptable manner. 

2. Products determined as nonconforming before or after placement. 

3. Products not completely unloaded from transporting vehicle. 

4. Products placed beyond lines and levels of required Work. 

5. Products remaining on hand after completion of Work, unless specified 
otherwise. 
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6. Loading, hauling, and disposing of rejected products. 

END OF SECTION 
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SECTION 01 29 73 

SCHEDULE OF VALUES 

PART 1 - GENERAL 

1.1 SUMMARY 

Section includes preparation and submittal of Schedule of Values for stipulated 
price contracts or for major lump sum items on unit price contracts for progress 
payments. 

1.2 MEASUREMENT AND PAYMENT 

No separate payment will be made for this item.  Include cost of preparing 
Schedule of Values in overhead cost for this project. 

1.3 DEFINITION 

A. Schedule of Values is itemized list that establishes value of each part of Work 
for stipulated price contract and for major lump sum items in unit price contract.  
Schedule of Values is used as basis for preparing applications for payments.  
Quantities and unit prices may be included in schedule when designated by the 
Owner. 

B. Major lump sum item is a lump sum item in Schedule of Unit Price Work which 
qualifies as Major Unit Price Work as defined in General Conditions.  Break 
down costs to list major products or operations for each line item which has an 
installed value of more than $2000. 

1.4 PREPARATION 

A. For stipulated price contracts, subdivide Schedule of Values into logical portions 
of Work, such as major work items or work in contiguous geographic areas.  
Use Section 01 32 16 - Construction Schedule to guide subdivision of work 
items.  Items in Schedule of Values will correlate directly with tasks enumerated 
in Construction Schedule.  Organize each portion using Table of Contents of 
Project Manual as an outline for listing value of Work by Sections.  A pro rata 
share of mobilization, bonds, and insurance may be listed as separate items for 
each portion of Work. 

B. For unit price contracts, items should include proportional share of Contractor’s 
overhead and profit so that total of all items will equal Contract Price. 

C. For lump sum equipment items where submittal of operation/maintenance data 
and testing are required, include separate item for equipment operation and 
maintenance data submittal valued at 5 percent of lump sum amount for each 
equipment item and separate item for testing and adjusting valued at 5 percent 
of lump sum amount for each equipment item. 

D. Round off figures for each listed item to nearest $100 except for value of one 
item, when necessary, to make total of items in Schedule of Values equal 
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Contract Price for stipulated price contracts or lump sum amount in Schedule of 
Unit Price Work. 

E. Submit Schedule of Values in approved electronic spreadsheet file and print on 
8½-inch by 11-inch white bond paper. 

1.5 SUBMITTAL 

A. Submit Schedule of Values in accordance with requirements of Section 01 33 
00 - Submittal Procedures.  Submit at least 10 days prior to submitting first 
application for progress payment. 

B. Revise Schedule of Values and resubmit for items affected by contract 
modifications, Change Orders, and Work Change Directives.  After changes are 
reviewed without exception by the Resident Project Representative, make 
submittal at least 10 days prior to submitting next application for progress 
payment. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

END OF SECTION 
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SECTION 01 30 00 

SPECIAL CONDITIONS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Administrative and procedural requirements for: 

a. Measurement and Payment 

b. Related Requirements 

c. Storage Sheds and Buildings 

d. Safety Requirements 

e. First Aid Equipment 

f. Fire Protection 

g. Security Measures 

h. Protection of Utilities and Pipelines 

i. Protection of Work and Property 

j. Roads and Parking 

k. Resident Project Engineer's Field Office. 

l. Drawings and Contract Documents for Contractor use. 

m. Project Photographs. 

n. Project Meetings. 

o. Special Considerations related to Adjacent Properties and Facilities. 

p. Historical and Archaeological Finds. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price. No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 RELATED REQUIREMENTS 

A. Contractor’s Responsibility 
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1. Comply with applicable requirements specified in other sections of 
Specifications. 

2. Locate all temporary facilities in an area that will not interfere with any Work 
to be performed under this contract. 

3. Construct and install signs at locations as required by applicable regulatory 
agencies or as selected by the Resident Project Representative. Install 
informational signs at the height of optimum visibility, on ground-mounted 
poles or attached to temporary structural surfaces. 

4. Maintain and operate temporary facilities and systems to assure continuous 
service. 

5. Modify and extend systems as Work progress requires. 

6. Completely remove temporary materials and equipment when no longer 
required. 

B. Temporary Utilities 

1. Obtaining Temporary Service: 

a. Make arrangements with utility service companies for temporary 
services. 

b. Abide by rules and regulations of utility service companies or authorities 
having jurisdiction. 

c. Be responsible for utility service costs until Work is substantially 
complete.  Included are fuel, power, light, heat, and other utility services 
necessary for execution, completion, testing, and initial operation of 
Work. 

2.  Water: 

a. Contractor to provide water required for and in connection with Work to 
be performed and for specified tests of piping, equipment, devices, or 
for other use as required for proper completion of Work. 

b. Provide and maintain adequate supply of potable water for domestic 
consumption by Contractor personnel and Resident Project 
Representative or Construction Manager at Risk (CMAR).  

3. Electricity and Lighting: 

a. Provide electric powered service required for Work, including testing of 
Work.  Provide power for lighting, operation of equipment, or other use.  

b. Electric power service includes temporary power service or generator to 
maintain plant operations during scheduled shutdown. 

c. Minimum lighting level shall be 10-foot candles for open areas; 20-foot 
candles for stairs and shops.  Provide minimum of one 300-watt lamp 
for each 200 square feet in work area. 

4. Temporary Heat and Ventilation: 
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a. DESIGN CRITERIA 

Furnish a total electrical heating and cooling system for the Resident 
Project Representative’s field office capable of maintaining the following 
minimum design criteria: 

1) Heating:  Minimum 75 degrees ID temp @ 10 ambient. 

2) Cooling:  Minimum 75 degrees ID temp @ 105 ambient. 

3) Relative humidity:  48 to 54% 

b. TESTING 

Inspect and test each service before placing temporary utilities in use.  
Arrange for all required inspections and tests by regulatory agencies 
and obtain required certifications and permits for use. 

c. Provide ventilation to assure safe working conditions. 

5. Telephone: 

a. Provide emergency telephone service at Project Site for use by 
Contractor personnel and others performing work or furnishing services 
at site. 

b. Provide “call waiting” and “call forwarding” options.  Provide one 
telephone answering machine with beeperless remote message 
retrieval capability. 

6. Sanitary Facilities: 

a. Provide and maintain sanitary facilities for persons on job site from the 
Notice to Proceed until project conclusion. Maintain these facilities in a 
clean and sanitary condition at all times, and comply with the 
requirements of the local health authority.  

b. Locate toilets near Work site and secluded from view insofar as 
possible.  On large sites, provide portable toilets at such locations that 
no point in the work-site shall be more than 600' from a toilet. 

c. Enforce use of sanitary facilities by construction personnel at job site.  
Enclose sanitary facilities.  Pit-type toilets will not be permitted.  No 
discharge will be allowed from these facilities.  Collect and store 
sewage and waste so as not to cause nuisance or health problem.  
Haul sewage and waste off-site and properly dispose in accordance 
with applicable regulation. 

C. TEMPORARY OFFICES 

1. Furnish and continuously maintain two trailers throughout the project 
duration with one of the field offices exclusive for the Resident Project 
Representative use in accordance with the requirements in section 01 50 
00. 

2. Other trades may provide their own offices only when space is available on 
the site, and both the RPR and the Contractor agree. 

D. TEMPORARY STORAGE BUILDINGS 
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1. Furnish storage buildings of adequate size to store any materials or 
equipment delivered to the site that might be affected by weather.  

1.4 STORAGE SHEDS AND BUILDINGS 

A. Provide adequately ventilated, watertight storage facilities with floor above 
ground level for materials and equipment susceptible to weather damage. 

B. Storage of materials not susceptible to weather damage may be on blocks off 
ground. 

C. Store materials in neat and orderly manner.  Place materials and equipment to 
permit easy access for identification, inspection, and inventory. 

D. Fill and grade site for temporary structures to provide drainage away from 
temporary and existing buildings. 

1.5 SAFETY REQUIREMENTS 

A. At preconstruction conference submit and follow safety program in accordance 
with Document 01 30 00 - Special Conditions.  Include documented response to 
trench safety requirements as specified in Section 31 21 33 – Trenching, 
Backfilling, and Compacting For Utilities. 

B. Conduct operations in strict accord with applicable Federal, State, and local 
safety codes and statutes and with good construction practice.  Establish and 
maintain procedures for safety of all work, personnel, and equipment involved in 
Project. 

C. Observe and comply with Texas Occupational Safety Act (Art. 5182a, V.C.S.) 
and with all safety and health standards promulgated by Secretary of Labor 
under Section 107 of Contract Work Hours and Standards Act, published in 29 
CFR Part 1926 and adopted by Secretary of Labor as occupational safety and 
health standards under Williams-Steiger Occupational Safety and Health Act of 
1970, and to other legislation enacted for safety and health of Contractor 
employees.  Safety and health standards apply to subcontractors and their 
employees as well as to Contractor and its employees. 

D. Observance of and compliance with regulations is solely and without 
qualification responsibility of Contractor without reliance or superintendence of or 
direction by the Engineer or Resident Project Representative.  Immediately 
advise Resident Project Representative of investigation or inspection by Federal 
Safety and Health Inspectors of Contractor or subcontractor’s work or place of 
work on job site under this Contract, and after investigation or inspection, advise 
Resident Project Representative of results.  Submit one copy of accident reports 
to Owner’s representative within 10 days of occurrence. 

E. Protect areas occupied by workmen using best available devices for detection 
of lethal and combustible gases.  Test devices frequently to assure functional 
capability.  Constantly observe infiltration of liquids into Work area for visual or 
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odor evidences of contamination, immediately take appropriate steps to seal off 
entry of contaminated liquids to Work area. 

F. Implement safety measures, including but not limited to safety personnel, first-
aid equipment, ventilating equipment and other safety equipment, as specified or 
detailed on Drawings. 

G. Maintain required coordination with Police and Fire Departments during entire 
period covered by Contract. 

H. In safety plan include project safety analysis.  Itemize major tasks and 
potential safety hazards.  Plan to eliminate hazards or protect workers and 
public from each hazard. 

1.6 FIRST AID EQUIPMENT 

A. Provide first aid kit throughout construction period.  List telephone numbers for 
physicians, hospitals, and ambulance services in each first aid kit. 

B. Have at least one person thoroughly trained in first aid and CPR procedures 
present on site whenever Work is in progress.  Contractor to conform to protocols 
and requirements for training and protection against “blood borne pathogens.” 

1.7 FIRE PROTECTION 

A. Conform to specified fire protection and prevention requirements established by 
Federal, State, or local governmental agencies and as provided in Safety 
Program. 

1.8 SECURITY MEASURES 

A. Protect all Work materials, equipment, and property from loss, theft, damage, 
and vandalism.  Perform duty to protect property of the Owner used in 
connection with performance of Contract. 

B. If existing fencing or barriers are breached or removed for purposes of 
construction, provide and maintain temporary security fencing equal to existing. 

1.9 PROTECTION OF UTILITIES AND PIPELINES 

A. Prevent damage to existing utilities during construction.  Utilities shown on 
Drawings are at approximate locations.  Pre-locate, by whatever means may be 
required (metal detection equipment, probes, excavation, survey), underground 
utilities before excavating.  Perform investigative work and repairs required after 
investigation.  Contractor is responsible for damages caused by failure to locate 
and preserve these underground utilities.  Give owners of utilities at least 5 days 
notice before commencing Work in area, for locating utilities during construction, 
and for making adjustments or relocation of utilities when they conflict with 
proposed Work.  Include cost for temporary relocation of utilities necessary to 
accommodate construction in unit cost for utility construction unless otherwise 
noted on Drawings.  Bypassing of sanitary waste to storm drainage facilities is 
not allowed.  Utility service lines are not shown on Drawings.  Anticipate service 
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lines exist and repair them when damaged due to construction activity.  No 
separate payment will be made for repair work.  Include payment in unit price for 
work in appropriate sections. 

B. Utilize Utility Coordinating Committee One Call System, telephone number, 
(713) 223-4567, which must be called 48 hours in advance.  Toll free telephone 
number is 1-800-669-8344, Texas One Call System. 

C. Prior to abandonment of utility, make arrangements with Owner’s representative 
and utility owner to terminate service, remove meters, transformers, and poles as 
required. 

D. When excavating near pipelines and prior to start of excavation, request 
representative of pipeline company to come to construction site(s) to meet 
representatives of Contractor and Resident Project Representative to discuss 
actual procedures that will be used.  Request pipeline company’s representative 
to probe and locate pipelines in at least three locations:  one at each side of 
proposed excavation and one at centerline of proposed utility.  Representative of 
pipeline company and Resident Project Representative must be present to 
observe activities of Contractor at all times when excavation is being conducted 
within 15 feet of pipeline. 

1.10 PROTECTION OF WORK AND PROPERTY 

A. Preventive Actions: 

1. Take precautions, provide programs, and take actions necessary to protect 
Work, public and private property from damage. 

2. Take action to prevent damage, injury or loss, including, but not limited to, 
the following: 

a. Store apparatus, materials, supplies, and equipment in orderly, safe 
manner that will not interfere with progress of Work or Work of others. 

b. Provide suitable storage for materials subject to damage by exposure to 
weather, theft, breakage, or otherwise. 

c. Place upon Work or any part thereof only safe loads. 

d. Frequently clean up refuse, rubbish, scrap materials, and debris caused 
by construction operations, keeping Project site safe and orderly. 

e. Provide safe barricades and guard rails to protect pedestrian and 
vehicular traffic around openings, scaffolding, temporary stairs and 
ramps, excavations, elevated walkways, and other hazardous areas. 

3. Obtain written consent from proper parties before entering or occupying 
privately-owned land except on easements provided for construction. 

4. Assume full responsibility for preservation of public and private property on 
or adjacent to site.  When direct or indirect damage is done by or on account 
of any act, omission, neglect, or misconduct in execution of Work by 
Contractor, restore to condition equal to or better than that existing before 
damage was done. 
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B. Barricades and Warning Signals:   

1. Where Work is performed on or adjacent to any roadway, right-of-way, or 
public place, furnish and erect barricades, fences, lights, warning signs, and 
danger signals; and take other precautionary measures for protection of 
persons or property and of the Work.   

2. Paint barricades to be visible at night.  From sunset to sunrise, furnish and 
maintain at least one light at each barricade.   

3. Erect sufficient barricades to keep vehicles and pedestrians from being 
driven on or into Work under construction.   

4. Maintain barricades, signs, lights, and provide watchmen until Project is 
accepted by the Owner.   

5. Whenever Work creates encroachment on public roadways, station flagmen 
to manage traffic flow in accordance with approved traffic control plan. 

C. Protection of Existing Structures: 

1. Underground Structures: 

a. Underground structures are defined to include, but not be limited to, 
sewer, water, gas, and other piping, manholes, chambers, electrical 
signal and communication conduits, tunnels, and other existing 
subsurface installations located within or adjacent to limits of Work. 

b. Known underground structures including water, sewer, electric, and 
telecommunication service connections are shown on Drawings.  This 
information is not guaranteed to be correct or complete. 

c. Explore ahead of trenching and excavation work and sufficiently 
uncover obstructing underground structures to determine their location, 
to prevent damage to them and to prevent interruption of utility services.  
Restore damage to underground structure to original condition at no 
additional cost. 

d. Necessary changes in location of Work may be made by the Owner to 
avoid unanticipated underground structures. 

e. If permanent relocation of underground structure or other subsurface 
installations is required and not otherwise provided in Contract, the 
Engineer will direct Contractor in writing to perform Work, which is paid 
for under provisions for changes as described in Section 01 30 00 - 
Special Conditions. 

2. Surface Structures:  Surface structures are defined as existing buildings, 
structures and other constructed installations above ground surface.  
Included with structures are their foundations or extension below the 
surface.  Surface structures include, but are not limited to buildings, tanks, 
walls, bridges, roads, dams, channels, open drainage, piping, poles, wires, 
posts, signs, markers, curbs, walks, guard cables, fencing, and other 
facilities visible above ground surface. 
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3. Protection of Underground and Surface Structures: 

a. Support in place and protect from direct or indirect injury underground 
and surface structures located within or adjacent to limits of Work.  
Install supports carefully and as required by party owning or controlling 
structure.  Before installing structure supports, satisfy Resident Project 
Representative that methods and procedures have been approved by 
owner of structure. 

b. Avoid moving or changing property of public utilities or private 
corporations without prior written consent of responsible official of that 
service or public utility.  Representatives of these utilities reserve the 
right to enter within limits of this Project for purpose of maintaining their 
properties, or of making changes or repairs to their property that may 
be considered necessary by performance of this Contract. 

c. Notify owners and/or operators of utilities and pipelines of the nature of 
construction operations and dates when operations will be performed.  
When construction operations are required in immediate vicinity of 
existing structures, pipelines, or utilities, give minimum of 5 working 
days advance notice.  Probe and flag location of underground utilities 
prior to commencement of excavation.  Keep flags in place until 
construction operation reaches and uncovers utility. 

d. Assume risks attending presence or proximity of underground and 
surface structures within or adjacent to Work including but not limited to 
damage and expense for direct or indirect injury caused by his work to 
structure.  Immediately repair damage. 

e. Employ structural engineer to ensure safety and integrity of structures 
and facilities.  

D. Protection of Installed Products: 

1. Provide protection of installed products to prevent damage from subsequent 
operations.  Remove protection facilities when no longer needed, prior to 
completion of Work. 

2. Control traffic to prevent damage to equipment, materials, and surfaces. 

3. Provide coverings to protect equipment and materials from damage.  Cover 
projections, wall corners, jambs, sills, and exposed sides of openings in 
areas used for traffic and passage of materials in subsequent work. 

1.11 ROADS AND PARKING 

A. Prevent interference with traffic on existing roads. 

B. Designate temporary parking areas to accommodate construction and 
management personnel.  When site space is not adequate, provide additional off-
site parking.  Locate as approved by Resident Project Representative. 

C. Minimize use by construction traffic of existing streets and driveways. 
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D. Do not allow heavy vehicles or construction equipment in existing parking 
areas. 

1.12 DRAWINGS AND CONTRACT DOCUMENTS FOR CONTRACTOR USE 

A. Refer to General Conditions. 

B. Contractor shall pick up all "no-charge" documents within 10 days from date of 
Notice to Proceed. 

C. Additional documents after "no-charge" documents will be furnished to 
Contractor at cost. 

1.13 PROJECT PHOTOGRAPHS 

A. Definitions: 

1. Digital Photography:  Photographs taken with a digital camera with 
minimum pixel size 3904 x 2598 (10.1 MegaPixels). 

2. Digital Video Recordings (Videos):  Digital videos taken with a digital video 
recorder to produce high definition videos (HD) with minimum pixel size 
1280 x 1080p and aspect ratio of 16 x 9. 

3. Pre-construction Photographs and Videos:  Digital photographs and videos 
taken in sufficient numbers and detail, prior to the date of the Notice To 
Proceed, to document original construction site conditions. 

4. Progress Photographs and Videos:  Digital photographs and videos taken 
throughout the duration of construction at regular intervals and from fixed 
vantage points that document progress of the Work. 

5. Finished Photographs and Videos:  Digital photographs and videos taken in 
sufficient numbers and detail, after the date of Substantial Completion and 
before submittal of the final Application for Payment, to document 
construction improvements and condition of the site. 

B. submittals 

1. Refer to Section 01 33 00, Submittal Procedures, for submittal requirements. 

2. Resolution, Format and Media. 

a. Submit color photographs and videos, unless otherwise specified. 

b. Digital Photography:  Minimum 3904 x 2598 pixels (10.1 Megapixel) 
density or greater, 16 x 9 aspect ratio. 

c. Digital Videos:  HD (high definition, minimum 1080p. 

d. Submit digital photographs and videos in digital format as follows: 

1) Photographs:  Format in JPEG (Joint Photographic Experts Group). 

2) Videos: Format in MP4. 

e. Media.  Submit digital photographs and videos by one of the following 
media methods: 
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1) USB flash drive. 

2) Upload files to construction management software used by RPR.  
Coordinate with RPR for software access and folder location for 
uploading files.  

3. Submittal Quantities and Frequencies. 

a. Pre-construction Photographs and Videos: 

1) Submit prior to starting construction activities (before mobilization of 
equipment, supplies or materials). 

b. Progress Photograph and Videos: 

1) Submit with each Application for Payment at the times established 
for submittal of Applications for Payment.  Monthly Applications for 
Payment shall be deemed incomplete if not accompanied by the 
required Progress Photographs and Videos. Contractor’s failure or 
election to not submit a monthly Application for Payment shall not 
affect the requirement for monthly Progress Photographs and 
Videos. 

c. Finished Photographs and Videos: 

1) Submit after Date of Substantial Completion and prior to final 
Application for Payment. 

4. File Naming.  Photograph and video files shall be named for identification 
using the following filename format: 

[Year Month Day]_[ProjectName]_[Site Location or Approximate 
Station]_[Description/Photo Direction (N/S/E/W)].jpeg(MP4) 

Ex.  20200311_SegA_Sta300_LookingNorth.jpeg 

The above example is for a photograph taken on March 11, 2020 in 
Segment A looking north at approximate project Station 331. 

a. Provide a listing of abbreviations used for the filename components 
[Site Location] and [Description].  Use abbreviations similar to above 
example.  

C. QUALITY ASSURANCE 

1. Contractor shall be responsible for the quality of and timely execution and 
submittal of photographs and videos. 

2. Engineer shall review submittals to verify quality of photographs and videos.  
If Engineer determines quality of photographs and videos do not comply with 
the minimum requirements of this specification section, Contractor shall re-
take photographs and videos to comply with the specification requirements 
and resubmit to the Engineer at no additional cost to the Owner. 

1.14 PROJECT MEETINGS    

A. Contractor Coordination: 
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1. Coordinate scheduling, submittals, and Work of various Specification 
sections to assure efficient and orderly sequence of installation of 
interdependent construction elements. 

2. Coordinate completion and clean up of Work for Substantial Completion and 
for portions of Work designated for Owner’s partial occupancy. 

3. Coordinate access to site for correction of nonconforming Work to minimize 
disruption of Owner’s activities where Owner is in partial occupancy. 

B. Preconstruction Conference: 

1. The Resident Project Representative will schedule the Preconstruction 
Conference. 

2. Attendance Required:  Owner, Resident Project Representative(s), 
Engineer, Contractor, and major Subcontractors and other Consultants as 
required by the Engineer. 

3. Agenda: 

a. Distribution of Contract Documents. 

b. Designation of personnel representing parties in Contract, and Design 
Consultant. 

c. Review of insurance. 

d. Discussion of formats for Schedule of Values and Scheduling of Work. 

e. Procedures and processing of shop drawings, substitutions, pay 
estimates or applications for payment, Requests for Information, 
Request for Proposal, Change Orders, and Contract closeout, other 
submittals. 

f. Scheduling of Work and coordination with other contractors. 

g. Review of Subcontractors. 

h. Appropriate agenda items listed for Site Mobilization Conference, 
Paragraph 1.6C, when preconstruction conference and site mobilization 
conference are combined. 

i. Procedures for testing. 

j. Procedures for maintaining record documents. 

C. Site Mobilization Conference 

1. When required by Contract Documents, the Engineer or Resident Project 
Representative will schedule a mobilization conference at the Project site 
prior to Contractor occupancy. 

2. Attendance Required: Resident Project Representative(s), Engineer, 
Contractor’s Superintendent, and major Subcontractors. 

3. Agenda: 

a. Use of premises by Owner and Contractor. 

b. Safety and first aid procedures. 
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c. Construction controls as provided by the Resident Project 
Representative(s). 

d. Temporary utilities. 

e. Survey and layout. 

f. Security and housekeeping procedures. 

g. Field office requirements. 

D. Progress Meetings 

1. Hold project meetings at Project field office or other location as designated 
by the Resident Project Representative.  Hold meetings at monthly intervals, 
or more frequently when directed by the Resident Project Representative. 

2. Attendance Required:  Job superintendent, major Subcontractors and 
suppliers, Resident Project Representative, and Engineer as appropriate to 
address agenda topics. 

3. Resident Project Representative will make arrangements for meetings. 

4. Resident Project Representative will prepare the meeting agenda and 
preside at the meetings. 

5. Resident Project Representative will prepare and distribute the meeting 
summary. 

6. Provide required information and be prepared to discuss each agenda item. 

7. Agenda: 

a. Review minutes of previous meetings. 

b. Review of Work progress schedule, pay estimates, cash flow curve, 
payroll, and compliance submittals. 

c. Field observations, problems, and decisions. 

d. Identification of problems which impede planned progress. 

e. Review of submittal schedule and status of submittals. 

f. Review of RFI and RFP status. 

g. Change Order status. 

h. Review of off-site fabrication and delivery schedules. 

i. Maintenance of progress schedule. 

j. Corrective measures to regain projected schedule. 

k. Planned progress during succeeding Work period. 

l. Coordination of projected progress. 

m. Maintenance of quality and Work standards. 

n. Effect of proposed changes on progress schedule and coordination. 

o. Other item relating to Work. 

1.15 SPECIAL CONSIDERATIONS RELATED TO ADJACENT PROPERTIES AND 
FACILITIES 
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A. Contractor shall be responsible for negotiations of any waivers or alternate 
arrangements required to enable transportation of materials to the site. 

B. Maintain conditions of access road to site such that access is not hindered as 
the result of construction related deterioration. 

1. Provide daily sweeping of hard-surface roadways to remove soils tracked 
onto roadway. 

1.16 HISTORICAL AND ARCHAEOLOGICAL FINDS 

A. If during the course of construction, evidence of deposits of historical or 
archeological interest is found, the Contractor shall cease operations affecting 
the find and shall notify Engineer. 

1. No further disturbance of the deposits shall ensue until the Contractor has 
been notified by Engineer that Contractor may proceed. 

2. Engineer will issue a notice to proceed after appropriate authorities have 
surveyed the find and made a determination to Engineer. 

3. Compensation to the Contractor, if any, for lost time or changes in 
construction resulting from the find, shall be determined in accordance with 
changed or extra work provisions of the Contract Documents. 

4. The site has been previously investigated and has no known history of 
historical or archaeological finds. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 MAINTENANCE 

A. Provide maintenance of all-weather, surface driveway and parking areas, 
buildings and furnishings and equipment or materials furnished and supplied as 
part of temporary field office for duration of Contract. 

B. Provide janitorial services for temporary field office for duration of Contract.  
Janitorial services consist of twice weekly sweeping and mopping floors and 
trash removal, weekly cleaning of restrooms, and weekly dusting of furniture and 
equipment. 

C. Provide soap, paper towels, toilet paper, cleansers, and other necessary 
consumables to properly maintain temporary field office. 

D. At this office, maintain complete field file of Shop Drawings, posted Drawings 
and Specifications, and other files of field operations including provisions for 
maintaining "As Recorded Drawings."  

E. Maintain signs and supports in a neat, clean condition.  Repair damage to 
structures, framings, or signs. 
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F. Repair any damage to permanent structures or finishes caused by placement or 
removal of temporary signage. 

G. Immediately repair damage, leaks, or defective service. 

H. Remove field office from site upon acceptance of the entire work by the Owner. 

 

END OF SECTION 
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SECTION 01 32 16 

CONSTRUCTION SCHEDULE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Provide Construction Schedules for the Work included in this Contract in 
accordance with requirements in this Section, pursuant to the General 
Conditions. Create Construction Schedule using Critical Path Method (CPM) with 
Oracle Primavera P6, which is the required software for meeting the 
requirements of this specification.  

B. A P6 Construction Schedule Template will be provided to populate with 
schedule activities.  This template will have a Work Breakdown Structure (WBS) 
and Activity Codes that the contractor is expected to use and assign to their 
activities as appropriate.  The template will facilitate integration of Contractor 
schedules across the Surface Water Supply Project. 

C. Show in the schedule the sequence in which the Contractor proposes to 
perform the work and dates on which the Contractor contemplates starting and 
completing all schedule activities.  The scheduling of the entire project, including 
the submittal, procurement and construction sequences, is required.  The 
scheduling of construction is the responsibility of the Contractor.  Contractor 
management personnel shall actively participate in its development.  
Subcontractors and suppliers working on the project shall also contribute in 
developing and maintaining an accurate Construction Schedule.  Include dates 
for key milestones and other major components of the Work, and the times when 
certain information and/or approvals from the Engineer are required.  Critical 
tasks comprising the Critical Path shall be precisely identified by the Contractor 
in its Construction Schedule and each progress schedule through implementation 
of the Critical Path Method (“CPM”). 

D. Use the approved Construction Schedule to measure the progress of the work 
and to aid in evaluating time extensions.  Make the schedule cost loaded and 
activity coded.  The schedule will provide the basis for all progress payments.  If 
the Contractor fails to submit any schedule within the time prescribed, the 
Engineer may withhold approval of progress payments until the Contractor 
submits the required schedule. 

E. Combine activity listings and bar charts with narrative report to form 
Construction Schedule submittal for Engineer. 

1.2 SCHEDULING STAFF 

A. Employ or retain services of individual experienced in CPM scheduling for 
duration of the Contract. Individual shall cooperate with Engineer and Resident 
Project Representative and update schedule monthly as required to indicate 
current status of the Work.  The scheduler shall be experienced in scheduling 
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and have previously developed, created, and maintained at least two (2) 
electronic schedules for projects similar in nature and complexity to this project, 
and shall be experienced in the use Oracle Primavera P6. 

1.3 SUBMITTALS 

Within 30 days after the Notice to Proceed, Contractor shall submit the 
Construction Schedule indicating the times (numbers of days or dates) for 
starting and completing the various stages of the Work, including the Critical 
Path and any Milestones specified in the Contract and detailed in this 
specification.  Conform to requirements of Section 01 33 00 - Submittal 
Procedures. Submit electronic schedule in *.PDF and Primavera P6 *.XER 
format (or other format as requested) to the WHCRWA Construction Project 
Management Software (CPMS), Orion.   

The 30-day schedule drafting period is further broken down by interim scope 
and time intervals in the following Sections A and B. 

A. Preliminary Construction Schedule Submission 

1. Submit the Preliminary Construction Schedule, defining the Contractor's 
planned operations for the duration of the Contract for approval no later than 
10 calendar days after Notice to Proceed.  Completely cost load the 
Preliminary Construction Schedule to balance the Contract price shown in 
the Contract.  Also cover in the preliminary schedule the entire construction 
effort with as much detail as is known at the time but, as a minimum, include 
all construction start and completion milestones, and detailed construction 
activities, including all activity coding and cost loading.  The Preliminary 
Construction Schedule forms the basis for the Approved Construction 
Schedule specified herein and must include all of the required Plan and 
Program preparations, submissions and approvals identified in the contract 
documents (for example, Quality Control Plan, Safety Plan, and 
Environmental Protection Plan) as well as the planned submissions of all 
activities intended to occur within Contract. Show planned construction 
activities by Engineer acceptance of the associated package(s) and all other 
specified Program and Plan approvals. 

B.  Approved Construction Schedule 

1. Submit the Construction Schedule for approval within 15 calendar days 
after Engineer acceptance of the Preliminary Construction Schedule for the 
project.  The schedule shall incorporate all comments provided to the 
Contractor on the Preliminary Construction Schedule.  The Construction 
Schedule shall demonstrate a reasonable and realistic sequence of 
activities which represent all work through the entire contract performance 
period.  The Construction Schedule shall be at a reasonable level of detail 
as determined by the Engineer.  Include in the schedule detailed permitting 
activities, including but not limited to reviews and conferences; permit 
submissions and any required Engineer actions; and long lead item 
acquisitions prior to completion.   
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C. Periodic Schedule Updates 

1. These submissions will enable the Engineer to assess Contractor's 
progress.  If the Contractor fails or refuses to furnish the information and 
Construction Schedule data, which in the judgment of the Engineer or 
Resident Project Representative is necessary for verifying the Contractor's 
progress, the Contractor shall be deemed not to have provided an estimate 
upon which progress payment may be made.  Update the schedule to 
include detailed, lower WBS level construction activities as requested by 
the Engineer.  The Engineer may require submission of detailed schedule 
activities for any distinct construction that is started prior to submission of 
Construction Schedule, if such activity is authorized. 

2. Conform to requirements of Section 01 33 00 - Submittal Procedures. 
Submit electronic schedule in *.PDF and Primavera P6 *.XER format (or 
other format as requested) to the WHCRWA CPMS, Orion. 

1.4 REQUIRED SCHEDULE ACTIVITIES 

A. Notice to Proceed. (NTP) 

B. Permit Activities:  Include permit activities with the necessary conferences and 
follow-up actions and submission dates.  This shall be at a detailed level of 
scheduling sufficient to identify all major permitting tasks, including those that 
control the flow of work.  The schedule shall include review and correction 
periods associated with each item. 

C. Procurement Activities:  The schedule must include activities associated with 
the submittal, approval, procurement, fabrication and delivery of long lead 
materials, equipment, fabricated assemblies and supplies.  Long lead 
procurement activities are those with an anticipated procurement sequence of 
over 90 calendar days.  A typical procurement sequence includes the string of 
activities: prepare, submit, review, approve, procure, fabricate, and deliver. 

D. Owner Activities:  Show OWNER and other agency activities that could impact 
progress.  These activities include, but are not limited to the following: 

1. Show approvals, reviews, environmental permit approvals by State 
regulators, inspections, utility tie-in or NTP for phasing requirements. 

2. Show separate activities for each Shop Drawing and Product Data submittal 
critical to timely completion.  Show submittal dates and dates Engineer 
needs to provide approved submittals. 

3. Show other activities as requested by the Engineer. 

E. Show major construction activities such as all mobilizations, initial site work, 
earthwork, pipe laying, by stationing, road to road crossing or other approved key 
areas; tunnel construction, pavement removal, pavement replacement, pressure 
testing, chlorination, clean up/site restoration, punch list, and all demobilizations 
as separate activities on the schedule. 

F. Open cut road crossings with detailed pavement replacement phasing. 
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G. For projects with Major Unit Price Work, indicate Shop Drawing submittal and 
review, purchase, delivery, and Installation dates on Construction Schedule. 
Include activities for procurement, testing, adjustment, delivering O&M manuals 
and close out procedures. 

H. No task except the acquisition of Major Unit Price Work shall represent more 
than one percent of Original Contract Price for facility projects and three percent 
of Original Contract Price for other projects.  

I. For projects where operating facilities are involved, identify each period of work 
that will impact any process or operation in the schedule and that must be agreed 
to by Engineer and facility operator prior to starting work in the area. 

J. Include activities that show coordination with other Contractors where 
appropriate.  For example, Tie-ins of a pipeline segment into a pump station 
facility (or another segment of pipeline outside of the Contractor’s scope of work). 

1.5 CONSTRUCTION SCHEDULE DETAILED REQUIREMENTS 

A. Develop the Construction Schedule to an appropriate level of detail.  Provide 
separate horizontal bar for each activity. List start and finish date for each activity 
at left side of diagram.  Failure to develop the Construction Schedule to an 
appropriate level of detail, as determined by the Engineer, will result in its 
disapproval.  The Engineer will consider, but is not limited to, the following 
characteristics and requirements to determine appropriate level of detail: 

 

1. Adhere to the following defaults for Primavera P6: 

 



WHCRWA  

CENTRAL PUMP STATION CONSTRUCTION SCHEDULE 
 

WHCRWA CENTRAL PUMP STATION 
CONSTRUCTION SCHEDULE 

01 32 16 - 5 OF 14 

 



 WHCRWA 

CONSTRUCTION SCHEDULE CENTRAL PUMP STATION       
 

WHCRWA CENTRAL PUMP STATION 
CONSTRUCTION SCHEDULE 

01 32 16 - 6 OF 14 

2. Activity ID: Following approval of the Construction Schedule, Activity IDs 
shall not be modified or changed.  Engineer may require Contractor to use a 
standard nomenclature for Activity IDs. 

3. Duration Type:  Duration Type for all activities shall be set to “Fixed Duration 
and Units” for all non-milestone activity types. 

4. Activity Description: Activity Descriptions shall contain a verb describing the 
work being performed such as “Install”, “Excavate”, “Repair”, etc.  Where 
appropriate, the Contractor shall include the station for linear activities 
and/or a description of where the activity is being performed.  It is expected 
that activities similar in nature will have repetitive descriptions with the 
location varying to differentiate unique locations. 

5. Activity Durations:  Duration of tasks may not exceed 28 calendar days 
without prior Engineer approval.  Ensure durations are appropriate and 
reasonable for the activity.  Reasonable activity durations are those that 
allow the progress of ongoing activities to be accurately determined between 
update periods.   

6. Activity Logic 

a. Prohibited Logic 

- Open Ends: All activities must have at least on predecessor 
(excluding NTP) and one successor (excluding End Project) 

- Negative Lags: negative lags are prohibited 

- Lags greater than 3 weeks (without Engineer’s approval) 

- Start-to-Finish relationships 

- Constraints: Only milestones identified in the contract may 
be constrained. 

b. Out-of-Sequence Progress 

- Activities that have been performed before all preceding 
logic has been satisfied (Out-of-Sequence Progress) shall 
be corrected as part of the schedule update and 
documented in the schedule narrative.  Out-of-Sequence 
Progress shall be allowed only on a case by case basis, and 
only with the approval of the Engineer. 

7. Work Breakdown Structure: use the WBS provided in the Construction 
Schedule Template. 

8. Activity Codes (such as Area Code, Activity Responsibility Coding, Category 
of Work Type, Definable Features of Work Coding, and Specification 
Section) 

 

a. Activity Responsibility Coding (RESP):  Assign responsibility Code for 
all activities to the Prime Contractor, Subcontractor or agency 
responsible for performing the activity.  Activities coded with an 
Engineer Responsibility code include, but are not limited to: Engineer 
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approvals, Engineer reviews, environmental permit approvals by State 
regulators and Notice to Proceed (NTP) for phasing requirements.  
Code all activities not coded with an Engineer Responsibility Code to 
the Prime Contractor or Subcontractor responsible to perform the work.  
Activities shall not have more than one Responsibility Code.   

b. Category of Work Coding (CATW):  Assign Category of Work Code to 
all Activities based upon the category of work to which the activity 
belongs.  Category of Work Code must include, but is not limited to 
reviews, review conferences, permits, construction submittals, 
construction submittal approvals, Acceptance, Procurement, 
Fabrication, Delivery, Start-Up, Test and Turnover.  Assign a Category 
of Work Code to each activity.  Each activity shall have only one 
Category of Work Code. 

c. Definable Features of Work Coding (FOW1, FOW2, FOW3):  Assign a 
Definable Feature of Work Code to appropriate activities based on the 
definable feature of work to which the activity belongs.  Definable 
Feature of Work shall be submitted to the Engineer for approval prior to 
use.  An activity shall not have more than one Definable Feature of 
Work Code.  Not all activities are required to be Definable Feature of 
Work Coded. 

d. Specification Section:  Include primary specification section when 
applicable. 

e. Other Activity Codes as required by the Engineer to aid in the filtering, 
sorting, and analysis of schedule activities. 

B. Scheduled Project Completion and Activity Calendars 

The schedule interval shall extend from NTP date to the required contract 
completion date.  The contract completion activity (End Project) shall finish based 
on the required contract duration in the accepted contract proposal, as adjusted 
for any approved contract time extensions.  The first scheduled work period shall 
be the day after NTP is received by the Contractor.  The Contractor shall 
schedule all work to be performed during the standard days and times defined in 
the contract documents.  Work shall not be scheduled outside of these 
parameters without prior approval by the Engineer.  Schedule activities on a 
calendar to which the activity logically belongs.  Activities may be assigned to a 
7-day calendar when the contract assigns calendar day durations for the activity 
such as an Engineer Acceptance activity.  If the Contractor intends to perform 
physical work less than seven days per week, schedule the associated activities 
on a calendar with non-work periods identified including weekends and holidays.   

Original durations must account for adverse weather.  The Engineer will interpret 
all work periods not identified as non-work periods on each calendar as meaning 
the Contractor intends to perform work during those periods. 

 

1. Project Start Date 
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The schedule shall start no earlier than the date on which the NTP was 
issued.  Include as the first activity in the Construction Schedule an activity 
called "Start Project” (or NTP).  The "Start Project" activity shall be a start 
milestone and have an "Early Start (ES)" constraint date equal to the date 
that the NTP was issued, and a zero-day duration. 

2. Schedule Constraints and Open-Ended Logic 

Constrain completion of the last activity in the schedule by the contract 
completion date.  Schedule calculations shall result in a negative float when 
the calculated early finish date of the last activity is later than the contract 
completion date.  Include as the last activity in the Construction Schedule an 
activity called "End Project" (or Final Completion).  The "End Project" activity 
shall have an "Late Finish (LF)" constraint date equal to the contract 
completion date for the project, and with a zero-day duration or by using the 
"project must finish by" date in the scheduling software.  The schedule shall 
have no constrained dates other than those specified in the contract.  The 
use of artificial float constraints such as "zero fee float" or "zero total float" 
are prohibited.  There shall only be two (2) open ended activities: Start 
Project (or NTP) with no predecessor logic and End Project with no 
successor logic. 

3. Early Project Completion 

In the event the Construction Schedule calculates an early completion date 
of the last activity prior to the contract completion date, identify those 
activities that it intends to accelerate and/or those activities that are 
scheduled in parallel to support the Contractor's "early" completion.  The last 
activity shall have a late finish constraint equal to the contract completion 
date and the schedule will calculate positive float.  Engineer is under no 
obligation to accelerate activities for which it is responsible to support a 

proposed early contract completion. 

 

C. Default Progress Data Disallowed 

Do not automatically update Actual Start and Finish dates with default 
mechanisms that may be included in the scheduling software.  Activity Actual 
Start (AS) and Actual Finish (AF) dates assigned during the updating process 
shall match those dates provided from Contractor Daily Reports.  Failure of the 
Contractor to document the AS and AF dates on the Daily Report for every in-
progress or completed activity, and failure to ensure that the data contained on 
the Daily Reports are the sole basis for schedule updating shall result in the 
disapproval of the Contractor's updated schedule and the inability of the Engineer 
to evaluate Contractor progress for payment purposes.  Updating of the percent 
complete and the remaining duration of any activity shall be independent 
functions.  Disable program features which calculate one of these parameters 
from the other. 

D. Calculation Mode 
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Schedule calculations shall retain the logic between predecessors and successors 
even when the successor activity starts and the predecessor activity has not 
finished.  Software features that in effect sever the tie between predecessor and 
successor activities when the successor has started and the predecessor logic is 
not satisfied ("progress override") will not be allowed. 

E. Milestones 

The schedule must include milestone activities for each significant project event 
including but not limited to:  milestone activities for foundation/substructure 
construction complete; superstructure construction complete; building dry-in or 
enclosure complete to allow the initiation of finish activities; permanent power 
complete; and building systems commissioning complete, and any other major 
milestones identified as being required by the Engineer. 

F. Horizontal Time Scale:  Identify first workday of each week. 

G. Scale and Spacing: Notes must be legible. Allow space for notations and future 
revisions. 

H. Order of Listings: Order bar chart listings by phases or other approved groups 
of activities that are contiguous. List activities in chronological order within each 
phase or group. 

1.6 MONTHLY SCHEDULE UPDATE 

A. Status of Activities 

Update information, including Actual Start Dates (AS), Actual Finish Dates (AF), 
Remaining Durations (RD), and Percent Complete shall be subject to the 
approval of Engineer.  As a minimum, address the following items on an activity 
by activity basis during each progress meeting. 

B. Start and Finish Dates 

Accurately show the status of the AS and/or AF dates for each activity currently 
in-progress or completed since the last update.  Engineer may allow an AF date 
to be assigned with the percent complete less than 100 percent to account for 
the value of work remaining but not restraining successor activities.  Only assign 
AS dates when actual progress occurs on an activity. 

C. Remaining Duration 

Update the estimated RD for all incomplete activities independent of Percent 
Complete.  Remaining Durations may exceed the activity Original Duration (OD) 
or may exceed the activity's prior update RD if Engineer considers the current 
OD or RD to be understated based on current progress, insufficient work crews 
actually manning the job, unrealistic OD or deficiencies that must be corrected 
that restrain successor activities. 

D. Percent Complete 

All activities in the schedule shall be assigned a Percent Complete Type of 
Physical Percent Complete except for activities that are dependent on time (i.e. 
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Level of Effort Activities, Procurement, Curing, etc.).  Update the percent 
complete for each activity started, based on the realistic assessment of earned 
value.  Activities which are complete with the exception of remaining minor punch 
list work and which do not restrain the initiation of successor activities may be 
declared 100 percent complete with Engineer approval. 

E. Schedule Changes 

1. Other changes required due to delays in completion of any activity or group 
of activities include:  1) delays beyond the Contractor's control, such as 
strikes and Excusable Delays as define in the General Conditions.  2) delays 
encountered due to submittals, Engineer Activities, deliveries or work 
stoppages which make re-planning the work necessary.  3) Changes 
required to correct a schedule that does not represent the actual or planned 
prosecution and progress of the work. 

2. Specifically identify and discuss all logic changes pertaining to NTP on 
change orders, change orders to be incorporated into the schedule, 
Contractor proposed changes in work sequence, corrections to schedule 
logic for out-of-sequence progress, and other changes that have been made 
pursuant to contract provisions.  Engineer will only approve logic revisions 
for the purpose of keeping the schedule valid in terms of its usefulness in 
calculating a realistic completion date, correcting erroneous logic ties, and 
accurately sequencing the work. 

3. Contractor shall submit to Engineer for acceptance proposed adjustments in 
the Construction Schedule that will not result in changing the Contract 
Times.  Proposed adjustments in the Construction Schedule that will change 
the Contract Times shall be submitted in accordance with the requirements 
of Article 11 of the General Conditions. 

4. If, in the opinion of Engineer, Contractor falls behind the accepted 
Construction Schedule due to actions or neglect of Contractor or 
Contractor's agents, servants, employees, officers, subcontractors, 
directors, or any party contracting to perform part or all of the Work or to 
supply any equipment or materials, Contractor shall take steps, including, 
but not limited to, expediting delivery of equipment or materials and 
increasing the number of personnel, shifts, and/or overtime operations, 
increasing the days of work, and/or increasing the amount of construction 
equipment until such time as the Work is back on schedule.  Contractor shall 
also submit for review not later than the time of submittal of the next request 
for partial payment, such supplementary schedule or schedules as may be 
necessary to demonstrate the manner in which the acceptable rate of 
progress will be regained, all without additional cost to Owner. 

 

F. Data date used in updating monthly Construction Schedule shall be the same 
date as used in monthly Payment Application. Monthly update of Construction 
Schedule is required for monthly Payment Application to be processed for 
payment. 
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G. Schedule Update at Monthly Progress Meetings 

 

1. Provide a Gantt chart produced by the scheduling software, organized by 
Total Float and Sorted by Early Start Date, and a two week "look-ahead" 
schedule by filtering all schedule activities to show only current ongoing 
activities and activities schedule to start during the upcoming two weeks, 
organized by Work Area Code (AREA) and sorted by Early Start Date.  The 
Contractor will provide the schedule in *.XER format prior to the meeting, 
and will be prepared to facilitate discussions regarding the schedule. 

2. Contractor represents and warrants, as a material inducement to Owner to 
enter into the Agreement, that under no circumstances will it assert that any 
“look-ahead” schedule, progress schedule or schedule update prepared or 
published by or on behalf of Contractor, or the review by Engineer of any 
such “look-ahead” schedule or progress schedule, actual Work progress 
schedule, or schedule update, constitutes an extension of the Contract Time 
or a waiver by Engineer of its right to enforce the Contract Time, or in any 
way waive enforcement of the Contract Time and Milestones set forth in the 
Agreement. 

1.7 SCHEDULE REPORTS 

A. Schedule Reports:  The format, filtering, organizing and sorting for each 
schedule report shall be as directed by the Engineer.  Typically reports shall 
contain:  Activity ID, Activity Description, Original Duration, Remaining Duration, 
Early Start Date, Early Finish Date, Late Start Date, Late Finish Date, Total Float, 
Actual Start Date, Actual Finish Date, and Physical Percent Complete.  The 
following lists typical reports that will be requested.  One or all these reports may 
be requested for each schedule submission. 

1. Activity Report:  A list of all activities sorted according to activity number. 

2. Logic Report:  A list of detailed predecessor and successor activities for 
every activity in ascending order by activity number. 

3. Total Float Report:  A list of all incomplete activities sorted in ascending 
order of total float.  List activities which have the same amount of total float 
in ascending order of Early Start Dates.  Do not show completed activities 
on this report. 

4. Cash Flow Curve Report: Prepare and submit graphic or tabular display of 
estimated monthly billings (i.e. a cash flow curve for the Work) with the first 
schedule submittal. This information is not required in monthly updates, 
unless significant changes in work require re-submittal of schedule for 
review. Display shall allocate units indicated in bid schedule or Schedule of 
Values to Construction Schedule activities. Weighted allocations are 
acceptable, where appropriate. Dollar value associated with each allocated 
unit will be spread across the duration of that activity on a monthly basis. 
Total for each month and cumulative total will be indicated. These monthly 
forecasts are only for Engineer’s planning purposes. Monthly payments for 
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actual work completed will be made in accordance with the General 
Conditions. 

5. Submit electronic Schedule Reports (*.PDF format) to the WHCRWA CPMS, 
Orion. 

1.8 NARRATIVE REPORT 

A. Provide a Narrative Report that provides the information outlined in this Section. 
The narrative report is expected to communicate to Engineer, the Contractor's 
thorough analysis of the schedule output and its plans to compensate for any 
problems, either current or potential, which are revealed through that analysis.  
Identify and explain why any activities that, based on their calculated late dates, 
should have either started or finished during the update period but did not. 

B. Narrative schedule report shall list activities started this month, activities 
completed this month, activities continued this month, activities scheduled to start 
or complete next month, problems encountered this month, and actions taken to 
solve these problems. 

C. Narrative schedule report shall describe changes made to Construction 
Schedule logic (i.e. changes in predecessors and lags), activities added to 
schedule, activities deleted from schedule, any other changes made to the 
schedule other than addition of actual start dates and actual finish dates and 
changes of data date and remaining durations for re-calculation of mathematical 
analysis. 

D. Discuss any activity that affects the public (such as phases of traffic control), 
interaction with specific forces of the Authority (such as valve operation) or other 
associated contractors. 

E. Discuss the critical path and near critical path(s), any loss in total float on this 
path, and the cause for reduction in total float.  If delays have been realized, 
discuss the Contractor’s plan to minimize or eliminate their impacts, and meet the 
contractual completion dates. 

F. Provide a narrative report to describe progress revisions: 

1. Major changes in scope. 

2. Revised projections in progress, completion, or changes in activity duration. 

3. Other identifiable changes. 

4. Problem areas, anticipated delays, and the impact on schedule. 

5. Corrective action recommended and its effect. 

6. Effect of changes on schedules or other contractors. 

7. Product delivery lead times. 

G. Submit electronic Narrative Schedule Report (in the form of approved word 
processor or *.PDF format) to the WHCRWA CPMS, Orion.. 
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1.9 NETWORK DIAGRAMS 

A. The network diagram is required for the initial construction schedule submittal.  
The network diagram shall depict and display the order and interdependence of 
activities and the sequence in which the work is to be accomplished.  The 
Engineer will use, but is not limited to, the following conditions to review 
compliance with this paragraph: 

1. Continuous Flow:  Diagrams shall show a continuous flow from left to right 
with no arrows from right to left.  Show the activity number, description, 
duration, and estimated earned value on the diagram. 

2. Project Milestone Dates:  Show dates on the diagram for start of project, any 
contract required interim completion dates, and contract completion dates. 

3. Critical Path:  Clearly show the critical path. 

4. Banding:  Organize activities as directed to assist in the understanding of 
the activity sequence.  Typically, this flow will group activities by category of 
work, work area and/or responsibility. 

1.10 OWNERSHIP OF FLOAT 

A. Float available in the schedule, at any time, shall not be considered for the 
exclusive use of either Owner or the Contractor. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

END OF SECTION 
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SECTION 01 33 00 

SUBMITTAL PROCEDURES 

PART 1 - GENERAL 

1.1 SECTION INCLUDES 

A. Submittal procedures for: 

1. Schedule of Values 

2. Construction Schedules and Cash Flow Curve (billing forecast). 

3. Shop Drawings, Product Data and Samples 

4. Operations and Maintenance (O&M) Data 

5. Manufacturer's Certificates 

6. Construction Photographs 

7. Project Record Documents and monthly certification. 

8. Video Tapes 

9. Design Mixes 

1.2 SUBMITTAL PROCEDURES 

A. Scheduling and Handling: 

1. Submit shop drawings, data, and samples for related components 
electronically using WHCRWA FTP site as required by Engineer. 

a. Authority requires the use of WHCRWA Construction Management 
(CM) Software (Orion) to track the progress of West Harris County 
Regional Water Authority Contracts. 

b. All project documentation and correspondence, including Submittals, 
Request for Information (RFI), Request for Proposal (RFP), Change 
Orders, etc are to be transmitted electronically using WHCRWA CM 
Software or approved equal. Documents requiring original signature will 
be input into WHCRWA CM Software .The signed original are to be 
received by Engineer on the same day document is logged in 
electronically in WHCRWA CM Software . Documents received that are 
not input into WHCRWA CM Software may not be accepted by 
Engineer.  

c. Documents are to be submitted electronically in *.PDF format. No 
printed copies of submittal will be accepted for review unless original  
signature is required, submittal contains over fifty pages, or submittal 
page size is greater than 11" x 17". 
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d. Samples accompanying submittals and documentation are to be 
received by Engineer on the same day submittal is logged in 
electronically. 

2. Schedule submittals well in advance of need for construction products. 
Allow time for delivery of products after submittal approval.  

3. Develop submittal schedule that allows sufficient time for initial review, 
correction, resubmission and final review of all submittals. Allow a minimum 
of 30 days for initial review. Engineer will review and return submittals to 
Contractor as expeditiously as possible but time required for review will vary 
depending on complexity and quantity of data submitted.  

4. Engineer’s review of submittals covers only general conformity to Drawings, 
Specifications and dimensions that affect layout. Contractor is responsible 
for quantity determination. No quantities will be verified by Engineer. 
Contractor is responsible for errors, omissions or deviations from Contract 
requirements; review of submittals does not relieve Contractor from the 
obligation to furnish required items in accordance with Drawings and 
Specifications.  

5. Submit all submittals electronically using WHCRWA CM Software unless 
otherwise specified in following paragraphs or Specifications.  

6. Revise and resubmit submittals as required. Identify all changes made 
since previous submittal.  

7. Assume risk for fabricated products delivered prior to approval. Do not 
incorporate products into the Work, or include payment for products in 
periodic progress payments, until approved by Engineer.  

B. Transmittal Form and Numbering: 

1. Transmit each submittal to Engineer with Transmittal letter which includes: 

a. Date and submittal number 

b. Project title and number 

c. Names of Contractor, Subcontractor, Supplier and manufacturer 

d. Identification of product being supplied 

e. Location of where product is to be Installed 

f. Applicable Specification section number 

2. Identify deviations from Contract documents clouding submittal drawings. 
Itemize and detail on separate 8-1/2 by 11-inch sheets entitled 
"DEVIATIONS FOR     ." When no deviations exist, 
submit a sheet stating no deviations exist. 

3. Have design deviations signed and sealed by an appropriate design 
professional, registered in the State of Texas. 
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4. Sequentially number transmittal letters beginning with number one. Use 
original number for resubmittals with an alphabetic suffix (i.e., 2A for the 
first resubmittal of submittal 2, or 15C for third resubmittal of submittal 15, 
etc.). Show only one type of work or product on each submittal. Mixed 
submittals will not be accepted. 

C. Contractor's Stamp: 

1. Apply Contractor's Stamp certifying that the items have been reviewed in 
detail by Contractor and that they comply with Contract requirements, 
except as noted by requested variances. 

2. As a minimum, Contractor's Stamp shall include: 

a. Contractor's name 

b. Job number 

c. Submittal number 

d. Certification statement Contractor has reviewed submittal and it is in 
compliance with the Contract 

e. Signature line for Contractor 

 

D. Submittals will be returned with one of the following responses:  

1. "ACKNOWLEDGE RECEIPT" when no response and resubmittal is 
required.  

2. "NO EXCEPTION" when sufficient information has been supplied to 
determine that item described is accepted and that no resubmittal is 
required. 

3. "EXCEPTIONS AS NOTED" when sufficient information has been supplied 
to determine that item will be acceptable subject to changes, or exceptions, 
which will be clearly stated. When exceptions require additional changes, 
the changes must be submitted for approval. Resubmittal is not required 
when exceptions require no further changes. 

4. "REJECTED-RESUBMIT" when submittal does not contain sufficient 
information, or when information provided does not meet Contract 
requirements. Additional data or details requested by Engineer must be 
submitted to obtain approval. 

1.3 MANUFACTURER'S CERTIFICATES 

A. When required by Specification sections, submit manufacturers' certificate of 
compliance for review by Engineer. 

B. Place Contractor's Stamp on front of certification. 

C. Submit supporting reference data, affidavits, and certifications as appropriate. 

D. Product certificates may be recent or from previous test results, but must be 
acceptable to Engineer. 
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1.4 DESIGN MIXES 

A. When required by Specification sections, submit design mixes for review.  

B. Place Contractor's Stamp, as specified in this section, on the front of each 
design mix. 

C. Mark each mix to identify proportions, gradations, and additives for each class 
and type of mix submitted. Include applicable test results from samples for each 
mix. Perform tests and certifications within 12 months of the date of the 
submittal. 

D. Maintain copies of approved mixes at mixing plant. 

1.5 CHANGES TO CONTRACT 

A. Changes to Contract may be initiated by completing a Request for Information 
form. Engineer will provide a response to Contractor by completing the form 
and returning it to Contractor. 

1. If Contractor agrees that the response will result in no increase in cost or 
time, a Field Order will be issued by Engineer. 

2. If Contractor and Engineer agree that an increase in time or cost is 
warranted, Contractor will forward Charge Proposal to Engineer for 
negotiation of  a Change Order. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

END OF SECTION 
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SECTION 01 35 05 

ENVIRONMENTAL PROTECTION AND SPECIAL CONTROLS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Addresses: 

1. Minimizing the pollution of air, water, or land; control of noise, the disposal 
of solid waste materials, and protection of deposits of historical or 
archaeological interest. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Prices: No payment will be made for this item.  Include the cost of same in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract 
payment for Work in this Section is included in total Stipulated Price. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Prior to the start of any construction activities submit: 

a. A detailed proposal of all methods of control and preventive measures 
to be utilized for environmental protection. 

b. A drawing of the work area, haul routes, storage areas, access routes 
and current land conditions including trees and vegetation. 

c. Submit drawings to show location of tank protection area and driveway.  
Indicate nearest inlet or channelized flow area.  Clearly dimension 
distances and measurements. 

d. Submit list of spill containment equipment, and quantities thereof, 
located at fueling area. 
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1.4 ENVIRONMENTAL CONTROLS 

A. Provide and maintain methods, equipment, and temporary construction as 
necessary for controls over environmental conditions at construction site and 
adjacent areas. 

B. Work to minimize impact to surrounding environment.  Adopt construction 
procedures that do not cause unnecessary excavation and filling of terrain, 
indiscriminate destruction of vegetation, air or stream pollution, nor harassment 
or destruction of wildlife. 

C. Recognize and adhere to environmental requirements of Project.  Limit 
disturbed areas to boundaries established by Contract.  Avoid pollution of “on-
site” streams, sewers, wells, or other water sources. 

D. Burning of rubbish, debris, or waste materials is not permitted. 

1.5 POLLUTION CONTROL  

A. Provide methods, means, and facilities required to prevent contamination of 
soil, water, or atmosphere by discharge of noxious substances from 
construction operations. 

B. Provide equipment and personnel to perform required emergency measures to 
contain spillage, and to remove contaminated soils or liquids.  Excavate and 
dispose of contaminated earth off-site and replace with suitable compacted fill 
and topsoil. 

C. Provide systems for control of atmospheric pollutants. 

1. Prevent toxic concentrations of chemicals. 

2. Prevent harmful dispersal of pollutants into atmosphere. 

D. Use equipment that conforms to current Federal, State, and local laws and 
regulations. 

E. Install or otherwise implement positive controls to prevent hazardous materials 
migrating from Work area. 

1.6 PEST AND RODENT CONTROL 

A. Provide rodent and pest control as necessary to prevent infestation of 
construction or storage areas. 

B. Employ methods and use materials which will not adversely affect conditions at 
site or on adjoining properties. 

1.7 NOISE CONTROL 

A. Noise limits measured at the WHCRWA property line are: 

1. 65 decibels between 7 a.m. and 7 p.m 

2. 58 decibels from 7 p.m. to 7 a.m.   
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B. Noise limits may not exceed 65 decibels without prior approval by the Engineer. 
Noise limits above 85 decibels will not be approved. 

C. Provide vehicles, equipment, and construction activities that minimize noise to 
greatest degree practicable.  Conform noise levels to latest OSHA standards.  
Do not permit noise levels to interfere with Work or create nuisance in 
surrounding areas.  

D. Conduct construction operations during daylight hours except as approved by 
Owner’s representative. 

E. Select construction equipment to operate with minimum noise and vibration.  
When in opinion of Resident Project Representative (RPR), objectionable noise 
or vibration is produced by equipment, rectify conditions without additional cost 
to Owner.  Sound Power Level (PWL) of equipment shall not exceed 85 dbA 
(re: 10-12 watts) measured 5 feet from piece of equipment.  Explicit equipment 
noise requirements are specified with equipment specifications. 

1.8 DUST CONTROL 

A. Control objectionable dust caused by operation of vehicles and equipment.  
Apply water or use other methods, subject to approval of RPR to control 
amount of dust generated.   

1.9 WATER RUNOFF AND EROSION CONTROL 

A. Comply with Texas Pollutant Discharge Elimination System (TPDES) permit 
when required. 

B. In addition to TPDES requirements: 

1. Provide methods to control surface water, runoff, subsurface water, and 
water from excavations and structures to prevent damage to Work, site, or 
adjoining properties. 

2. Control fill, grading and ditching to direct water away from excavations, pits, 
tunnels, and other construction areas; and to direct drainage to proper 
runoff courses so as to prevent erosion, sedimentation or damage. 

3. Provide, operate, and maintain equipment and facilities of adequate size to 
control surface water. 

4. Dispose of drainage water in manner to prevent flooding, erosion, or other 
damage to portion of site or to adjoining areas and in conformance with 
environmental requirements. 

5. Retain existing drainage patterns external to construction site by 
constructing temporary earth berms, sedimentation basins, retaining areas, 
and temporary ground cover as needed to control conditions. 

6. Plan and execute construction and earth work by methods to control 
surface drainage from cuts and fills, and from borrow and waste disposal 
areas, to prevent erosion and sedimentation. 
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a. Minimize area of bare soil exposed at one time. 

b. Provide temporary control measures, as berms, dikes, and drains. 

7. Construct fills and waste areas by selective placement to eliminate erosion 
of surface silts or clays. 

8. Inspect earthwork periodically to detect evidence of start of erosion.  Apply 
corrective measures as required to control erosion. 

1.10 QUALITY ASSURANCE 

A. Person conducting visual examination for pollutant shall be fully knowledgeable 
about the TPDES Construction General Permit, detecting sources of storm 
water contaminants, inspection of aboveground storage tank and 
appurtenances for leakage, and the day-to-day operations that may cause 
unexpected pollutant releases. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Employ and utilize environmental protection methods, obtain all necessary 
permits, and fully observe all local, state, and federal regulations. 

B. No clearing and grubbing or rough cutting permitted until erosion and sediment 
control systems are in place, other than site Work specifically directed by RPR 
to allow soil testing and surveying.  

C. Prohibit equipment and vehicles from maneuvering on areas outside of 
dedicated rights-of-way and easements for construction.  Immediately repair 
damage caused by construction traffic to erosion and sediment control systems.  

D. Maintain existing erosion and sediment control systems located within project 
site until acceptance of Project or until directed by RPR to remove and discard 
existing system. 

E. Regularly inspect and repair or replace damaged components of erosion and 
sediment control systems as specified in this Section.  Unless otherwise 
directed, maintain erosion and sediment control systems until project area 
stabilization is accepted by the Owner.  Remove erosion and sediment control 
systems promptly when directed by RPR.  Discard removed materials off site. 

F. Remove and dispose sediment deposits at designated spoil site for Project.  If a 
project spoil site is not designated on Drawings, dispose of sediment off site at 
location not in or adjacent to stream or flood plain.  Assume responsibility for 
off-site disposal.  Spread sediment evenly throughout site, compacted and 
stabilized.  Prevent sediment from flushing into a stream or drainage way.  If 
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sediment has been contaminated, dispose of in accordance with existing 
federal, state, and local rules and regulations. 

G. Assume responsibility for collecting, storing, hauling, and disposing of spoil, silt, 
and waste materials as specified in this or other Specifications and in 
compliance with applicable federal, state, and local rules and regulations. 

H. Employ protective measures to avoid damage to existing trees to be retained on 
project site.  Conduct construction operations under this Contract in 
conformance with erosion control practices described in Drawings and this or 
other Specifications. 

I. Prepare spill response and containment procedures to be implemented in event 
of significant materials spill.  Significant materials include but are not limited to:  
raw materials; fuels; materials such as solvent, detergents, and plastic pellets; 
finished materials such as metallic products; raw materials used in food 
processing or production; hazardous substances designated under Section 
101(14) of CERCLA; chemical required to be reported pursuant to Section 313 
of Title III of SARA; fertilizers; pesticides, and waste products such as slag, 
ashes and sludge that have potential to be released with storm water 
discharges. Spill containment procedures shall be kept on-site or in construction 
field office. 

J. Spill containment equipment appropriate to size of operation is to be located in 
close proximity of fueling area.  Such equipment includes, but not limited to, 
suitable waste containers for significant materials, drip pans, booms, inlet 
covers, or absorbent. 

K. Properly label significant materials or waste containers used for construction 
activities and stored on-site overnight. 

L. Install, maintain, and inspect erosion, sediment control measures and practices 
as specified in Drawings and in this or other Specifications 

M. Land Protection: 

1. Except for any work or storage area and access routes specifically 
assigned for the use of the Contractor, the land areas outside the limits of 
construction shall be preserved in their present condition. 

a. Contractor shall confine his construction activities to areas defined for 
work within the Contract Documents. 

2. Manage and control all borrow areas, work or storage areas, access routes 
and embankments to prevent sediment from entering nearby water or land 
adjacent to the work site. 

3. Restore all disturbed areas including borrow and haul areas and establish 
permanent type of locally adaptable vegetative cover. 

4. Unless earthwork is immediately paved or surfaced, protect all side slopes 
and backslopes immediately upon completion of final grading. 
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5. Plan and execute earthwork in a manner to minimize duration of exposure 
of unprotected soils. 

6. Except for areas designated by the Contract Documents to be cleared and 
grubbed, the Contractor shall not deface, injure or destroy trees and 
vegetation, nor remove, cut, or disturb them without approval of the RPR. 

a. Any damage caused by the Contractor's equipment or operations shall 
be restored as nearly as possible to its original condition at the 
Contractor's expense. 

7. Utilize, as necessary, erosion control methods to protect side and 
backslopes, minimize and the discharge of sediment to the surface water 
leaving the construction site as soon as rough grading is complete. 

a. These controls shall be maintained until the site is ready for final 
grading and landscaping or until they are no longer warranted and 
concurrence is received from the RPR. 

b. Physically retard the rate and volume of run-on and runoff by: 

1) Implementing structural practices such as diversion swales, 
terraces, straw bales, silt fences, berms, storm drain inlet 
protection, rocked outlet protection, sediment traps and temporary 
basins. 

2) Implementing vegetative practices such as temporary seeding, 
permanent seeding, mulching, sod stabilization, vegetative buffers, 
hydroseeding, anchored erosion control blankets, sodding, 
vegetated swales or a combination of these methods. 

3) Providing Construction sites with graveled or rocked access 
entrance and exit drives and parking areas to reduce the tracking of 
sediment onto public or private roads. 

8. Discharges from the construction site shall not contain pollutants at 
concentrations that produce objectionable films, colors, turbidity, deposits or 
noxious odors in the receiving stream or waterway. 

N. Solid Waste Disposal: 

1. Collect solid waste on a daily basis. 

2. Provide disposal of degradable solid waste to an approved solid waste 
disposal site. 

3. Provide disposal of nondegradable solid waste to an approved solid waste 
disposal site or in an alternate manner approved by RPR and regulatory 
agencies. 

4. No building materials wastes or unused building materials shall be buried, 
dumped, or disposed of on the site. 

O. Fuel and Chemical Handling: 

1. Store and dispose of chemical wastes in a manner approved by regulatory 
agencies. 
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2. Take special measures to prevent chemicals, fuels, oils, greases, 
herbicides, and insecticides from entering drainage ways. 

3. Do not allow water used in onsite material processing, concrete curing, 
cleanup, and other waste waters to enter a drainage way(s) or stream. 

4. The Contractor shall provide containment around fueling and chemical 
storage areas to ensure that spills in these areas do not reach waters of the 
state. 

P. Control of Dust: 

1. The control of dust shall mean that no construction activity shall take place 
without applying all such reasonable measures as may be required to 
prevent particulate matter from becoming airborne so that it remains visible 
beyond the limits of construction. 

a. Reasonable measures may include paving, frequent road cleaning, 
planting vegetative groundcover, application of water or application of 
chemical dust suppressants. 

b. The use of chemical agents such as calcium chloride must be approved 
by the Engineer. 

2. Utilize methods and practices of construction to eliminate dust in full 
observance of agency regulations. 

3. The RPR will determine the effectiveness of the dust control program and 
may request the Contractor to provide additional measures, at no additional 
cost to Owner. 

Q. Burning: 

1. Do not burn material on the site. 

2. If the Contractor elects to dispose of waste materials by burning, make 
arrangements for an off-site burning area and conform to all agency 
regulations. 

R. Control of Noise: 

1. Control noise by fitting equipment with appropriate mufflers. 

S. Completion of Work: 

1. Upon completion of work, leave area in a clean, natural looking condition. 

2. Ensure all signs of temporary construction and activities incidental to 
construction of required permanent work are removed. 

a. Grade, fill and seed all disturbed areas. 

T. Historical Protection: 

1. If during the course of construction, evidence of deposits of historical or 
archaeological interests is found, cease work affecting find and notify 
Owner’s representative. 
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a. Do not disturb deposits until written notice from Engineer is given to 
proceed. 

2. The Contractor will be compensated for lost time or changes in construction 
to avoid the find based upon normal change order procedures. 

3.2 TOPSOIL PLACEMENT FOR EROSION AND SEDIMENT CONTROL SYSTEMS 

A. When topsoil is specified as a component of another Specification, conduct 
erosion control practices described in this Specification during topsoil 
placement operations. 

B. When placing topsoil, maintain erosion and sediment control systems consisting 
of swales, grade stabilization structures, berms, dikes, waterways, and 
sediment basins. 

C. Maintain grades which have been previously established on areas to receive 
topsoil. 

D. After areas to receive topsoil have been brought to grade, and immediately prior 
to dumping and spreading topsoil, loosen subgrade by discing or by scarifying 
to a depth of at least 2 inches to permit bonding of topsoil to subsoil.  Compact 
by passing bulldozer up and down slope, tracking over entire surface area of 
slope to create horizontal erosion control slots. 

E. No sod or seed shall be placed on soil which has been treated with soil 
sterilants until sufficient time has elapsed to permit dissipation of toxic 
materials. 

3.3 DUST CONTROL 

A. Implement dust control methods to control dust creation and movement on 
construction sites and roads and to prevent airborne sediment from reaching 
receiving streams or storm water conveyance systems, to reduce on-site and 
off-site damage, to prevent health hazards, and to improve traffic safety. 

B. Control blowing dust by using one or more of following methods: 

1. Mulches bound with chemical binders such as Carasol, Terratack, or equal. 

2. Temporary vegetative cover. 

3. Spray-on adhesives on mineral soils when not used by traffic. 

4. Tillage to roughen surface and bring clods to surface. 

5. Irrigation by water sprinkling. 

6. Barriers using solid board fences, snow fences, burlap fences, crate walls, 
bales of hay, or similar materials. 

C. Implement dust control methods immediately whenever dust can be observed 
blowing on project site. 
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3.4 KEEPING STREETS CLEAN 

A. Keep streets clean of construction debris and mud carried by construction 
vehicles and equipment.  If necessary, install stabilized construction exits at 
construction, staging, storage, and disposal areas.  Vehicle/equipment wash 
area (stabilized with coarse aggregate) may be installed adjacent to stabilized 
construction exit, as needed.  Release wash water into a drainage swale or inlet 
protected by erosion and sediment control measures.   

B. In addition to stabilized construction exits, shovel or sweep pavement to extent 
necessary to keep street clean.  Water hosing or sweeping of debris and mud 
off of street into adjacent areas is not allowed. 

3.5 EQUIPMENT MAINTENANCE AND REPAIR 

A. Confine maintenance and repair of construction machinery and equipment to 
areas specifically designated for that purpose.  Locate areas so that oils, 
gasoline, grease, solvents, and other potential pollutants cannot be washed 
directly into receiving streams or storm water conveyance systems.  Provide 
these areas with adequate waste disposal receptacles for liquid as well as solid 
waste.  Clean and inspect maintenance areas daily. 

B. On construction site where designated equipment maintenance areas are not 
feasible, take precautions during each individual repair or maintenance 
operation to prevent potential pollutants from washing into streams or 
conveyance systems.  Provide temporary waste disposal receptacles. 

3.6 WASTE COLLECTION AND DISPOSAL 

A. Formulate and implement a plan for collection and disposal of waste materials 
on construction site.  In plan, designate locations for trash and waste 
receptacles and establish a collection schedule.  Specify and carry out methods 
for ultimate disposal of waste in accordance with applicable local, state, and 
federal health and safety regulations.  Make special provisions for collection 
and disposal of liquid wastes and toxic or hazardous materials. 

B. Keep receptacles and waste collection areas neat and orderly to extent 
possible.  Waste shall not be allowed to overflow its container or accumulate 
from day-to-day.  Locate trash collection points where they shall least likely be 
affected by concentrated storm water runoff. 

3.7 WASHING AREAS 

A. Avoid washing concrete delivery trucks or dump trucks and other construction 
equipment at locations where runoff shall flow directly into a watercourse or 
storm water conveyance system.  Designate special areas for washing vehicles.  
Locate these areas where wash water shall spread out and evaporate or 
infiltrate directly into ground, or where runoff can be collected in temporary 
holding or seepage basin.  Beneath wash areas construct a gravel or rock base 
to minimize mud production. 
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3.8 STORAGE OF CONSTRUCTION MATERIALS AND CHEMICALS 

A. Isolate sites where chemicals, cements, solvents, paints, or other potential 
water pollutants are stored in areas where they shall not cause runoff pollution. 

B. Store toxic chemicals, materials, pesticides, paints, and acids in accordance 
with manufacturers’ guidelines.  Protect groundwater resources from leaching 
by placing a plastic mat, packed clay, tar paper, or other impervious materials 
on areas where toxic liquids are to be opened and stored. 

3.9 DEMOLITION AREAS 

A. Demolition activities which create large amounts of dust with significant 
concentrations of heavy metals or other toxic pollutants shall use dust control 
techniques to limit transport of airborne pollutants.  However, retain water or 
slurry used to control dust contaminated with heavy metals or toxic pollutants 
on site, and prevent runoff directly into watercourses or storm water 
conveyance systems.  Carry out methods of ultimate disposal of these materials 
in accordance with applicable local, state, and federal health and safety 
regulations. 

3.10 SANITARY FACILITIES 

A. Provide construction sites with adequate portable toilets for workers in 
accordance with Section 01 30 00 – Special Conditions, and applicable health 
regulations. 

3.11 PESTICIDES 

A. Use and store pesticides during construction in accordance with manufacturers’ 
guidelines and with local, state, and federal regulations.  Avoid overuse of 
pesticides which could produce contaminated runoff.  Take great care to 
prevent accidental spillage.  Never wash pesticide containers in or near flowing 
streams or storm water conveyance systems. 

3.12 CONSTRUCTION METHODS 

A. Provide fuel tank protection area and driveway as shown on Drawings. 

B. Do not locate fueling area in or near channelized flow area or close to storm 
sewer conveyance system.  Provide sufficient space to allow installation of 
other erosion and sediment controls to protect those areas. 

C. Clear and grub fueling area to remove unsuitable materials.  Place geotextile 
fabric as permeable separator to prevent mixing of coarse aggregate with 
underlying soil.  Overlap fabric minimum of 6 inches.  Place coarse aggregate 
on top of geotextile fabric to minimum depth of 8 inches. 

D. Grade protection area and driveway to provide sufficient drainage away from 
stabilized areas.  Use sandbags, gravel, boards, or similar methods to prevent 
sediment from entering public right-of-way, receiving stream or storm water 
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conveyance system.  Provide driveway to fuel tank area with minimum width of 
15 feet for one-way traffic and 30 feet for two-way traffic. 

E. Place aboveground storage tank on top of cast-in-place or pre-cast foundation.  
Base size and thickness of foundation on size and weight of tank to be used, 
with minimum thickness of 6 inches.  Enclose concrete foundation by 5-inch by 
5-inch concrete curb and extend minimum of 1 foot beyond tank and dispenser 
assemblies, so that leak and drip can be contained within concrete foundation. 

F. Slope concrete foundation minimum of 1 percent toward 6-inch wide by 12-inch 
long by 4-inch deep sump pit.  Install minimum of 2-inch pipe inside sump pit 
with valve on outside of curb to allow draining of concrete foundation. 

G. Install portable concrete Jersey Barrier around concrete foundation.  Provide 
minimum clearance of 2 feet from edge of foundation.  In lieu of Jersey barrier, 
install 4-inch diameter steel pipe bollards around foundation.  Bury bollards 
minimum of 3 feet deep, 3 feet above ground, and 4 feet on center, encased in 
12-inch wide concrete foundation. 

3.13 MAINTENANCE 

A. Inspections shall be conducted by designated health and safety officer qualified 
to conduct health and safety inspections. 

B. Inspect stabilized areas after every storm event and at least once a week.  
Provide periodic top dressing with additional coarse aggregate to maintain 
required depth.  Repair and clean out damaged control measures used to trap 
sediment. 

C. Inspect fuel tank foundation’s bermed area after every storm event and at least 
once a week.  Visually examine storm water contained in tank’s bermed 
foundation area for oil sheen or other obvious indicators of storm water 
pollution.  Properly dispose of storm water when pollutant is present.  Record 
visual examination of storm water discharge in Report noting date and time of 
examination, name of examiner, observations of water quality, and volume of 
storm water discharged from bermed area.  Keep Report with other storm water 
pollution control inspection reports on site, in readily accessible location. 

3.14 TEMPORARY FUELING AREA CLOSURE 

A. Dispose of temporary vehicle and equipment fueling area by removal of 
sediment and erosion controls properly off site.  RPR will inspect topsoils in 
fueling area and immediate vicinity for evidence of fuel leaks.  If RPR 
determines that sufficient pollutants have been released, remove soil and 
properly dispose off site.  Other remediation methods may be required. 
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END OF SECTION 
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SECTION 01 42 13 

STANDARD ABBREVIATIONS 

PART 1 - GENERAL 

1.1 UNITS OF MEASUREMENT 

A (amp) ampere(s) 

ACFM actual CFM 

AIC amps interrupting capacity 

AWG American Wire Gage 

BF board foot (feet) 

BHP brake horsepower 

BTU British thermal unit 

BTUH British thermal units per hour 

C centigrade 

cc cubic centimeter 

CCM/SEC cubic centimeter(s) per second 

CF cubic feet 

CFH cubic feet per hour 

CFM cubic feet per minute 

CM centimeter(s) 

CM/SEC centimeter(s) per second 

CPS cycle(s) per second 

CU cubic 

CU FT cubic feet 

CU IN cubic inch(es) 

CU M cubic meter(s) 

CY cubic yard(s) 

Db decibel(s) 

DbmV decibel millivolts 

DEG degree(s) (angular) 

DegC degree(s) Centigrade, degree(s) Celsius 

DegF degree(s) Fahrenheit 

F Fahrenheit 

FBM board measure 

FPM feet per minute 

FPS feet per second, frames per second 

FT feet, foot 

FV face velocity 

G gram(s) 

GA gage 

GAL gallon(s) 
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GAL/SF gallon(s) per square foot 

GFD gallon(s) per square foot per day 

GPCD gallon(s) per capita days 

GPD gallon(s) per day 

GPH gallon(s) per hour 

GPM gallon(s) per minute 

GPS gallon(s) per second 

HD head 

HP horsepower 

HR hour(s) 

Hz hertz, cycles per second 

IN inch(es) 

IN Hg inches, mercury 

IN-LB inch-pounds (force) 

IN WG inches, water gage 

IPS iron pipe size 

K  kip(s) 

K value thermal conductivity (BTU/IN/HR/SF/DegF) 

KG kilogram(s) 

KHz kilohertz 

Kpa kilopascal(s) 

KSI Kip(s) per square inch 

KSM kilogram(s) per square meter 

KV kilovolt(s) 

KVA kilovolt ampere(s) 

KVAR kilovars 

KW  kilowatt(s) 

KWH kilowatthours 

L liter(s) 

LB pound(s) 

LB/DAY pound(s) per day 

LB/HOUR pound(s) per hour 

LBF-IN pound (force) inch 

LF linear foot, linear feet 

LIN linear, lineal 

LM linear meter(s) 

L/M liter(s)/meter 

M meter 

mA milliamps 

MBTU thousand BTU 

MBH thousand BTU/HR 

MCFH thousand cubic feet per hour 

MCM thousand circular mils 

MFBM thousand feet board measure 
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MGD million gallon per day 

MG/L milligram(s) per liter 

MHz megahertz 

mHz millihertz 

MI mile(s) 

MIN. min. minute(s), minimum 

ml milliliter 

MM, mm millimeter(s) 

MO month(s) 

MPH miles per hour 

MVA megavoltamperes 

NTU nephelometric turbidity unit 

OZ ounce(s) 

PCF pounds per cubic foot 

PLF pounds per linear foot 

PSI pounds per square inch 

PSIA pounds per square inch absolute 

PSIG pounds per square inch gauge 

PSF pounds per square foot 

QT quart 

RH relative humidity 

R value thermal resistance ((SF x DegF x HR)/BTU) 

RMS root mean square 

RPM revolutions per minute 

S second 

SCFM standard CFM 

SF square foot, square feet 

SM square meter(s) 

SQ CM square centimeter(s) 

SQ IN square inch(es) 

SQUARE square (roofing) = 100 SF of surface 

SSU saybolt seconds universal 

SY square yard 

U value 
thermal conductance (1 divided by total R value) 
(BTU/SF/DegF/HR) 

uV microvolts 

V volt(s) 

Vac volt(s), AC 

Vdc volt(s), DC 

W  watt(s) 

YD yard(s) 

YR year(s) 
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1.2 TERMINOLOGY 

@ at 

AB anchor bolt 

ABAN abandon 

ABC aggregate base course 

ABT about 

A/C air-condition, air-conditioner 

AC air compressor, alternating current 

ACH aluminum chlorohydrate 

ACIP auger cast-in-place 

ACK acknowledge 

ACLD air-cooled 

ACST acoustic 

ACP acoustic ceiling panel, asphalt concrete pavement 

ACSR aluminum conduit or steel reinforced 

AD area drain, automatic damper, addendum 

ADDL additional 

ADH adhesive 

ADJ adjust, adjustable, adjacent 

ADMIN administration 

A/E architect/engineer 

AF amp frame, amp fuse 

AFF above finished floor 

AFG above finished grade 

AGGR aggregate 

AHJ authorities having jurisdiction 

AHU air handling unit 

AI area inlet, analog input 

AL aluminum 

ALIG alignment 

ALT alternate, altitude  

ALUM aluminum 

AM amplitude modulation, ammeter, acoustical material 

AMB ambient 

AMP amplifier 

ANC anchor 

AO analog output 

ANOD anodized 

ANN annunciator 

ANT antenna 

AP access panel 

APC acoustical plaster ceiling 
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APPAR apparatus 

APPX appendix 

APRX approximate 

APVD approved 

ARCH architectural 

ART article 

ASPH asphalt 

ASST assistant 

ASSY assembly 

AT acoustical time, amp trip 

ATC acoustical tile ceiling 

ATM atmosphere 

ATS automatic transfer switch 

AUTO automatic 

AUX auxiliary 

AVE avenue 

AVG average 

AWT acoustical wall tile 

B base, boiler, blank, bottom 

BB base board 

BBD bulletin board 

B TO B back to back 

BAL balance 

BAR barrier 

BAT batten 

BC 
bottom of caisson, base cabinet, bottom chord, bolt 
center, bolt circle 

BCCMP bituminous coated corrugated metal pipe 

BD board 

BE both ends, bell end 

BF both faces, bottom face, blind flange 

BIM building information modeling 

BITUM bituminous 

BKG backing 

BKR breaker 

BKT bracket 

BL base line 

BLDG building 

BLK block 

BLKG blocking 

BM benchmark, beam 

BOC back of curb 

BOD bottom of duct 
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BOG bottom of grille 

BOL bottom of louver, bollard 

BOP bottom of pipe 

BOR bottom of register 

BOT bottom 

BOU bottom of unit 

BP base plate 

BRG bearing 

BRGP bearing plate 

BRKT bracket 

BRZ bronze 

BS barium sink, both sides 

BSMT basement 

BT bathtub 

BTW between 

BTWLD butt weld 

BU bell up, built-up 

BUR built-up roofing 

BW  both ways 

BYP bypass 

C to C center to center 

C&G curb and gutter 

C channel shape, conduit 

CA cold air 

CAB cabinet 

CaCO3 calcium carbonate 

CAP capacity 

CAT catalog 

CATV community antenna television 

CAV cavity 

CB chalk board, catch basin 

CC cooling coil 

CCB concrete block, masonry 

CCF concrete floor 

CCPP calcium carbonate precipitation potential 

CCT cubical curtain track 

CCTV closed circuit television 

CCW counter clockwise 

CD ceiling diffuser 

CDF controlled-density fill 

CE concrete edge 

CEM cement 

CEM AB cement asbestos board 
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CEM ASB cement asbestos 

CER ceramic 

CFL counter flashing 

CG corner guard 

CGU ceramic glazed units 

CH chiller 

CHAM chamfer 

CHBD chalkboard 

CHD chord 

CHFR chamfer 

CHH communication handhole 

CHW chilled water 

CI cast iron, curb inlet 

CIP cast iron pipe, cast in place, clean in place 

CIPB concrete interlocking paver ballast 

CIR circle 

CIRC circulation, circular 

CJ construction joint 

CKT circuit 

CL center line, clearance, class, close 

CLG ceiling 

CLJ control joint 

CLKG calking 

CLO closet 

CLR clear 

CMAR construction manager at risk 

CM construction manager 

CMH communication manhole 

CMP corrugated metal pipe 

CMPR compressor 

CMT ceramic mosaic tile 

CMU concrete masonry unit 

CND, C conduit 

CO cleanout, concrete opening 

COL column 

COM common 

COMB combination 

COMM communication 

COMP composition, compressible, composite 

COMPR compressible 

CON concentric 

CONC concrete 

COND condition 
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CONN connection 

CONST construction 

CONT continuous 

CONTR contractor 

COOR coordinate 

CORR corrosive, corrugated 

CPMP consultant project management plan 

CPP corrugated polyethylene pipe 

CPTED crime protection through environmental design 

CPVC corrugated polyvinyl chloride 

CU, COP copper, cubic 

ORR corridor 

CP checker plate, control point 

CPLG coupling 

CPT carpet 

CR control room 

CRIT critical 

CRL corrosion-resistant lining 

CRT cathode ray tube 

CSC compression sleeve coupling 

CSMT casement 

CSK countersink 

CSS clinical service sink 

CT ceramic tile, cooling tower, concentration x time 

CTB ceramic mosaic tile base 

CTD coated 

CTJ contraction joint 

CTR center 

CTRL control 

CUH cabinet unit heater 

CVT culvert 

CURT curtain 

CW cold water, clockwise 

d delta, penny (nail measure) 

D deep, diffuser, drain 

DA deformed anchor 

DB duct bank, dry bulb 

DBA deformed bar anchor 

DBL double 

DBT dry bulb temperature, design basis threat 

DBP disinfection by-product 

D/DBPR disinfection/disinfection by-product rule 

DC direct current 
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DCS distributed control system 

DEMO demolition, demolish 

DEP depressed 

DEPT department 

DET detail 

DF drinking fountain 

DI drop inlet, ductile iron, digital input 

DIA, D diameter 

DIAG diagonal, diagram 

DIFF differential, difference 

DIM dimension 

DISCH discharge 

DISP dispenser 

DIST distance, distribution 

DIV division 

DL dead load 

DMJ double mechanical joint 

DMPF damp proofing 

DN down 

DO dissolved oxygen, digital output, ditto 

DP dampproofing, double pole, data processing, depth 

DPDT double pole, double throw 

DPST double pole, single throw 

DR  drain, doctor’s register 

DPRC design professionals in responsible charge 

DS down spout 

DT double tee, drip trap assembly, dew point temperature 

DUP duplicate 

DWG drawing 

DWL dowel 

DWR drawer 

E east 

EA each, exhaust air 

EB encased buried 

EBCT empty bed contact time 

EC electrical contractor 

ECC eccentric 

ED equipment drain 

EDB electrical duct bank 

EE each end 

EF each face 

EFF effluent, efficiency 

EFM enhanced flux maintenance 
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EHH electrical handhole 

EIFS exterior insulation & finish system 

EJ expansion joint 

EL elbow, elevation 

ELEC electrical 

EMBD embedded 

EMER emergency 

EMH electrical manhole 

ENCL enclosure 

ENGR engineer 

ENTR entrance 

EOP edge of pavement 

EQ equal, equalization 

EQUIP equipment 

EQUIV equivalent 

ES each side, equal space, emergency shower 

ESEW emergency shower and eye wash 

EST estimate 

ETJ extraterritorial jurisdiction 

EW each way, emergency eye/face wash 

EWC electric water cooler 

EWEF each way, each face 

EWTB each way, top and bottom 

EXC excavation 

EXH exhaust 

EXP expansion, exposed 

EXST existing 

EXT exterior, external, extension 

F TO F face to face 

F & B face and bypass 

FA fire alarm 

FAB fabricate 

FB floor beam 

FBD fiberboard 

FBG fiberglass 

FBO furnished by owner 

FC flushing connection 

FCA flanged coupling adapter 

FCAN full capacity above nominal 

FCBN full capacity below nominal 

FD floor drain, fire damper 

FDC flexible duct connection 

FDN foundation 
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FDR feeder 

FDTN foundation 

FDV fire department valve 

FE fire extinguisher, flanged end 

FEC fire extinguisher cabinet 

FEM female 

FES flared end section 

FEXT fire extinguisher 

FF final filter, fare face, factory finish, flat face 

FG finished grade 

FH fire hose, fire hydrant 

FHC fire hose cabinet 

FHV fire hose valve 

FIG figure 

FIN finish 

FJT flush joint 

FL floor, flush, flowline, flow 

FLA full load amps 

FLEX flexible 

FLG flooring, flange 

FLOR fluorescent 

FLR floor 

FLS flashing, flush 

FM frequency modulation radio 

FN fence 

FO finished opening, fiber optic 

FOB flat on bottom 

FOC face of concrete, face of curb 

FOF face of finish 

FOM face of masonry 

FOS face of studs 

FOT flat on top 

FT fin tube 

FTG footing 

FPT female pipe thread 

FR frame 

FRP fiberglass reinforced plastic 

FRTM fire retardant treated material 

FS floor sink, far side 

FTG footing, fitting 

FUR furred, furring 

FURN furnish, furniture 

FUT future 
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FV field verify 

FVC fire valve cabinet 

FW field weld, fire wall 

FWC fabric wall covering 

FWD forward 

FWE furnished with equipment 

FXTR fixture 

G grille, ground, velocity gradient 

GAC granular activated carbon 

GALV galvanize(d) 

GB grab bar, grade break 

GC glazed coating, grooved coupling 

GD guard 

GEN generator, general 

GF granular fill 

GFCI ground fault circuit interrupter 

GFMU ground face masonry unit 

GG gutter grade 

GL glass 

GJ grooved joint 

GL glass 

GLB glass block 

GND ground 

GR grade 

GRD ground 

GSB gypsum sheathing board 

GP guy pole 

GRP groundwater reduction plan 

GRTG grating 

GSB gypsum sheathing board 

GT grease trap 

GVL gravel 

GW guy wire 

GWB gypsum wallboard 

GYP gypsum hardboard 

H high 

HB hose bib 

HBD hardboard 

HC  
handicapped, hollow core, horizontal curve, horizontal 
centerline 

HD head, hot dip, high definition 

HDR header 

HDW hardware 
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HDWD hardwood 

HDXLPE high density cross linked polyethylene  

HEX hexagonal 

HGL hydraulic grade line 

HGR hanger 

HH handhole 

HID high-intensity discharge 

HM hollow metal 

HMAC hot-mix asphalt concrete 

HMI human machine interface 

HORIZ horizontal 

HP high point 

HPC horizontal point of curvature 

HPS high-pressure sodium 

HPT horizontal point of tangency 

HRT hydraulic retention time 

HS headed stud, high strength 

HSPS high service pump station 

HSS hollow structural shape 

HT height 

HTG heating 

HR handrail, hose reel 

HTR heater 

HV high voltage 

HVAC heating, ventilating and air conditioning 

HW hardware, hot water 

HWD hardwood 

HWL high water level 

HX heat exchanger 

HYD hydraulic 

IC intercom 

ID inside diameter, interior dimension 

IDC insulation displacement connector 

IE invert elevation, for example 

IF inside face 

IH intake head, intake hood 

IMC intermediate metal conduit 

IMP impact 

INC include, incandescent 

INF influent 

INSL insulation 

INSTR instrumentation 

INSUL insulation 
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INT interior, intersection 

INTR Intermediate, interior 

INV invert 

IP internet protocol 

IPT internal pipe thread 

IR inside radius, iron rod 

IRR irrigation 

ISO isometric 

ITB interior top bar 

IVT intravenous track 

JB junction box 

JC janitor's closet 

JCT junction 

JF joint filler 

JST joist 

JT joint 

KB knee brace 

KCMIL thousand circular mills 

KD knock down 

KMnO4 potassium permanganate 

KO knock out 

L angle, length, lavatory, lintel 

LAD ladder 

LAM laminate 

LAN local area network 

LATL lateral 

LB lag bolt 

LCTB liquid chalk and tack board 

LD linear diffuser 

LDG landing 

LDR leader 

LE left end, lifting eye 

LED light emitting diode 

LF linear foot 

LG long 

LH left hand 

LI larson index 

LIQ liquid 

LL liveload 

LLH long leg horizontal 

LLV long leg vertical 

LMLU liquid marker lecture unit 

LNG longitudinal 
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LR linear return 

LRA locked rotor amps 

LOC location 

LP low point 

LPS low-pressure sodium 

LR long radius 

LRAA locational running annual average 

LS life safety/support 

LT2ESWTR long-term 2 enhanced surface water treatment rule 

LSI langelier saturation index 

LT left 

LTD limited 

LTG lighting 

LTL lintel 

LTNG lightning 

LW lightweight 

LV low voltage 

LVGU large volume groundwater user 

LVL laminated veneer lumber 

LVR louver 

LW lightweight 

LWC lightweight concrete 

LWL low water level 

MA mixed air 

MACH machined 

MAINT maintenance 

MAN manual 

MAS masonry 

MATL material 

MATV master antenna television 

MAX maximum 

MB main breaker, machine bolt 

MBR member 

MC 
mechanical contractor, mechanical coupling, moment 
connection 

MCB metal corner bead 

MCC motor control center 

MCL maximum containment level 

MCLG maximum containment level goal 

MCJ masonry control joint 

MCP motor circuit protector 

MDMJ Modified double mechanical joint 

MECH mechanical 
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MED medicine, medium 

MERC mercury 

MFD manufactured 

MFG manufacturing 

MFR manufacturer 

MGA medical gas alarm 

MH manhole, metal halide 

MIB 2-methylisoborenol 

MIN minimum 

MIR mirror 

MISC miscellaneous 

MJ mechanical joint 

ML masonry lintel, milliliter 

MLDG molding 

MLO main lugs only 

MM/AA maximum month/annual average 

MMB membrane 

MO masonry opening 

MOD modification, modify, modular 

MON monument 

MPT male pipe thread 

MRGWB moisture-resistant gypsum wallboard 

MS mop sink 

MSL mean sea level 

MT mount 

MTD mounted 

MTG mounting 

MTL material 

MU masonry unit 

MULL mullion 

MV medium voltage 

MW monitoring well 

MW/AA maximum week/annual average 

MWP metal wall panel 

N north, neutral 

NA not applicable 

NaMnO4 sodium permanganate 

NAT natural 

NATL national 

NC nurse call, normally closed 

NEG negative 

NF near face, non-fused 

NIC not in contract 
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NO number, normally open 

NOM nominal 

NORM normal 

NOS nitrous oxide 

NPS nominal pipe size 

NPT national pipe thread 

NPV net present value 

NRC noise reduction coefficient 

NS near side 

NTS not to scale 

NWL normal water level 

O TO O out to out 

O & M operation and maintenance 

OA outside air, overall 

OC on center, overcurrent 

OCPD over current protection device 

OD outside diameter 

OED open end duct 

OF outside face, office furnishing 

OFCI owner furnished contractor installed 

OFOI owner furnished owner installed 

OG original ground 

OH overhead 

OID operator interface device 

OIT operator interface terminal 

OOS out of service 

OPNG opening 

OPP opposite 

OPT optional 

OR outside radius 

ORD overflow roof drain 

ORIG original 

OSP outside plant 

OVFL overflow 

OVHG overhang 

OX oxygen 

P & ID process and instrumentation diagram 

P paint 

PA public address 

PAR parallel, parapet 

PB panic bar, pull box 

PBD particle board 

PC point of curve, piece, precast 
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PCC point of compound curvature 

PCT percent 

PD/AA peak day/annual average 

PE plain end, polyethylene 

PED pedestal 

PEN penetration 

PER preliminary engineering report 

PERF perforated 

PERM permanent 

PERP perpendicular 

PF power factor 

PFD preliminary process flow diagram 

PFMU prefaced masonry unit 

pH, PH 
chemical symbol for measure of acidity/alkalinity, 
phase, potential hydrogen 

PI point of intersection 

PKG package 

PL plate, property line, precast lintel 

PLAS plaster 

PLAT platform 

PLBG plumbing 

PLC programmable logic controller 

PNEU pneumatic 

POL polish 

POS positive, position 

PP polypropylene, power pole 

PPD pounds per day 

PRC point of reverse curvature 

PREF prefinished 

PREFAB prefabricated 

PRELIM preliminary 

PREP prepare 

PRES pressure 

PRI primary 

PROP property, proposed 

PROT protection 

PS pipe support, pump station 

PSAP public safety answering point 

PST prestressed 

PT point, point of tangency 

PTN partition 

PTX pan tilt and zoom 

PVC polyvinyl chloride, point of vertical curve 
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PVMT pavement 

PWD plywood 

PWJ plywood web joist 

PWRB process water recovery basin 

PZ piezometer 

Q rate of flow 

QT quarry tile 

QTB quarry tile base 

QTR quarter 

QTY quantity 

QUAL quality 

R radius, register, riser 

R & R remove and replace 

R & S remove and salvage 

RA return air 

RAA running annual average 

RAD radiology 

RAS registered accessibility specialist 

RB resilient base, rock berm 

RCCP reinforced concrete culvert pipe 

RCP reinforced concrete pipe 

RCPT receptacle 

RCV receive 

RD roof drain, road 

RE right end 

REC recess 

RECD received 

RECT rectangular 

RED reducer 

REF refer, reference 

REFR refrigerator 

REIN reinforcing 

REL A relief air 

REM remainder, remove 

REQD required 

RESIL resilient 

RET retaining, return 

REV revise, revision, reverse 

RF return fan, resilient flooring, reverse filtration 

RFG roofing 

RF(I) radio frequency (interference) 

RFL reflected, reflector 

RGH rough 
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RGS rigid galvanized steel 

RGS-PVC polyvinyl chloride coated rigid galvanized steel 

RH relief hood, right hand 

RL required lap 

RLFA relief air 

RM room 

RND round 

RNG running 

RO rough opening 

ROW right-of-way 

RR railroad 

RSI ryznar saturation index 

RSP rock slope protection 

RT right 

RTV 
room temperature vulcanized (silicone fireproofing 
foam) 

RV reduced voltage 

RVT reinforced vinyl tile, resilient vinyl tile 

R/W right-of-way 

RW  return wall register 

RWPS raw water pump station 

RY railway, ready 

S south, single, steel, sink 

S2S surfaces or dressed, two (2) sides 

S4S surfaced or dressed, four (4) sides 

SA shock absorber, supply air, sound attenuator 

SALV salvage 

SAMU sound-absorbing masonry unit 

SAN sanitary 

SAT sound attenuator 

SB sitz bath, splash block 

SC sill cock, solid core 

SCADA supervisory control and data acquisition 

SCH schedule 

SCHEM schematic 

SCN screen 

SCR silicone controlled rectifier 

SD shower drain, shower door, smoke damper 

SE steel/aluminum edge 

SEC secondary, seconds 

SECT section 

SECY secretary 

SEP separate 
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SF supply fan, silt fence 

SFD smoke-actuated fire damper 

SG sheet glass, sealant groove 

SGL single 

SH shower 

SHT sheet 

SHTG sheathing 

SIL silence 

SIM similar 

SJ slab joint 

SL sliding, slope, steel lintel 

SLTD slotted 

SLV sleeve 

SM single mode 

SMLS seamless 

S/N solid neutral 

SOG slab on grade 

SP standpipe, sump pump, static pressure, soundproof 

SPA spacing 

SPD standpipe drain 

SPEC specification 

SPLY supply 

SPST single pole single throw 

SPT set point 

SQ square 

SR sheet rubber, short radius 

SRT solids retention time 

SRV steam safety relief valve 

SS service sink 

SST stainless steel 

ST stainless steel sink, steam trap, street 

STA station, stationary 

START starter 

STD standard 

STIF stiffener 

STIR stirrup 

STL steel 

STOR storage 

STR straight 

STRL structural 

SUB substitute 

SUC suction 

SURF surface 
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SUSP suspend(ed) 

SV sheet vinyl 

SV(N.S.) sheet vinyl (nonslip) 

SW  supply wall diffuser, switch 

SWBD switchboard 

SWTP surface water treatment plant 

SWTR surface water treatment rule 

SYM symbol, 

SYMM symmetrical 

SYN synthetic 

SYS system 

T toilet, throw, top, tile, tread 

T & B top and bottom 

T & G tongue and groove 

TA tempered air, toilet assembly 

TAN tangent 

TB tackboard 

TBD to be determined 

TBM temporary bench mark 

TC top of curb 

TCE temporary construction easement 

TDH total dynamic head 

TEF troweled epoxy flooring 

TEL telephone 

TEMP temperature, temporary 

TER terrazzo 

TERM terminal 

THD thread 

THK thick 

THRESH threshold 

THRU through 

TKBD tackboard 

TM technical memorandum 

TMP transmembrane pressure 

TOB top of bolt, top of bank, top of beam, top of berm 

TOC 
top of caisson, top of curb, top of concrete, total 
organic carbon 

TOD top of duct 

TOF top of footing 

TOG top of grating 

TOL tolerance, top of ledger 

TOM top of masonry 

TOP top of plate 
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TOPO topography 

TOS top of slab, top of steel, toe of slope 

TOW top of wall 

TP toilet partition, telephone pole, toe plate, trap primer 

TPD toilet paper dispenser, tons per day 

TPG topping, through plate girder 

TR transom 

TRANS transition 

TRD trench drain 

TRT treat, treatment, treated 

TS top of steel 

TSS total suspended solids 

TV television 

TX transformer 

TYP typical 

U urinal 

UC undercut 

UG underground 

UH unit heater 

UHF ultra high frequency 

ULT ultimate 

UNEX unexcavated 

UNFN unfinished 

UNO unless noted otherwise 

UR  urinal 

US utility sink 

UTIL utility 

UV ultraviolet 

UVT ultraviolet transmittance 

V vent, velocity 

VA volt ampere 

VAC vacuum 

VAR varnish, variable, volt amperes reactive 

VAV variable air volume 

VB vapor barrier, vinyl base, valve box 

VC vertical curve 

VCP vitrified clay pipe 

VCPX vitrified clay pipe - extra strength 

VCT vinyl composition tile, vertical centerline 

VD volume damper 

VDU video display unit 

VEH vehicle 

VEL velocity 
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VENT ventilation 

VERT vertical 

VERTS vertical reinforcing 

VEST vestibule 

VF ventilation fan drop 

VFD variable frequency drive 

VG vertical grain 

VHF very high frequency 

VIF verify in field 

VIN vinyl 

VM voltmeter 

VMS video management system 

VOL volume 

VOIP voice over internet protocol 

VP vacuum pump 

VPC vertical point of curvature 

VPI vertical point of intersection 

VPT vertical point of tangency 

VS venturi station, versus, vapor seal 

VT vinyl tile 

VTR vent thru roof 

VWC vinyl wall covering 

W west, wide, window, wire, wide flange beam 

W/ with 

W/O without 

WA wainscot 

WAN wide area network 

WAP wireless access point 

WB wood base 

WBT wet bulb temperature 

WC water closet, water column 

WCID water control and improvement district 

WD wood, width 

WDW window 

WF wide flange, wash fountain 

WG wire glass, water gage 

WH water heater, wall hydrant, weep hole 

WI wrought iron 

WL wind load, water level 

WLD welded 

WM wattmeter, wall mounted, wire mesh 

W/O without 

WP waterproof(ing), weatherproof (electrical), working 
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point 

WS waterstop, water surface 

WSCT wainscot 

WSE water surface elevation 

WT weight, water tight 

WTHP waterproof, working point 

WWC wood wall covering 

WWF welded wire fabric 

WWR welded wire reinforcement 

WWTP wastewater treatment plant 

XFMR transformer 

XP explosion-proof 

XS extra strong 

XSECT cross section 

XXS double extra strong 

YH yard hydrant 

YS yield strength 

Y W wye 

XLP cross linked polyethylene 

ZA zone annunciator 

1S single speed 

2S two speed 

1W one winding 

2W two winding 
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1.3 ORGANIZATIONS AND STANDARDS 

AASHTO American Association of State Highway and Transportation Officials 

ACI American Concrete Institute 

ADA Americans with Disabilities Act 

AGC Associated General Contractors of America 

AI Asphalt Institute 

AITC American Institute of Timber Construction 

AISC American Institute of Steel Construction 

AISI American Iron and Steel Institute 

ANSI American National Standards Institute 

APA American Plywood Association 

API American Petroleum Institute 

AREMA American Railway Engineering and Maintenance-of-Way Association 

ASCE American Society of Civil Engineers 

ASHRAE American Society of Heating, Refrigeration and Air Conditioning 
Engineers, Inc. 

ASME American Society of Mechanical Engineers 

ASTM American Society for Testing and Materials International 

AWPA American Wood-Preservers’ Association 

AWS American Welding Society 

AWWA American Water Works Association 

CLFMI Chain Link Fence Manufacturers Institute 

CRSI Concrete Reinforcing Steel Institute 

CS Commercial Standard (U.S. Department of Comm.) 

DCM Montgomery County Design Criteria Manual 

DHS Department of Homeland Security 

EJCDC Engineers Joint Contract Documents Committee 

EJMA Expansion Joint Manufacturers Association 

EPA Environmental Protection Agency 

FBCRWA   Fort Bend County Regional Water Authority 

FM FM Global 

FS Federal Specification 
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HCFCD Harris County Flood Control District 

IBC International Building Code 

ICEA Insulated Cable Engineer Association 

IEEE Institute of Electrical and Electronic Engineers 

IES Illuminating Engineering Society 

IPCEA Insulated Power Cable Engineers Association 

ISA International Society of Arboriculture 

LEED Leadership in Energy and Environmental Design 

LSGCD Lone Star Groundwater Conservation District 

MIL Military Specifications General Services Administration 

NACE National Association of Corrosion Engineers 

NBS National Bureau of Standards 

NEC National Electrical Code 

NECA National Electrical Contractors Association 

NECS National Electrical Code Standards 

NEMA National Electrical Manufacturers Association 

NFPA National Fire Protection Association 

NSF National Sanitation Foundation 

OSHA Occupational Safety Health Administration 

PCA Portland Cement Association 

PCI Prestressed Concrete Institute 

SDI Steel Deck Institute 

SDWA Safe Drinking Water Act 

SSPC Society for Protective Coatings (Steel Structures Painting Council) 

SMACNA Sheet Metal and Air Conditioning National Contractors Association, 
Inc. 

TAC Texas Administrative Code 

TAS Texas Accessibility Standards 

TCEQ Texas Commission on Environmental Quality 

TDLR Texas Department of Licensing and Regulation 

TWDB Texas Water Development Board 

TWE Texas Water Engineering 

TxDOT Texas Department of Transportation 
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UL Underwriters Laboratories, Inc. 

USGBC United States Green Building Council 

WHCRWA  West Harris County Regional Water Authority 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

END OF SECTION 
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SECTION 01 43 00 

CONTRACTOR’S QUALITY CONTROL 

PART 1 - GENERAL 

1.1 SECTION INCLUDES 

A. Quality assurance and control of installation and manufacturers’ field services 
and reports. 

1.2 MEASUREMENT AND PAYMENT 

A. No payment will be made for this item.  Include cost of Contractor’s quality 
control in overhead cost for this project. 

1.3 QUALITY ASSURANCE/CONTROL OF INSTALLATION 

A. Monitor quality control over suppliers, manufacturers, products, services, site 
conditions, and workmanship, to produce Work of specified quality at no 
additional cost to Owner. 

B. Comply fully with manufacturers’ installation instructions, including each step in 
sequence. 

C. Request clarification from the Engineer before proceeding when manufacturers’ 
instructions conflict with Contract. 

D. Comply with specified standards as minimum requirements for Work except 
when more stringent tolerances, codes, or specified requirements indicate 
higher standards or more precise workmanship. 

E. Perform Work by persons qualified to produce specified level of workmanship. 

1.4 REFERENCES 

A. Obtain copies of standards and maintain at job site when required by individual 
Specification sections. 

1.5 MANUFACTURERS’ FIELD SERVICES AND REPORTS 

A. When specified in individual Specification sections or as required by the Owner, 
provide material or product suppliers’ or manufacturers’ technical representative 
to observe site conditions, conditions of surfaces and installation, quality of 
workmanship, start-up of equipment, operator training, test, adjust and balance 
of equipment as applicable and to initiate operation, as required.  Conform to 
minimum time requirements for start-up operations and operator training when 
defined in Specification sections. 

B. At the Engineer’s request, submit qualifications of manufacturers’ 
representative 15 days in advance of required representatives’ services.  
Representative is subject to approval by the Engineer. 
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C. A manufacturer’s representative is to report observations and site decisions or 
instructions given to applicators or installers that are supplemental or contrary 
to a manufacturer’s written instructions.  Submit report within 14 days of 
observation to the Engineer for review. 

D. Contractor shall provide a RPLS certified copy of the ditch after grading has 
been completed. This should be provided and approved prior to Owner’s 
acceptance.  

END OF SECTION 
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SECTION 01 45 20 

INSPECTION SERVICES 

PART 1 GENERAL 

1.1 SUMMARY 

A. This Section includes inspection services and references. 

1.2 – 1.6 NOT USED 

1.3 SYSTEM DESCRIPTION 

A. Inspection 

1. Engineer will appoint Resident Project Representative (RPR) as 
representative of the Engineer to perform inspections, tests, and other 
services specified in individual specification Sections. 

2. Reports will be submitted to RPR, indicating observations and results of 
tests and indicating compliance or non-compliance with Contract. 

3. Assist and cooperate with the appointed Resident Project 
Representative; furnish samples of materials, design mix, equipment, 
tools, and storage. 

4. Notify RPR 24 hours prior to expected time for operations requiring 
services. 

5. Sign and acknowledge report for Resident Project Representative. 

1.08 – 1.13 NOT USED 

PART 2 PRODUCTS (NOT USED) 

PART 3 EXECUTION (NOT USED) 

END OF SECTION 



 WHCRWA 
INSPECTION SERVICES CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
INSPECTION SERVICES 

01 45 20 - 2 OF 2 

 

 

 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 



WHCRWA  
CENTRAL PUMP STATION TESTING LABORATORY SERVICES 

 

WHCRWA CENTRAL PUMP STATION 
TESTING LABORATORY SERVICES 

01 45 24 - 1 OF 4 

SECTION 01 45 24 

TESTING LABORATORY SERVICES 

PART 1 GENERAL 

1.1 SUMMARY 

A. This Section includes testing laboratory services and Contractor responsibilities 
related to those services. 

1.2 MEASUREMENT AND PAYMENT 

A. The Owner will select, employ, and pay for services of independent testing 
laboratory to perform inspection and testing identified in individual Specification 
sections.  

B. No separate payment for Contractor employment for services of independent 
testing laboratory or laboratories to perform inspection and testing identified in 
Part 2 of individual Specification sections. 

C. The Owner may deduct all charges incurred by testing laboratory for time and 
materials from Contractor’s periodic progress payment when operations 
requiring testing or inspection are canceled by the Contractor without prior 
notification. 

D. The Owner shall deduct cost of retesting from Contractor’s periodic progress 
payment whenever failed work is removed, replaced, and retested. 

1.3 REFERENCES 

A. ASTM C 1077 Rev A- Standard Practice for Agencies Testing Concrete and 
Concrete Aggregates for Use in Construction and Criteria for Testing Agency 
Evaluation. 

B. ASTM D 3666 - Standard Specification for Minimum Requirements for Agencies 
Testing and Inspecting Road and Paving. 

C. ASTM D 3740 Rev A- Standard Practice for Minimum Requirements for 
Agencies Engaged in the Testing and/or Inspection of Soil and Rock as Used in 
Engineering Design and Construction. 

D. ASTM E 329 Rev A- Standard Specification for Agencies Engaged in 
Construction Inspection, Testing, or Special Inspection. 

E. ISO/IEC 17025 - General Requirements for the Competence of Calibration and 
Testing Laboratories. 
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1.4 SUBMITTALS (NOT USED) 

1.5 RELATED REQUIREMENTS 

1.6 DIVISION 01 - GENERAL REQUIREMENTS. 

1.7 QUALITY ASSURANCE 

A. Qualification of Laboratory 

1. Meet laboratory requirements of ASTM E 329 Rev A and applicable 
requirements of ASTM C 1077 Rev A, ASTM D 3666, and ASTM D 
3740 Rev A. 

2. Meet ISO/IEC 17025 conditions for accreditation by the American 
Association for Laboratory Accreditation (A2LA) in specific fields of 
testing required in individual Specification sections. 

3. If laboratory subcontracts are part of testing services, such work will be 
placed with laboratory complying with requirements of this Section. 

1.8 SYSTEM DESCRIPTION 

A. Laboratory Reports 

1. Testing laboratory provides and distributes copies of laboratory reports 
to distribution list provided by Engineer at Pre-construction Conference. 

2. Keep one copy of each laboratory report distributed at site field office 
for duration of project. 

3. Testing Laboratory will email reports which indicate failed test results to 
Contractor, Engineer and Resident Project Representative no later than 
close of business on the first working day following test completion.  

B. Limits on Testing Laboratory Authority 

1. Laboratory may not release, revoke, alter, or enlarge requirements of 
Contract. 

2. Laboratory may not approve or accept any portion of the Work. 

3. Laboratory may not assume duties of Contractor. 

4. Laboratory has no authority to stop the Work. 

5. Laboratory has the authority to request inspection of materials and 
Work as directed by the Engineer. 

C. Contractor Responsibilities 
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1. Provide safe access to the Work and to manufacturer’s facilities for 
Engineer, Resident Project Representative, and for testing laboratory 
personnel. 

2. Provide testing laboratory with copy of construction schedule and copy 
of each update to construction schedule. 

3. Notify Resident Project Representative and testing laboratory during 
normal working hours of day previous to expected time for operations 
requiring inspection and testing services.  When Contractor fails to 
make timely prior notification, then Contractor shall not proceed with 
operations requiring inspection and testing services. 

4. Notify Engineer 24 hours in advance when Specification requires 
presence of Engineer for sampling or testing. 

5. Request and monitor testing as required to provide timely results and 
avoid delay to the Work.  Provide samples to laboratory in sufficient 
time to allow required test to be performed in accordance with specified 
test methods before intended use of material. 

6. Cooperate with laboratory personnel in collecting samples on site.  
Provide incidental labor and facilities for safe access to the Work to be 
tested; to obtain and handle samples at site or at source of products to 
be tested; and to facilitate tests and inspections including storage and 
curing of test samples. 

7. Contractor shall pay for additional testing for the following in 

accordance with Division 01 - General Requirements. 

a. Retesting required for failed tests 

b. Retesting for nonconforming Work 

c. Additional sampling and tests requested beyond specified 
requirements 

d. Insufficient notification of cancellation of tests for Work 
scheduled but not performed. 

8. Employment of testing laboratory by the Owner does not relieve the 
Contractor of obligation to perform the Work in accordance with 
requirements of Contract Documents. 

9. Contractor shall schedule and monitor testing.  Provide 24 hours’ notice 
of testing to Resident Project Representative. 
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PART 2 PRODUCTS (NOT USED) 

PART 3 EXECUTION 

3.1 – 3.7 NOT USED 

3.8 DEMONSTRATION / TESTING AND INSPECTION 

A. Conform laboratory sampling and testing specified in individual Specification 
sections to latest issues of ASTM standards, TxDOT methods, or other 
recognized test standards as approved by Engineer. 

B. Requirements of this section also apply to those tests for approval of materials, 
for mix designs and for quality control of materials as performed by employed 
testing laboratories. 

3.9 – 3.10 NOT USED 

END OF SECTION 
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SECTION 01 45 25 

TESTING CONCRETE STRUCTURES FOR WATERTIGHTNESS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Requirements for furnishing all labor, materials, tools, equipment, and 
services, for all testing of concrete structures for watertightness, in accord 
with provisions of the Contract Documents. 

2. Completely coordinate with work of all other trades. 

3. Although such work is not specifically indicated, furnish and install all 
supplementary or miscellaneous items, appurtenances and devices 
incidental to or necessary for a sound, secure and complete leak test. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 31 30 - Concrete, Materials and Proportioning. 

4. Section 03 35 00 - Concrete Finishing and Repair of Surface Defects. 

5. Section 33 16 32 – Reservoirs – Prestressed Concrete. 

C. Payment: 

1. Contractor to pay all costs required for testing, test water, retesting, 
patching, repair and work required to provide access for repair as required 
to meet watertightness requirements specified or indicated. 

1.2 QUALITY ASSURANCE 

A. Reference Standards: 

1. American Concrete Institute (ACI): 

a. 350.1, Specification for Tightness Testing of Environmental Engineering 
Concrete Containment Structures and Commentary. 

2. American Water Works Association (AWWA): 

a. C652, Disinfection of Water Storage Facilities. 

3. NSF International (NSF). 

4. Underwriters Laboratories, Inc. (UL). 

5. United States Department of Agriculture (USDA). 

6. Water Quality Association (WQA). 
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1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Watertightness testing plan: 

a. Plan shall include: 

1) Scheduling for testing. 

2) Description of testing apparatus for measuring water level in structure 
and evaporation pan. 

a) Include Drawings (plans, sections and details) as appropriate to 
fully describe apparatus. 

3) Location plan showing measurement location and evaporation pan 
location. 

4) Procedures for isolation of tank or compartments to ensure a 
constant volume during testing. 

5) Narrative describing testing procedure. 

6) Calculations showing: 

a) Total structure volume at water elevation for commencement of 
test period. 

b) Maximum water leakage allowed. 

c) Test period:  See ACI 350.1. 

7) Plan shall be in accordance with ACI 350.1, Chapters 1 and 2. 

3. If structure has running water leaks or fails watertightness test, submit 
repairing and patching plan. 

a. Include with plan: 

1) Location and areas of leaks. 

2) Repair material and procedures proposed for repair. 

3) Photographs of all visible leaks and damp areas. 

a) Include distant photos and close-ups to document conditions. 

B. Informational Submittals: 

1. Results of watertightness testing indicating the following: 

a. Level of water in structure and in evaporation pan and water temperature 
at commencement of test period. 

b. Level of water in structure and in evaporation pan and water temperature 
at end of test period. 

c. Net leakage in percent of total volume during test period (gross leakage 
minus that due to evaporation). 
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d. Results of retesting required due to leakage exceeding percentages 
allowed. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Water for Testing: 

1. See ACI 350.1. 

2. Water treatment or storage:  Potable water. 

3. Coordinate delivery of water for testing. 

B. Any patching or repair materials that may come into contact with potable water 
in tanks shall be approved for drinking water per NSF, UL, USDA, or WQA. 

C. For potable water tanks, sterilize the completed tank using solution containing 
200 PPM of chlorine following the criteria found in AWWA C652. 

PART 3 - EXECUTION 

3.1 PREPARATION BEFORE TESTING 

A. General: 

1. Verify the specified design concrete strength has been achieved prior to 
testing. 

2. Testing to be performed prior to placement of exterior backfill soil. 

a. Contractor is responsible for phasing construction to minimize the impact 
of and to leak testing. 

3. Contractor to furnish all necessary materials (such as gaskets and flange 
cover plates). 

4. Testing to be performed prior to application of specified waterproofing 
cementitious finishing product. 

5. Test the following tanks prior to backfilling: 

a. GSTs 1 and 2. 

b. Bulk chemical storage/containment. 

B. Source of water for watertightness testing: 

1. Coordinate disposition of water for filling tanks with RPR. 

2. The source of water will be by Contractor, approved by Engineer. 

3. The cost of providing water will be paid by the Contractor. 

a. The cost of additional water due to retesting will be paid by the 
Contractor. 

4. Contractor shall provide the means of transporting the water to the structure 
being tested. 
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C. Cleaning: 

1. Thoroughly clean interior of structure to be tested of all debris and dirt and 
hose down surfaces of all walls and slabs. 

2. Cleaning may be required after satisfactory test completion. 

D. Patching and Finishing: 

1. Prepare concrete surfaces in accordance with ACI 350.1 and Section 03 35 
00 and Section 03 31 30. 

a. Fill all holes, voids and honeycombed areas per Section 03 35 00 and 
Section 03 31 30.  Cracks suspected to cause leakage to be filled and 
sealed.   

b. Review tank for areas of potential leakage before filling. 

3.2 WATERTIGHTNESS TESTING 

A. Provide watertightness testing for the following structures in accordance with 
the indicated criteria: 

1. Where no elevation is given for WATER ELEVATION AT 
COMMENCEMENT OF TEST PERIOD in the following table, use the 
overflow elevation for the indicated structure. 

 

STRUCTURE NAME or TYPE WATER ELEVATION 
AT COMMENCEMENT 

OF TEST PERIOD 

MAXIMUM WATER 
LEAKAGE ALLOWED IN 

TEST PERIOD 
(PERCENT OF TOTAL VOLUME) 

GST1, GST2 171.0 .025 PCT, HST-VIO 

Bulk Chemical Storage 137.0 HST-NML, HST-VIO 

 

B. Perform a watertightness test as required by Engineer on any additional 
structure when in the opinion of the Engineer the structure contains sufficient 
concrete defects that could impair the watertightness of the structure. 

1. Testing to conform to requirements of this Specification Section with 
allowable leakage and other criteria as established by Engineer. 

C. Test for leakage in accordance with ACI 350.1, latest edition, Chapters 1 and 2, 
and this Specification Section. 

1. Isolate sections of structures that can be isolated during operation. 

a. Test each section separately. 

2. Allow Resident Project Representative to witness testing for watertightness 
and review accompanying results. 

D. Place evaporation pan in an easily accessible location. 

E. Record level of water in structure and evaporation pan and water temperature 
at commencement of the test period. 
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F. During testing period, inspect structure for areas indicating leakage. 

1. Any areas evidencing running water to be repaired and patched. 

2. Patching or repair of leaks as defined above shall be completed 
independent of the watertighness test. 

a. Passing watertightness test does not relieve Contractor from repairing 
running water leaks as defined by the HST-VIO criteria. 

G. Record level of water surface in the structure and evaporation pan and 
temperature every 24 HRS until end of test period. 

1. Test periods defined per ACI 350.1, except that test period shall not be less 
than 72 hours. 

H. If leakage is greater than that allowed, repair and patch areas suspected of 
causing the leakage. 

1. Re-test structure using the same procedure until leakage is equal to or less 
than that allowed. 

2. If allowable leakage is exceeded in standard test period, period may be 
extended to 5 days and the average daily leakage rate over 5 days may be 
used. 

3. Provide repair plan to Engineer for approval prior to repair of tank. 

4. Cracks suspected to cause leakage to be filled and sealed to prevent 
leakage. 

a. Patching to be performed after defective concrete area is cleaned of all 
loose material to surface of sound concrete. 

5. Prior to patching activities, Contractor to submit patching materials and 
procedures for review and approval by Engineer. 

I. Dispose of water used for testing. 

1. Dispose of water used for testing to an area which will not damage new or 
existing construction and will not interfere with construction operations or 
plant operations. 

2. Provide hoses, temporary connections, temporary fittings and other conduits 
as necessary to dispose of test water without damage to structure or terrain. 

3. Point of disposal to be approved by Engineer. 

END OF SECTION
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SECTION 01 45 33 

SPECIAL INSPECTIONS AND TESTING PROGRAM 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Contractor responsibilities for special inspection and testing. 

2. Special Inspection program and reporting requirements. 

3. Attachment A to this Specification Section includes the Submittal of Special 
Inspections. 

4. Attachment B to this Specification Section includes Special Inspector 
qualifications, reporting requirements, and material specific inspections and 
tests. 

a. This information is for the Contractor’s reference only and is not part of 
the Contract Documents. 

b. It is included to assist the Contractor in understanding the Owner-
provided Services so that those services may be factored into the 
Contractor’s pricing and schedule. 

c. The Service Provider(s) responsible for the Owner-provided Services will 
be selected after Contract award. 

B. Purpose: 

1. This Document was developed to address the requirements of the 2012 
International Building Code IBC, section 1704.1, including: 

a. One or more special inspectors will be hired by the Owner or the 
Engineer to provide inspections during constructions on the types of 
work listed under Section 1704. 

2. A Statement of Special Inspections will be submitted to the Building Code 
Official as a condition for permit issuance.  This statement is included as 
Attachment A to this Specification.  Attachment B includes a complete list of 
materials and work requiring special inspections, the inspections to be 
performed and a list of the minimum qualifications of the individuals, 
approved agencies or firms intended to be retained for conducting such 
inspections. 

C. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 
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1.2 DEFINITIONS 

A. Special Inspector:  Representative of the Engineer approved inspection agency 
designated for that portion of the work. 

B. Testing Agency:  Approved agency, not affiliated or hired by the Contractor, 
which is responsible for the materials testing requirements of the project 
including, but not limited to, concrete cylinder breaks, soils testing, and masonry 
materials testing.  

C. Statement of Special Inspections:  Document provided to the Building Code 
Official outlining  special inspections and tests to be done on the project and 
frequency of required test. 

D. Soils Engineer or Geotechnical Engineer:  For the purposes of Special 
Inspection "Soils Engineer," "Geotechnical Engineering," and "Special 
Inspector" shall be interchangeable as pertains to the Division 31 specifications. 

E. NICET:  National Institute for Certification in Engineering Technologies. 

1.3 CONTRACTOR’S RESPONSIBILITIES 

A. Cooperate with testing agency personnel, special inspector, and agents of the 
Building Code Official and provide access to the work. 

1. Providing access to the work shall include all labor and facilities to perform 
inspections and tests as listed in the specifications for the duration of the 
inspections or tests involved. 

2. Provide means to obtain and handle samples taken on site. 

B. Attend a pre-construction meeting to coordinate and clarify inspection and 
testing procedures, requirements. 

C. Notify special inspector and/or testing agency of work to be inspected/tested 
minimum of 24 HRS prior. 

D. Work for which special inspections are required shall remain accessible and 
exposed for the purposes of special inspections until completion of required 
special inspections. 

E. Any portion of work that is not in conformance shall be corrected and re-
inspected.  Such portions of the work shall not be covered or concealed until 
authorized by Resident Project Representative. 

F. Work to be inspected should be complete at time of inspector's arrival on-site. 

G. Payment for Special Inspection services will be in accordance with the 
following: 

1. Payment described below is for the Testing Agency and Special Inspector. 

2. After Contractor notification, inspector arrives at site and performs 
inspection within the timeframe defined in Item 4 below. 

a. Inspection reveals work is satisfactory. 
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b. Owner pays all costs associated with this inspection. 

3. After Contractor notification, inspector arrives at site and performs 
inspection within the timeframe defined in Item 4 below. 

a. Inspection reveals work is deficient. 

b. Contractor corrects deficiencies within timeframe defined in Item 4) 
below. 

c. Work is re-inspected and work is satisfactory. 

d. Owner pays all costs associated with this inspection. 

4. After Contractor notification, inspector arrives at site and work is not ready 
for inspection when inspector arrives. 

a. Inspector will remain on-site for a maximum of 2 HRS awaiting the 
completion of the work. 

b. If work is not ready for inspection at the end of this period, inspector will 
be dismissed until Contractor requests re-inspection. 

c. All costs associated with this inspection trip will be charged to the 
Contractor. 

5. After Contractor notification, inspector arrives at site and performs 
inspection within the timeframe defined above. 

a. Inspection reveals work is deficient. 

b. Contractor attempts to correct deficiencies within 2 HR timeframe and 
calls for re-inspection. 

c. Work is re-inspected and found to still be deficient. 

d. Inspector will be dismissed. 

e. All costs associated with this inspection trip will be charged to the 
Contractor. 

6. Owner will pay for "passing" soils tests on the Project.  Costs of corrective 
actions and costs of failed tests requiring retesting are the sole responsibility 
of the Contractor.  For additional specific payment requirements for soils, 
see the respective Division 31 Section. 

H. Special Inspection is intended to be an independent quality assurance.  Special 
Inspections shall not relieve the Contractor of any quality assurance, quality 
control, workmanship, or warranty responsibilities.  Contractor’s own personnel 
shall review all work to be inspected for conformance with Contract Documents 
prior to calling for inspection.  

1.4 REPORTING DUTIES AND AUTHORITY 

A. A pre-construction meeting to coordinate and clarify inspection, testing, and 
procedural requirements will be held per Section 01 30 00. 

1. The meeting is to be attended by: 

a. Owner. 

b. Engineer. 



SPECIAL INSPECTIONS AND TESTING PROGRAM 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
SPECIAL INSPECTIONS AND TESTING PROGRAM 

01 45 33 - 4 OF 10 

c. Resident Project Representative. 

d. Building Code Official or designee. 

e. Testing Agency and Special Inspectors. 

f. General Contractor. 

g. Appropriate Sub-contractor(s). 

B. Special Inspector shall report all deficient work to the Contractor as soon as 
possible. 

1. Deficient work that has been covered up or concealed prior to re-inspection 
shall be reported to the Engineer and the Building Code Official. 

C. Special Inspector does not have authority to stop work or modify the 
requirements of the Contract Documents. 

PART 2 - PRODUCTS - (NOT APPLICABLE TO THIS SPECIFICATION SECTION) 

PART 3 - EXECUTION - (NOT APPLICABLE TO THIS SPECIFICATION SECTION) 

 

END OF SECTION 
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ATTACHMENT A TO SECTION 01 45 33 

SUBMITTAL OF SPECIAL INSPECTIONS 
 
Statement Date:  __________ 

 

Project Name:  [_____________]  
Project Address:  [_________________] 

Owner:  [___________] 

Registered Design Professional in Responsible Charge (DPRC):  [__________________] 
 

The Statement of Special Inspections (Statement) is submitted as a condition for permit issuance in accordance with 

the Special Inspection requirements of the Building Code.  The Special Inspection program is outlined in 

Specification Section 01 45 33 and Attachments A and B.  A detailed explanation of the requirements for Special 

Inspections and Testing can be found in specification Section 01 45 33 of the Project Manual in conjunction with the 

Technical Specifications for each material.    

 

[Bi-weekly] [Monthly] Special Inspection reports will be submitted to the DPRC and the Building Official.  

Discovered discrepancies will be brought to the immediate attention of the Contractor for correction.  If the 

discrepancies are not corrected, the discrepancies will be brought to the attention of the DPRC and the Building 

Official.  Only documents that are prepared and signed or sealed by the Special Inspectors (SI) are valid.   

 

The SI is responsible for verifying all information on each document prior to signing or sealing and directly 

forwarding it to the DPRC and Building Official.  The SI is responsible for verifying all inspectors under his 

supervision maintain current certifications during the course of the project.  At the conclusion of each individual 

Special Inspection type, the SI will complete a Final Report. 

 

The Special Inspection program does not relieve the Contractor or any other entity of any contractual duties, 

including quality control, quality assurance, or safety.  The Contractor is solely responsible for construction means, 

methods, and job site safety.  Failure to adhere to the SI program as outlined herein may result in a stop work notice 

being issued by the Building Official. 

 

Respectfully submitted, 

Design Professional in Responsible Charge,  

 

 

___________________________ 

Type or Print Name 

 

[______] License # [_____] 

Expires:  [________] 

 

 

 

________________________  _________________ 

Signature            Date  

 

END OF ATTACHMENT A 
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ATTACHMENT B TO SECTION 01 45 33 

SPECIAL INSPECTIONS, INSPECTOR QUALIFICATIONS AND REPORTING 
REQUIREMENTS  

PART 1 - GENERAL 

1.1 SUMMARY 

A. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 05 05 - Concrete Testing and Inspection. 

4. Section 03 41 33 - Precast and Prestressed Concrete. 

5. Section 04 22 00 - Concrete Masonry. 

6. Section 05 12 00 - Structural Steel. 

7. Section 05 50 00 - Metal Fabrications. 

8. Section 31 23 00 - Earthwork. 

9. Section 32 13 13 - Concrete Pavement, Sidewalks and Steps. 

1.2 QUALIFICATIONS 

A. Qualifications stated here are the minimum recommended by the Engineer.  If 
the Building Code Official has more stringent qualifications, the more stringent 
qualifications will take precedence. 

B. All Special Inspections and Testing to be done under the direction of a 
Professional Engineer or Registered Architect registered in the State of Texas 
herein referred to as Registered Professional for Special Inspections (RPSI). 

C. Soil, concrete, masonry, mortar, grout, steel and aluminum related testing. 

1. The Testing Agency shall have a minimum of 10 years experience in the 
testing of these materials. 

2. The Testing Agency’s technician(s) conducting this testing: 

a. Shall have a minimum of five (5) years experience in the testing of soil, 
concrete, mortar, grout, steel and aluminum as appropriate.   

3. Concrete related work: 

a. International Code Council certification for Reinforced Concrete and 
American Concrete Institute Concrete Field Testing Technician – Grade 
1. 

D. Special Structural Inspections: 

1. Professional Engineers or Architects, licensed in the State of Texas, may 
perform special inspections in accordance with their license qualifications. 
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2. Other individuals, working under the direct supervision of a licensed 
engineer and meeting the following qualifications, may perform special 
inspections. 

3. Soils related work: 

a. NICET Level II Certification in geotechnical engineering 
technology/construction; or 

b. Registered Geologist; or 

c. Engineer Intern under the direct supervision of a Licensed Professional 
Engineer. 

4. Concrete related work: 

a. International Code Council certification for Reinforced Concrete Special 
Inspector or American Concrete Institute Concrete Construction Special 
Inspector. 

b. Alternatively, may be an Engineer Intern under the direct supervision of a 
Licensed Professional Engineer. 

5. Precast concrete erection related work: 

a. Engineer Intern under the direct supervision of a Licensed Professional 
Engineer. 

6. Precast concrete erection welding: 

1) American Welding Society as a Certified Welding Inspector; or 

2) International Code Council Structural Steel and Welding Certification 
and American Welding Society Qualified and one (1) year of related 
experience; or 

3) NDT Level II or II Certificate (for non-destructive testing only). 

7. Masonry related work: 

a. Shall be certified by the International Code Council or The Masonry 
Society Concrete Institute for structural masonry and one (1) year of 
related experience. 

b. Alternatively, may by an Engineer Intern with a minimum of two (2) years 
appropriate training. 

8. Structural steel and miscellaneous steel work: 

a. Frame and material verification in accordance with requirements of 
American Institute of Steel Construction 360-10: 

   

b. Welding: 

1) American Welding Society as a Certified Welding Inspector; or 

2) International Code Council Structural Steel and Welding Certification 
and American Welding Society Qualified and one (1) year of related 
experience; or 

3) NDT Level II or II Certificate (for non-destructive testing only). 
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c. High strength bolting: 

1) International Code Council Structural Steel and Welding Certification 
and one (1) year related experience. 

2) Alternatively, may be an Engineer Intern with appropriate training. 

9. Fire resistive coating (intumescent paint) related work: 

a. International Code Council Spray-Applied Fireproofing Certification and 
(3) years of related experience; or 

b. International Code Council Fire Inspector 1 Certification and (3) years of 
related experience. 

10. Other equivalent certifications will not be acceptable unless approved by the 
Engineer. 

1.3 REPORTING DUTIES AND AUTHORITY 

A. Reporting requirements for special inspector per IBC 2012 for Building System 
Related Work. 

1. Comply with requirements of IBC Section 1704. 

2. Provide written documentation of all inspections and testing.  

a. Include exact location of work. 

b. If testing of specimens is included, include detailed information on 
storage and curing of specimens prior to testing. 

3. Furnish inspection and test reports to the Contractor, the Engineer’s Project 
Manager and the Owner’s on-site representative. 

a. Indicate that work inspected was done in conformance with approved 
construction documents. 

b. Immediately report any discrepancies to the Contractor for correction. 

c. If the discrepancies are not corrected in a timely fashion, notify the 
Engineer’s Project Manager and Owner’s on-site representative. 

4. Issue an electronic report summarizing all inspections, corrective action 
notifications and resolution of discrepancies and non-conforming work every 
two (2) weeks (14 calendar days). 

a. Copy will be available to: 

1) Engineer’s Project Manager. 

2) Owner. 

3) The Building Code Official. 

4) General Contractor. 

5. At the end of the Project, the RPSI shall compile all test reports for each 
inspected material and for each Special Inspector and summarize into a 
single PDF and submit to the Engineer and Building Code Official. 

B. Special Inspector shall report all deficient work to the Contractor as soon as 
possible.   
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1. Deficient work that has been covered up or concealed prior to re-inspection 
shall be reported to the Engineer and the Building Code Official. 

C. Special Inspector does not have authority to stop work or modify the 
requirements of the Contract Documents. 

1.4 MATERIAL SPECIFIC SPECIAL INSPECTIONS AND TESTS 

A. Material specific requirements for special inspection and testing are listed in the 
technical specifications listed below.  Special inspection and testing 
requirements will be located in each appropriate technical specification under 
"SOURCE QUALITY CONTROL", "FIELD QUALITY CONTROL" and/or 
"QUALITY ASSURANCE" as appropriate for each material. 

1.5 SOILS 

A. Special Inspection/testing will be provided per IBC Section 1705..6and 
Table1705.6 as required to determine that the site has been prepared in 
accordance with the approved soils report, and to verify the allowable soil 
bearing pressure, materials, compaction densities, trenching and backfill and 
conformance to the project Specifications. 

B. Inspection/testing requirements are listed separately in Specification Division 31 
and are indicated as the work to be done by the GeotechnicalEngineer, Testing 
Agency, or Special Inspections and Testing Provider. 

1.6 CONCRETE 

A. Special Inspection and testing will be provided per IBC Table1705.3.  Inspection 
is required for material verification, reinforcing steel, embedded bolts, 
mechanical splices, concrete tests, welding of reinforcing, concrete placement 
and curing, and waterstop placement. 

B. Inspection and testing requirements are listed separately in Specification 
Section 03 05 05 and Specification Section 32 13 13 and are indicated as the 
work to be done by the Special Inspector or Testing Agency. 

1.7 PRECAST CONCRETE 

A. Special Inspection and testing will be provided per IBC Table 1705.3 Item 10.  
Inspection and testing is required for connection mbed number and placement, 
connection welding, and proper panel detailing prior to placement. 

B. Inspection requirements are listed separately in Specification Section 03 05 05 
and are indicated as the work to be done by the Special Inspector. 

1.8 MASONRY 

A. Special Inspection and testing will be provided per IBC MSJC Specification 
Level C Quality Assurance.  Inspection is required for material tests and 
verification, reinforcing steel, embedded bolts and anchorage, grout placement, 
and welding of reinforcing. 

B. Inspection/testing requirements are listed separately in Specification Section 04 
22 00 and are indicated as the work to be done by the Special Inspector. 
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1.9 STEEL AND STRUCTURAL STEEL 

A. Special Inspection will be provided for structural steel and aluminum per IBC 
Section 1705.2 and Table 1705.2.2 and AISC 360-10..  Inspection is required 
for material verification, high-strength bolting, welding and other work noted on 
the Contract Documents.  

B. Inspection/testing requirements are listed separately in Section 05 12 00 and 
Section 05 50 00 and are indicated as the work to be done by the Special 
Inspector.  Inspection requirements listed are applicable to aluminum, stainless 
steel, and structural steel. 

1.10MASTIC AND INTUMESCENT FIRE-RESISTANT COATINGS 

A. Special Inspection will be provided per IBC Section 1705.14 as required to 
determine that the mastic and intumescent fire-resistant coatings have been 
installed in conformance with the Contract Documents. 

PART 2 - PRODUCTS - (NOT APPLICABLE TO THIS ATTACHMENT) 

PART 3 - EXECUTION - (NOT APPLICABLE TO THIS ATTACHMENT) 

END OF ATTACHMENT B 

 



WHCRWA  

CENTRAL PUMP STATION TEMPORARY FACILITIES AND CONTROLS 

 

WHCRWA CENTRAL PUMP STATION  
TEMPORARY FACILITIES AND CONTROLS 

01 50 00 - 1 OF 8 

SECTION 01 50 00 

TEMPORARY FACILITIES AND CONTROLS 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. Contractor shall furnish temporary facilities, including Resident Project 
Representative’s field office and the Contractor’s field offices, storage sheds, 
and temporary utilities needed to complete the work.   

B. Furnish, install, and maintain temporary project identification signs.  Provide 
temporary on-site informational signs to identify key elements of the 
construction facilities.  Do not allow other signs to be displayed. 

1.2 QUALITY ASSURANCE 

A. DESIGN CRITERIA 

Furnish a total electrical heating and cooling system for the Resident Project 
Representative’s field office capable of maintaining the following minimum 
design criteria: 

1. Automatic Heating:  Minimum 65 degrees F ID temp @ 10 F ambient. 

2. Automatic Cooling:  Minimum 75 degrees F ID temp @ 105 F ambient. 

3. Relative humidity:  48 to 54% 

B. TESTING 

Inspect and test each service before placing temporary utilities in use.  Arrange 
for all required inspections and tests by regulatory agencies, and obtain 
required certifications and permits for use. 

1.3 DELIVERY AND STORAGE 

A. Arrange transportation, loading, and handling of temporary buildings and sheds. 

1.4 JOB CONDITIONS 

A. Locate buildings and sheds at the job site as indicated or as approved by the 
Engineer. 

B. Prepare the site by removing trees, brush, or debris and performing demolition 
or grubbing needed to clear a space adequate for the structures. 

C. Pay for the utilities used by temporary facilities during construction. 

D. Provide each temporary service and facility ready for use at each location when 
the service or facility is first needed to avoid delay in the performance of the 
Work.  Provide Resident Project Representative’s field office completely 
installed and ready for occupancy and use within seven (7) days of the Notice 
to Proceed. 



 WHCRWA 

TEMPORARY FACILITIES AND CONTROLS CENTRAL PUMP STATION       
 

WHCRWA CENTRAL PUMP STATION  
TEMPORARY FACILITIES AND CONTROLS 

01 50 00 - 2 OF 8 

E. Maintain, expand as required, and modify temporary services and facilities as 
needed throughout the progress of the Work. 

F. Do not remove services and facilities until they are no longer needed. 

G. Operate temporary facilities in a safe and efficient manner. 

1. Do not overload temporary services or facilities. 

2. Do not let temporary services or facilities interfere with the progress of the 
work. 

3. Do not allow unsanitary conditions, public nuisance, or hazardous conditions 
to develop or exist at the site. 

4. Do not permit freezing of pipes, flooding, or the contamination of water. 

5. Maintain site security and protection of the facilities. 

1.5 OPTIONS 

A. Construction offices may be prefabricated buildings on skids or mobile trailers. 

B. Storage sheds may be prefabricated buildings on skids or truck trailers. 

PART 2 - PRODUCTS 

2.1 SIGN MATERIALS 

A. Provide new or used signs, wood or metal with structure and framing in sound 
condition.  Materials are to be structurally adequate and suitable for the 
indicated finish. 

B. Provide 3/4" exterior grade A/D face veneer plywood with medium density 
overlay for sign surface. 

C. Bolts, brackets, fasteners, and other hardware are to be galvanized or stainless 
steel. 

D. Provide exterior quality coatings. 

2.2 TEMPORARY FIELD OFFICES 

A. General: 

1. Field office shall be a non-smoking facility. 

2. Locate office in vicinity of the Work at a location approved by Engineer or 
where indicated on Drawings. 

3. Furnish, install, and continuously maintain throughout the project duration a 
field office for exclusive use of authorized representatives of the Owner.  

4. Provide 2 trailers with minimum area of 600 square feet per trailer, 
separated by full height walls from other spaces used by the Contractor, 
accessible to private shared restroom. Provide sufficient room for Project 
meetings and RPR’s office. 



WHCRWA  

CENTRAL PUMP STATION TEMPORARY FACILITIES AND CONTROLS 

 

WHCRWA CENTRAL PUMP STATION  
TEMPORARY FACILITIES AND CONTROLS 

01 50 00 - 3 OF 8 

a. Owner’s space is to have an exterior 3’-0” x 6’-8” locking, weathertight 
door with keys only provided to the Owner. 

b. Owner’s space shall be separated by spaces used by Contractor by 3’-
0” x 6’-8” locking doors with keys only provided to the Owner. 

c. Owner’s space is to have a minimum of one (1) 4’-0” x 5’-0” window. 

d. Flooring may be plywood, vinyl, or VCT tile.  Do not use carpet. 

5. Provide office within 10 days of the Notice to Proceed. 

6. Construct ten all-weather, hard surfaced parking spaces for exclusive use of 
authorized representatives of the Owner. Provide all-weather surfaced walk 
between parking spaces and field office. 

B. Minimum Construction: 

1. Structurally sound foundation and superstructure. 

2. Weather-tight with insulated roof, walls and 7’ ceiling (minimum). 

3. Stairs or walkway with handrail and covered entrance platform (minimum 4 
feet by 4 feet) with mud scraper at door. 

4. Resilient floor covering. 

5. Screened windows with area equal to approximately 10 percent of floor area 
sufficient for light, view of the site, and ventilation. Provide each window with 
operable sash and burglar bars. 

6. Secure exterior doors with dead-bolt cylinder locks and burglar alarms. 

7. Adequately braced and anchored to prevent movement. 

8. Provide heating and air conditioning. 

C. Minimum Services: (per provided trailer) 

1. Exterior entrance light. 

2. Interior lighting of 75 foot-candles minimum at desktop height. 

3. Automatic heating to maintain 65 degrees F in winter. 

4. Automatic cooling to maintain 75 degrees F in summer. 

5. Make connections to electrical power source and provide electrical service 
to temporary field offices for duration of project. 

6. One telephone service line for voice for exclusive use of authorized 
representatives of the Owner. 

7. Sanitary facilities in field office with one water closet, one lavatory, and one 
medicine cabinet for exclusive use of authorized representatives of the 
Owner. Connect fixtures to complete potable water, sanitary, and vent 
systems. 

8. Internet access with wireless internet capabilities. Provide service with 
minimum download speed of 50 megabits per second (Mbps) or greater. 
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D. Minimum Furnishings: (per provided trailer) 

1. One 5-drawer desk 

2. Two swivel desk chairs with casters. 

3. One 22” x 34” plan table. 

4. One drawing plan rack. 

5. One 4-drawer legal file cabinet complete with fifty legal-size hanging folders 
and two full-sized carriers,  

6. One marker board with cleaner and markers. 

7. Two waste baskets. 

8. One 30-inch by 36-inch tack board. 

9. One all-purpose fire extinguisher.  

10. Six protective helmets (hard hats) with ratchet adjustment for exclusive use 
of authorized representatives of the Owner. 

11. Conference table and chairs to accommodate 20 persons. 

12. All in one wireless printer, copier, scanner, including capability to scan 8.5-
inch x 14-inch and 11-inch x 17-inch documents. 

13. Telephone with speaker-phone/conference call capabilities. 

14. Refrigerator with minimum capacity of 6 cubic feet. 

15. Water dispenser or adequate supply of water bottles for Owner’s on-site 
staff. 

16. Provide adequate space for one set of Contract documents for ready 
reference. 

E. Other trades may provide their own offices only when space is available on the 
site, and both the Engineer and the Contractor agree. 

2.3 TEMPORARY STORAGE BUILDINGS 

A. Furnish storage temporary buildings of adequate size to store any materials or 
equipment delivered to the site that might be affected by weather.  

2.4 TEMPORARY SANITARY FACILITIES 

A. Provide sanitary facilities at the job site from the Notice to Proceed until project 
conclusion.  Maintain these facilities in a clean and sanitary condition at all 
times and comply with the requirements of the local health authority. On large 
sites, provide portable toilets at such locations that no point in the work-site 
shall be more than 600' from a toilet. 

B. Use these sanitary facilities.  Do not use rest rooms within existing or Owner - 
occupied buildings. 
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2.5 TEMPORARY HEAT 

A. Provide heating devices needed to protect the building during construction. 

1. Provide fuel needed to service the heating devices.  

2. Attend heating devices at all times. 

3. Do not allow heaters to operate overnight without someone in attendance. 

2.6 TEMPORARY UTILITIES 

A. Provide all temporary utilities needed during construction, testing, disinfection, 
and start-up of the Work, including electrical power, water, and telephone.  
Include costs associated with furnishing temporary utilities in the Contract Price.  

1. Provide a source of temporary electrical power of adequate size for the 
construction procedures.  

a. Provide electrical pole and service that complies with OSHA and other 
safety requirements and the requirements of the power company 

b. Make the electrical power available to the trades as needed. 

c. Provide extensions to the various parts of the buildings as needed. 

d. Provide junction boxes in such an arrangement that distribution boxes 
are available within 75' of any part of the structure. 

2. Provide for temporary water.  Extend water to the construction site and 
maintain source until such time that the permanent water supply can be 
extended to the site.  Include the cost of water, costs for construction, 
testing, disinfection, and start-up of the Work in the Contract Price. 

3. Provide telephone service to the site and install telephones inside the 
Contractor's and the RPR’s temporary field office. 

B. Make arrangements with the local utility company, comply with utility company's 
requirements and pay for the utility costs during construction, testing 
disinfection, and start-up of the Work. 

C. Make utilities available to the trades during construction, testing, disinfection, 
and start-up. 

PART 3 - EXECUTION 

3.1 LOCATION OF TEMPORARY FACILITIES 

A. Locate all temporary facilities in an area that will not interfere with any Work to 
be performed under this contract. 

B. Construct and install signs at locations as required by applicable regulatory 
agencies or as selected by the Engineer or RPR.  Install informational signs at 
the height of optimum visibility, on ground-mounted poles or attached to 
temporary structural surfaces. 
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3.2 PROJECT IDENTIFICATION AND SIGNS 

A. Provide project identification signs of the size, lettering, and construction 
indicated by the Owner and in accordance with specified requirements. 

3.3 TEMPORARY LIGHTING 

A. Once a building is "shelled-in", provide temporary lighting inside the building. 

1. Lighting shall be adequate to perform work within any space. 

2. Lights shall be left in position in such a manner that every space has 
temporary light at all times. 

3. Temporary lights may be removed once the permanent lighting is in service. 

B. Provide portable flood lights at any time that work will be performed outside the 
structure at night.  Provide adequate lighting to provide sufficient light at any 
location work is being performed. 

3.4 DRINKING WATER 

A. Provide field offices with potable water for Owner's and Engineer's office.  
Bottled drinking water is to be provided with a dispenser and cooling apparatus. 

B. Pay for services and maintain daily. 

3.5 CONSTRUCTION FENCE   

A. Install and maintain a construction fence around the construction site and/or 
around the storage yard as indicated.  Fence may be wood picket or chain link 
construction.  Provide gates with padlocks. 

3.6 MAINTENANCE AND JANITORIAL SERVICE 

A. Maintain all-weather surface driveway and parking areas, buildings, walkways, 
stairs and required furnishings and equipment for duration of the Contract. 

B. Provide janitorial services for duration of the Contract consisting of twice weekly 
sweeping and mopping floors, trash removal, weekly restroom cleaning, and 
weekly dusting of furniture and equipment. 

C. Provide soap, paper towels, toilet paper, cleansers, printer paper, printer ink, 
and other necessary consumables. 

D. Immediately repair damage, leaks or defective service. 

E. Maintain signs and supports in a neat, clean condition.  Repair damage to 
structures, framings, or signs. 

F. Repair any damage to permanent structures or finishes caused by placement or 
removal of temporary signage. 

3.7 REMOVAL OF TEMPORARY FACILITIES 

A. Remove temporary buildings, sheds, and utilities at the conclusion of the project 
and restore the site to original condition or finished in accordance with the 
drawings. 
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B. Remove informational signs upon completion of construction. 

C. Remove project identification signs, framing, supports, and foundations upon 
completion of the project. 

END OF SECTION
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SECTION 01 56 26.02

REINFORCED FILTER FABRIC BARRIER

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes reinforced filter fabric barrier.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 – General Requirements.

3. Section 31 25 00 – Soil Erosion and Sediment Control.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost 
in associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 SUBMITTALS

A. Conform to requirements of Section 01 33 00 - Submittal Procedures.

B. Submit manufacturer’s catalog sheets and other product data on geotextile or 
filter fabrics outlet pipe, perforated riser and connectors.

1.4 REFERENCES

A. ASTM D 698 - Standard Test Methods for Laboratory Compaction 
Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 [600 kN-
m/m3]).

B. ASTM D 4491 - Standard Test Methods for Water Permeability of Geotextiles 
by Permittivity. 

C. ASTM D 4632 - Standard Test Method for Grab Breaking Load and 
Elongation of Geotextiles.

D. ASTM D 4355 - Standard Test Method for Deterioration of Geotextiles by 
Exposure to Light, Moisture, and Heat in a Xenon Arc Type Apparatus.

PART 2 - PRODUCTS

2.1 FILTER FABRIC

A. Provide woven or non-woven geotextile filter fabric made of either 
polypropylene, polyethylene, ethylene, or polyamide material.
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B. Geotextile fabric: minimum grab strength of 100 lbs. in any principal direction 
(ASTM D4632); equivalent opening size between 50 and 140 for soils with 
more than 15 percent by weight passing No. 200 sieve and between 20 and 
50 for soils with less than 15 percent by weight passing No. 200 sieve; and 
maximum water flow rate of 40 gallons per minute per square feet 
(ASTM D4491).

C. Filter fabric material shall contain ultraviolet inhibitors and stabilizers to 
provide a minimum of 6 months of expected usable construction life at a 
temperature range of 0°F to 120°F.  Ultraviolet stability exceeding 70% after 
500 hours of exposure (ASTM D 4355)

D. Representative Manufacturers:  Mirafi, Inc., or equal.

2.2 FENCING

A. Provide woven galvanized steel wire fence with minimum thickness of 14 
gauge and a maximum mesh spacing of 6 inches or galvanized 2-inch by 4-
inch welded wire fabric, 12 gauge.

PART 3 - EXECUTION

3.1 PREPARATION AND INSTALLATION

A. Provide erosion and sediment control systems at locations shown on 
Drawings.  Construct in accordance with requirements shown on Drawings 
and of type indicated as specified in this Section.

B. No clearing, grubbing, or rough cutting permitted until erosion and sediment 
control systems are in place, other than as specifically directed by Owner’s 
representative to allow soil testing and surveying.

C. Maintain existing erosion and sediment control systems located within 
Project site until acceptance of Project or until directed by Owner’s 
Representative to remove and discard existing system.

D. Regularly inspect and repair or replace damaged components of reinforced 
filter fabric barrier as specified in this Section.  Unless otherwise directed, 
maintain erosion and sediment control systems until project area stabilization 
is accepted by the Owner.  Remove erosion and sediment control systems 
promptly when directed by Owner’s Representative.  Discard removed 
materials off site.

E. Remove and dispose of sediment deposits at designated spoil site for 
Project.  If a project spoil site is not designated on Drawings, dispose of 
sediment off site at a location not in or adjacent to a stream or flood plain.  
Assume responsibility for off site disposal.  Spread sediment evenly 
throughout site, compacted and stabilized.  Do not allow sediment to flush 
into a stream or drainage way.  If sediment has been contaminated, dispose 
in accordance with existing federal, state, and local rules and regulations.
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F. Unless otherwise indicated, compact embankments, excavations, and 
trenches by mechanically blading, tamping, and rolling soil in maximum of 8-
inch layers.  Compaction density shall be at a minimum of 90 percent 
Standard Proctor ASTM D698-78 density.  Make at least one test per 500 
cubic yards of embankment.

G. Prohibit equipment and vehicles from maneuvering on areas outside of 
dedicated rights-of-way and easements for construction.  Damage caused by 
construction traffic to erosion and sediment control systems shall be repaired 
immediately and at the contractors expense.

H. Conduct construction operations under this Contract in conformance with 
erosion control practices described in Section 01 35 05 – Environmental 
Protection and Special Controls and Section 31 25 00 – Soil Erosion and 
Sediment Control.

3.2 CONSTRUCTION METHODS

A. Provide barriers, sediment traps, and sediment basins in accordance with 
Drawing details.  Install erosion and sedimentation systems in manner so 
that surface runoff shall percolate through system in sheet flow fashion and 
allow retention and accumulation of sediment.

B. Inspect erosion and sedimentation control systems after each rainfall, daily 
during periods of prolonged rainfall, and at minimum once each week.  
Repair or replace damaged sections immediately.

3.3 REINFORCED FILTER FABRIC BARRIER CONSTRUCTION METHODS

A. Attach woven wire support to 2-inch by 2-inch wooden posts or equivalent 
steel posts  spaced maximum 6 feet apart and embedded minimum of 12 
inches.  Provide safety caps on top of metal posts.  Install stakes at slight 
angle toward source of anticipated runoff.

B. Trench in toe of filter fabric barrier with spade or mechanical trencher so that 
downward face of trench is flat and perpendicular to direction of flow as 
shown on Drawings.  Trench shall be minimum of 6-inch by 6-inch.  Lay filter 
fabric along edges of trench.  Backfill and compact trench.

C. Attach wire fence to posts and securely fasten filter fabric material to wire 
fence with tie wires.

D. Reinforced filter fabric barrier shall have a minimum height of 18 inches.

E. Provide filter fabric in continuous rolls and cut to length of fence to minimize 
use of joints.  When joints are necessary, splice fabric together only at 
support post with minimum 6-inch overlap and seal securely.

F. When used in swales, ditches or diversions, elevation of barrier at top of filter 
fabric at flow line location in channel shall be lower than bottom elevation of 
filter fabric at ends of barrier or top of bank, whichever is less, in order to 
keep storm water discharge in channel from overtopping bank.
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G. Remove sediment deposits when silt reaches depth one-third height of 
barrier or 6 inches, whichever is less.

END OF SECTION
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SECTION 01 57 13.01

TPDES REQUIREMENTS

PART 1 - GENERAL 

1.1 SUMMARY

A. Section Includes:

Preparation of Storm Water Pollution Prevention Plan and notifications to 
TCEQ.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of 
the Contract.

2. Division 01 – General Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price. No separate payment will be made for this item.  Include the cost 
in associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 DEFINITIONS

A. Commencement of Construction Activities:  The exposure of soil resulting 
from activities such as clearing, grading, and excavating.

B. Large Construction Activity:  Project that:

1. Disturbs 5 acres or more, or

2. Disturbs less than 5 acres but is part of a larger common plan of 
development that will disturb 5 acres or more of land.

C. Small Construction Activity:  Project that:

1. Disturbs 1 or more acres but less than 5 acres, or

2. Disturbs less than 1 acre but is part of a larger common plan of 
development that will ultimately disturb 1 or more acres but less than 5 
acres.

D. TPDES Operator:

1. The person or persons who have day-to-day operational control of the 
construction activities which are necessary to ensure compliance with 
the SWP3 for the site or other Construction General Permit conditions.
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PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION

3.1 SITE SPECIFIC STORM WATER POLLUTION PREVENTION PLAN (SWP3)

A. Prepare a SWP3 following Part III of the Construction General Permit.  

B. Update or revise the SWP3 as needed during the construction following Part 
III, Section E of the Construction General Permit.

C. Submit the SWP3 and any updates or revisions to Owner’s representative for 
review and address comments prior to commencing, or continuing, 
construction activities.

3.2 NOTICE OF INTENT FOR LARGE CONSTRUCTION ACTIVITY

A. Fill out, sign, and date TCEQ Form 20022 (3/5/2008) Notice of Intent (NOI) 
for Storm Water Discharges Associated with Construction Activity under the 
TPDES Construction General Permit (TXR150000), ATTACHMENT 1 of this 
Section 01 57 13.01.

B. Submit the Notice of Intent by one of the following methods:

1. Submit online at TCEQ ePermits (www6.tceq.state.tx.us/steers) and pay 
the $225 application fee.  Transmit a copy of the electronic certificate 
provided by TCEQ to Owner’s representative.

2. Send a $325 check and completed TCEQ Form 20022 (3/5/2008) to the 
Texas Commission on Environmental Quality.  Transmit a copy of the 
check and completed form to Owner’s representative.

C. Owner will complete a separate Owner’s copy of TCEQ Form 20022 
(3/5/2008) for NOI, and will submit Notice, along with application fee, to the 
TCEQ.

D. Submission of the Notice of Intent form by Contractor to TCEQ is required a 
minimum of 7 days before Commencement of Construction Activities.

3.3 CONSTRUCTION SITE NOTICE FOR SMALL CONSTRUCTION ACTIVITY

A. Fill out, sign, and date the Construction Site Notice, Attachment 2 to TPDES 
General Permit TXR150000, “Construction Site Notice,” ATTACHMENT 2 of 
this Section 01 57 13.01.

B. Transmit the signed Construction Site Notice to Owner’s representative at 
least 7 days prior to Commencement of Construction Activity.

3.4 CERTIFICATION REQUIREMENTS

A. Fill out TPDES Operator’s Information form, ATTACHMENT 3 of this 
Section 01 57 13.01, including Contractor’s name, address, and telephone 
number and the names of persons or firms responsible for maintenance and 
inspection of erosion and sediment control measures.  Use multiple copies 
as required to document full information.

https://www6.tceq.state.tx.us/steers
https://www6.tceq.state.tx.us/steers
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B. Contractor and Subcontractors shall sign and date the 
Contactor’s/Subcontractor’s Certification for TPDES Permitting, 
ATTACHMENT 4 of this Section 01 57 13.01.  Include this certification with 
other Project certification forms.

C. Submit properly completed certification forms to Owner’s representative for 
review before beginning construction operations.

D. Conduct inspections in accordance with TCEQ requirements.  Ensure 
persons or firms responsible for maintenance and inspection of erosion and 
sediment control measures read, fill out, sign, and date the Erosion Control 
Contractor’s Certification for Inspection and Maintenance.  Use the EPA 
NPDES Construction Inspection Form, ATTACHMENT 5 of this Section 01 
57 13.01; to record maintenance inspections and repairs.

3.5 RETENTION OF RECORDS

A. Keep a copy of this document and the SWP3 in a readily accessible location 
at the construction site from Commencement of Construction Activity until 
submission of the Notice of Termination (NOT) for Storm Water Discharges 
Associated with Construction Activity under TPDES Construction General 
Permit (TXR150000).  Contractors with day-to-day operational control over 
SWP3 implementation shall have a copy of the SWP3 available at a central 
location, on-site, for the use of all operators and those identified as having 
responsibilities under the SWP3.  Upon submission of the NOT, submit all 
required forms and a copy of the SWP3 with all revisions to Owner’s 
representative.

3.6 REQUIRED NOTICES

A. Post the following notices from the effective date of the SWP3 until the date 
of final site stabilization as defined in the Construction General Permit:

1. Post the TPDES permit number for Large Construction Activity, or a 
signed TCEQ Construction Site Notice for Small Construction Activity.  
Signed copies of the Contractor’s NOI must also be posted.

2. Post notices near the main entrance of the construction site in a 
prominent place for public viewing.  Post name and telephone number of 
Contractor’s local contact person, brief project description and location 
of the SWP3.

a. If posting near a main entrance is not feasible due to safety 
concerns, coordinate posting of notice with Owner’s representative 
to conform to requirements of the Construction General Permit.

b. If Project is a linear construction project (e.g., road, utilities, etc.), 
post notice in a publicly accessible location near active 
construction.  Move notice as necessary.
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3. Post a notice to equipment and vehicles operators, instructing them to 
stop, check, and clean tires of debris and mud before driving onto traffic 
lanes.  Post at each stabilized construction exit area.

4. Post a notice of waste disposal procedures in a readily visible location 
on site.

3.7 ON-SITE WASTE MATERIAL STORAGE

A. On-site waste material storage shall be self-contained and shall satisfy 
appropriate local, state, and federal rules and regulations.

B. Prepare list of waste material to be stored on-site.  Update list as necessary 
to include up-to-date information.  Keep a copy of updated list with the 
SWP3.

C. Prepare description of controls to reduce pollutants generate from on-site 
storage.  Include storage practices necessary to minimize exposure of 
materials to storm water, and spill prevention and response measures 
consistent with best management practices.  Keep a copy of the description 
with the SWP3.

3.8 NOTICE OF TERMINATION

A. Submit a NOT, ATTACHMENT 6 of this Section 01 57 13.01, to Owner’s 
representative within 10 days after:

1. Final stabilization has been achieved on all portions of the site that are 
the responsibility of the Contractor; or

2. Another operator has assumed control over all areas of the site that 
have not been stabilized; and

3. All silt fences and other temporary erosion controls have either been 
removed or scheduled to be removed as defined in the SWP3, or 
transferred to a new operator, if the new operator has sought permit 
coverage.

B. Owner’s representative will complete NOT and submit Contractor’s notices to 
the TCEQ and MS4 entities.

END OF SECTION
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ATTACHMENT 2

CONSTRUCTION SITE NOTICE

FOR THE

Texas Commission on Environmental Quality (TCEQ)

Storm Water Program

TPDES GENERAL PERMIT TXR150000

The following information is posted in compliance with Part II.D.2 of the TCEQ General Permit 
Number TXR150000 for discharges of storm water runoff from construction sites.  Additional 
information regarding the TCEQ storm water permit program may be found on the internet at:
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ATTACHMENT 3

TPDES OPERATOR’S INFORMATION

Owner’s Name and Address:

Telephone:

Contractor’s Names and Addresses:
General Contractor:

Telephone:

Site Superintendent:

Telephone:

Erosion Control and Maintenance Inspection:

Telephone:

Subcontractor’s Names and Addresses:

Phone: Phone:

Note:  Insert name, address, and telephone number of persons or firms.
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ATTACHMENT 4

CONTRACTOR’S / SUBCONTRACTOR’S

CERTIFICATION FOR TPDES PERMITTING

I certify under penalty of law that I understand the terms and conditions of TPDES General 
Permit No. TXR150000 and the Storm Water Pollution Prevention Plan for the construction site 
identified as part of this certification.

Signature:

Name: (printed or 
typed)

Title:

Company:

Address:

Date:

Signature:

Name: (printed or 
typed)

Title:

Company:

Address:

Date:

Signature:

Name: (printed or 
typed)

Title:

Company:

Address:

Date:
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SECTION 01 57 23.02 

CONTROL OF GROUND WATER AND SURFACE WATER 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

Control of ground water and surface water.   

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 – Procurement and Contracting Requirements. 

2. Division 01 – General Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost 
in associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 REFERENCES 

A. ASTM D698 - Standard Test Methods for Laboratory Compaction of Soils 
Using Standard Effort (12,400 ft-lbf/ft3 (600kN-m/m3). 

B. Federal Regulations, 29 CFR Part 1926, Standards-Excavation, 
Occupational Safety and Health Administration (OSHA). 

1.4 DEFINITIONS 

A. Ground water control includes both dewatering and depressurization of 
water-bearing soil layers. 

1. Dewatering includes lowering water table and intercepting seepage that 
would otherwise emerge from slopes or bottoms of excavations, or into 
tunnels and shafts, and disposing of removed water.  Intent of 
dewatering is to increase stability of tunnel excavations and excavated 
slopes, prevent dislocation of material from slopes or bottoms of 
excavations, reduce lateral loads on sheeting and bracing, improve 
excavating and hauling characteristics of excavated material, prevent 
failure or heaving of bottom of excavations, and to provide suitable 
conditions for placement of backfill materials and construction of 
structures and other installations. 

2. Depressurization includes reduction in piezometric pressure within strata 
not controlled by dewatering alone, as required to prevent failure or 
heaving of excavation bottom or instability of tunnel excavations. 

B. Excavation drainage includes keeping excavations free of surface and 
seepage water. 
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C. Surface drainage includes use of temporary drainage ditches and dikes and 
installation of temporary culverts and sump pumps with discharge lines as 
required to protect Work from any source of surface water. 

D. Equipment and instrumentation for monitoring and control of ground water 
control system includes piezometers, monitoring wells and flow meters for 
observing and recording flow rates. 

1.5 PERFORMANCE REQUIREMENTS 

A. Conduct subsurface investigations to identify groundwater conditions and to 
provide parameters for design, installation, and operation of groundwater 
control systems.  Submit prepared method and spacing of readings for 
review prior to obtaining water level readings. 

B. Design ground water control system, compatible with requirements of 
Federal Regulations 29 CFR Part 1926, to produce following results: 

1. Effectively reduce hydrostatic pressure affecting: 

a. Excavations 

b. Tunnel excavation, face stability, or seepage into tunnels 

2. Develop substantially dry and stable subgrade for subsequent 
construction operations 

3. Preclude damage to adjacent properties, buildings, structures, utilities, 
installed facilities, and other work 

4. Prevent loss of fines, seepage, boils, quick condition, or softening of 
foundation strata 

5. Maintain stability of sides and bottom of excavations 

C. Provide ground water control systems that include single-stage or multiple-
stage well point systems, eductor, and ejector-type systems, deep wells, or 
combinations of these equipment types.   

D. Provide drainage of seepage water and surface water, as well as water from 
any other source entering excavation.  Excavation drainage may include 
placement of drainage materials, crushed stone and filter fabric, together with 
sump pumping. 

E. Provide ditches, berms, pumps, and other methods necessary to divert and 
drain surface water from excavation and other work areas. 

F. Locate ground water control and drainage systems so as not to interfere with 
utilities, construction operations, adjacent properties, or adjacent water wells. 

G. Assume sole responsibility for ground water control systems and for any loss 
or damage resulting from partial or complete failure of protective measures 
and any settlement or resultant damage caused by ground water control 
operations.  Modify ground water control systems or operations if they cause 
or threaten to cause damage to new construction, existing site 
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improvements, adjacent property, or adjacent water wells, or affect 
potentially contaminated areas.  Repair damage caused by ground water 
control systems or resulting from failure of system to protect property as 
required. 

H. Provide adequate number of piezometers installed at proper locations and 
depths as required to provide meaningful observations of conditions affecting 
excavation, adjacent structures and water wells. 

I. Provide environmental monitoring wells installed at proper locations and 
depths as required to provide adequate observations of hydrostatic 
conditions and possible contaminant transport from contamination sources 
into work area or ground water control system. 

1.6 SUBMITTALS 

A. Conform to requirements of Section 01 33 00 - Submittals Procedures. 

B. Submit Ground Water and Surface Water Control Plan for review by 
Resident Project Representative prior to start of any field work.  Plan shall be 
signed by Professional Engineer registered in State of Texas.  Submit plan to 
include following:  

1. Results of subsurface investigation and description of extent and 
characteristics of water bearing layers subject to ground water control 

2. Names of equipment suppliers and installation subcontractors 

3. Description of proposed ground water control systems indicating 
arrangement, location, depth, and capacities of system components, 
installation details and criteria and operation and maintenance 
procedures 

4. Description of proposed monitoring and control system indicating depths 
and locations of piezometers and monitoring wells, monitoring 
installation details and criteria, type of equipment and instrumentation 
with pertinent data and characteristics 

5. Description of proposed filters including types, sizes, capacities, and 
manufacturer’s application recommendations 

6. Certification of design calculations demonstrating adequacy of proposed 
systems for intended applications.  Define potential area of influence of 
ground water control operation near contaminated areas. 

7. Operating requirements, including piezometric control elevations for 
dewatering and depressurization 

8. Excavation drainage methods including typical drainage layers, sump 
pump application and other necessary means 

9. Surface water control and drainage installations 

10. Proposed methods and locations for disposing of removed water 
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C. Submit following records upon completed initial installation: 

1. Installation and development reports for well points, eductors, and deep 
wells 

2. Installation reports and baseline readings for piezometers and 
monitoring wells 

3. Baseline analytical test data of water from monitoring wells 

4. Initial flow rates 

D. Submit the following records weekly during operations: 

1. Records of flow rates and piezometric elevations obtained during 
monitoring of dewatering and depressurization.  Refer to Paragraph 3.2, 
Requirements for Eductor, Well Points, or Deep Wells. 

2. Maintenance records for ground water control installations, piezometers 
and monitoring wells 

1.7 ENVIRONMENTAL REQUIREMENTS 

A. Comply with requirements of agencies having jurisdiction. 

B. Comply with Texas Commission on Environmental Quality regulations and 
Texas Water Well Drillers Association for development, drilling, and 
abandonment of wells used in dewatering system. 

C. Obtain necessary permits from agencies with control over use of 
groundwater and matters affecting well installation, water discharge, and use 
of existing storm drains and natural water sources.  Because review and 
permitting process may be lengthy, take early action to pursue and submit for 
required approvals. 

D. Monitor ground water discharge for contamination while performing pumping 
in vicinity of potentially contaminated sites. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT AND MATERIALS 

A. Use optional equipment and materials as necessary to achieve desired 
results for dewatering.  Selected equipment and materials are subject to 
review of Engineer and Resident Project Representative through submittals 
required in Paragraph 1.6, Submittals. 

B. Eductors, well points, or deep wells, where used, must be furnished, installed 
and operated by experienced contractor regularly engaged in ground water 
control system design, installation, and operation. 

C. Equipment must be in good repair and operating order. 

D. Keep sufficient standby equipment and materials available to ensure 
continuous operation, where required. 
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PART 3 - EXECUTION 

3.1 GROUND WATER CONTROL 

A. Perform subsurface investigation by borings as necessary to identify water 
bearing layers, piezometric pressures, and soil parameters for design and 
installation of ground water control systems.  Perform pump tests, if 
necessary to determine draw down characteristics of waterbearing layers.  
Present results in Ground Water and Surface Water Control Plan (See 
Paragraph 1.6B.1). 

B. Provide labor, material, equipment, techniques and methods to lower, control 
and handle ground water in manner compatible with construction methods 
and site conditions.  Monitor effectiveness of installed system and its effect 
on adjacent property. 

C. Install, operate, and maintain ground water control systems in accordance 
with Ground Water and Surface Water Control Plan.  Notify Engineer in 
writing of changes made to accommodate field conditions and changes to 
Work.  Provide revised drawings and calculations with notification. 

D. Provide for continuous system operation, including nights, weekends, and 
holidays.  Arrange for appropriate backup if electrical power is primary 
energy source for dewatering system. 

E. Monitor operations to verify system lowers ground water piezometric levels at 
rate required to maintain dry excavation resulting in stable subgrade for 
prosecution of subsequent operations. 

F. Where hydrostatic pressures in confined water bearing layers exist below 
excavation, depressurize those zones to eliminate risk of uplift or other 
instability of excavation or installed works.  Define allowable piezometric 
elevations in Ground Water and Surface Water Control Plan. 

G. Remove ground water control installations. 

1. Remove pumping system components and piping when ground water 
control is no longer required 

2. Remove monitoring wells when directed by Resident Project 
Representative. 

3. Grout abandoned well and piezometer holes.  Fill piping that is not 
removed with cement-bentonite grout or cement-sand grout. 

H. During backfilling, dewatering may be reduced to maintain water level 
minimum of 5 feet below prevailing level of backfill.  However, do not allow 
that water level to result in uplift pressures in excess of 80 percent of 
downward pressure produced by weight of structure or backfill in place.  Do 
not allow water levels to rise into cement stabilized sand until at least 48 hour 
after placement. 
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I. Provide uniform diameter for each pipe drain run constructed for dewatering.  
Remove pipe drain when it has served its purpose.  If removal of pipe is 
impractical, provide grout connections at 50-foot intervals and fill pipe with 
cement-bentonite grout or cement-sand grout when pipe is removed from 
service. 

J. Extent of construction ground water control for structures with permanent 
perforated underground drainage system may be reduced, for units designed 
to withstand hydrostatic uplift pressure.  Provide means of draining affected 
portion of underground system, including standby equipment.  Maintain 
drainage system during operations and remove it when no longer required. 

K. Remove system upon completion of construction or when dewatering and 
control of surface or ground water is no longer required. 

L. Compact backfill to not less than 95 percent of maximum dry density in 
accordance with ASTM D 698. 

M. Foundation Beds: Maintain saturation line at least 3 feet below lowest 
elevations where concrete is to be placed.  Drain foundations in areas where 
concrete is to be placed before placing reinforcing steel.  Keep free from 
water for 3 days after concrete is placed. 

3.2 REQUIREMENTS FOR EDUCTOR, WELL POINTS, OR DEEP WELLS 

A. For aboveground piping in ground water control system, include 12-inch 
minimum length of clear, transparent piping between every eductor well or 
well point and discharge header to visually monitor discharge from each 
installation. 

B. Install sufficient piezometers or monitoring wells to show trench or shaft 
excavations in water bearing materials are predrained prior to excavation.  
Provide separate piezometers for monitoring of dewatering and for 
monitoring of depressurization.  Install piezometers and monitoring wells for 
tunneling as appropriate for selected method of Work. 

C. Install piezometers or monitoring wells not less than 1 week in advance of 
beginning associated excavation. 

D. Dewatering may be omitted for portions of under drains or other excavations, 
but only where auger borings and piezometers or monitoring wells show that 
soil is predrained by existing system and that criteria of ground water control 
plan are satisfied. 

E. Replace installations that produce noticeable amounts of sediments after 
development. 

F. Provide additional ground water control installations, or change methods, in 
event that installations according to ground water control plan does not 
provide satisfactory results based on performance criteria defined by plan 
and by specification.  Submit revised plan according to Paragraph 1.6B. 
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3.3 EXCAVATION DRAINAGE 

A. May use excavation drainage methods if necessary to achieve well drained 
conditions.  Excavation drainage may consist of layer of crushed stone and 
filter fabric, and sump pumping in combination with sufficient wells for ground 
water control to maintain stable excavation and backfill conditions. 

3.4 MAINTENANCE AND OBSERVATION 

A. Conduct daily maintenance and observation of piezometers or monitoring 
wells while ground water control installations or excavation drainage are 
operating in area or seepage into tunnel is occurring.  Keep system in good 
condition. 

B. Replace damaged and destroyed piezometers or monitoring wells with new 
piezometers or wells as necessary to meet observation schedule. 

C. Cut off piezometers or monitoring wells in excavation areas where piping is 
exposed, only as necessary to perform observation as excavation proceeds.  
Continue to maintain and make observations, as specified. 

D. Remove and grout piezometers inside or outside excavation area when 
ground water control operations are complete.  Remove and grout monitoring 
wells when directed by Resident Project Representative. 

3.5 MONITORING AND RECORDING 

A. Monitor and record average flow rate of operation for each deep well, or for 
each wellpoint or eductor header used in dewatering system.  Also monitor 
and record water level and ground water recovery.  Obtain records daily until 
steady conditions are achieved, and twice weekly thereafter. 

B. Observe and record elevation of water level daily as long as ground water 
control system is in operation, and weekly thereafter until Work is completed 
or piezometers or wells are removed, except when Resident Project 
Representative determines more frequent monitoring and recording are 
required.  Comply with Resident Project Representative direction for 
increased monitoring and recording and take measures necessary to ensure 
effective dewatering for intended purpose. 

3.6 SURFACE WATER CONTROL 

A. Intercept surface water and divert it away from excavations through use of 
dikes, ditches, curb walls, pipes, sumps or other approved means.  
Requirement includes temporary works required to protect adjoining 
properties from surface drainage caused by construction operations. 

B. Divert surface water and seepage water into sumps and pump it into 
drainage channels or storm drains, when approved by agencies having 
jurisdiction.  Provide settling basins when required by agencies. 

END OF SECTION
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SECTION 01 65 50 

PRODUCT DELIVERY, STORAGE, AND HANDLING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes requirements for product delivery, storage and handling. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 – Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. No payment will be made to Contractor for equipment or materials not properly 
stored and insured or without approved Shop Drawings. 

1. Previous payments for items will be deducted from subsequent progress 
estimate(s) if proper storage procedures are not observed. 

1.3 TRANSPORTATION 

A. Make arrangements for transportation, delivery, and handling of equipment and 
materials required for timely completion of Work. 

B. Transport and handle products in accordance with instructions. 

C. Consign and address shipping documents to proper party giving name of 
Project, street number, and city.  Shipments shall be delivered to Contractor. 

1.4 DELIVERY 

A. Scheduling:  Schedule delivery of products or equipment as required to allow 
timely inspection and installation, and to avoid prolonged storage, 
overburdening of limited storage space, conflicts with other contractors on site.  
Confirm availability of equipment and personnel for handling products prior to 
delivery.  

B. Packaging:  Deliver products or equipment in manufacturer's original unopened 
and unbroken cartons or other containers designed and constructed to protect 
the contents from physical or environmental damage. 

C. Identification:  Clearly and fully mark and identify as to manufacturer, item, and 
installation location. 

D. Protection and Handling:  Provide manufacturer's instructions for storage and 
handling. 
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PART 2 - PRODUCTS 

A. Products:  Means material, equipment, or systems forming Work.  Does not 
include machinery and equipment used for preparation, fabrication, conveying, 
and erection of Work.  Products may also include existing materials or 
components designated for reuse. 

B. For material and equipment specifically indicated or specified to be reused in 
the work: 

1. Use special care in removal, handling, storage and reinstallation, to assure 
proper function in completed work. 

2. Arrange for transportation, storage and handling of products which require 
off site storage, restoration or renovation.  Pay all costs for such work. 

C. When contract documents require that installation of work comply with 
manufacturer's printed instructions, obtain and distribute copies of such 
instructions to parties involved in installation, including two copies to RPR.  
Maintain one set of complete instructions at job site during installation until 
completion. 

D. Provide equipment and components from fewest number of manufacturers as 
practical, in order to simplify spare parts inventory and allow for maximum 
interchangeability of components.  For multiple components of same size, type, 
or application, use same make and model of component throughout Project. 

PART 3 - EXECUTION 

3.1 PROTECTION, STORAGE AND HANDLING 

A. Protection: 

1. Protect materials in accordance with manufacturer’s recommendations and 
requirements of these Specifications. 

a. Store products or equipment in location to avoid loss or physical 
damage to items while in storage. 

2. Protect equipment from exposure to elements and keep thoroughly dry. 

a. Store pumps, motors, electrical equipment, and other equipment having 
antifriction or sleeve bearings in weathertight warehouses which are 
maintained at a manufacturer’s recommended temperature. 

3. When space heaters are provided in equipment, connect and operate 
heaters during storage until equipment is placed in service. 

B. Storage: 

1. Store materials in accordance with manufacturer’s recommendations and 
requirements of these Specifications. 

2. Make necessary provisions for safe storage of materials and equipment.  
Place loose soil materials, and materials to be incorporated into Work to 
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prevent damage to any part of Work or existing facilities and to maintain 
free access at all times to all parts of Work and to utility service company 
installations in vicinity of Work.  Keep materials and equipment neatly and 
compactly stored in locations that will cause minimum inconvenience to 
other contractors, public travel, adjoining owners, tenants, and occupants.  
Arrange storage to provide easy access for inspection. 

3. Restrict storage to areas available on construction site for storage of 
material and equipment as shown on Drawings or approved by RPR. 

4. Provide off-site storage and protection when on-site storage is not 
adequate.  Provide addresses of and access to off-site storage locations for 
inspection by RPR. 

5. Do not use lawns, grass plots, or other private property for storage 
purposes without written permission of owner or other person in possession 
or control of premises. 

6. Store in manufacturers’ unopened containers. 

7. Neatly, safely, and compactly stack materials delivered and stored along 
line of Work to avoid inconvenience and damage to property owners and 
general public, and maintain at least 3 feet from fire hydrant.  Keep public, 
private driveways, and street crossings open. 

8. Repair or replace damaged lawns, sidewalks, streets, or other 
improvements to satisfaction of RPR.  Total length which materials may be 
distributed along route of construction at one time is 1,000 linear feet, 
unless otherwise approved in writing by the Engineer. 

C. Handling: 

1. Handle materials in accordance with manufacturer’s recommendations and 
requirements of these Specifications. 

2. Coordinate off-loading of materials and equipment delivered to job site.  If 
necessary to move stored materials and equipment during construction, 
relocate materials and equipment at no additional cost to Owner. 

3. Provide equipment and personnel necessary to handle products by 
methods to prevent damage to products or packaging. 

4. Provide additional protection during handling as necessary to prevent 
breaking, scraping, marring, or otherwise damaging products or 
surrounding areas. 

5. Handle products by methods to prevent over bending or over stressing. 

6. Lift heavy components only at designated lifting points. 

7. Do not drop, roll, or skid products off delivery vehicles.  Hand carry or use 
suitable materials handling equipment. 



PRODUCT DELIVERY, WHCRWA 

STORAGE, AND HANDLING CENTRAL PUMP STATION       
 

WHCRWA CENTRAL PUMP STATION  
PRODUCT DELIVERY, STORAGE, AND HANDLING 

01 65 50 - 4 OF 4 

3.2 STORAGE FACILITIES 

A. Temporary Storage Building (if required): 

1. Provide a weatherproof temporary storage building specifically for the 
purpose of providing for protection of products and equipment. 

a. Size building to accommodate anticipated storage items. 

2. Equip building with lockable doors and lighting, and provide electrical 
service for equipment space heaters and heating or ventilation as 
necessary to provide storage environments acceptable to specified 
manufacturers. 

3. Provide methods of storage of products and equipment off the ground. 

4. Provide this structure within 60 days after Notice to Proceed. 

a. Locate building on-site where shown on the Drawings or in location 
approved by RPR. 

b. Remove building from site prior to startup and demonstration period. 

3.3 FIELD QUALITY CONTROL 

A. Inspect Deliveries: 

1. Inspect all products or equipment delivered to the site prior to unloading. 

a. Reject all products or equipment that are damaged, used, or in any 
other way unsatisfactory for use on Project. 

B. Monitor Storage Area:  Monitor storage area to ensure suitable temperature and 
moisture conditions are maintained as required by manufacturer or as 
appropriate for particular items. 

END OF SECTION 
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SECTION 01 70 00 

EXECUTION AND CLOSEOUT REQUIREMENTS 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

Comply with requirements of the General Conditions and specified administrative 
procedures in closing out the Construction Contract. 

1.2 SUBMITTALS 

Submit affidavits and releases on forms according to 01 33 00 Submittals. 

1.3 SUBSTANTIAL COMPLETION 

A. Submit written notification that the work or designated portion of the work is 
substantially complete to the Engineer when the work is considered to be 
substantially complete per the General Conditions.  Include a list of the items 
remaining to be completed or corrected before the project will be considered to 
be complete. 

B. RPR and Engineer shall visit the project site to observe the work within a 
reasonable time after notification is received to determine the status of 
completion. 

C. RPR shall issue notification to the Contractor that the work is either 
substantially complete or that additional work must be performed before the 
project may be considered substantially complete. 

1. RPR shall notify the Contractor in writing of items that must be completed 
before the project can be considered substantially complete. 

a. Correct the noted deficiencies in the work. 

b. Issue a second written notice with a revised list of deficiencies when 
work has been completed.  

c. RPR and Engineer shall revisit the site and the procedure shall begin 
again. 

2. Engineer shall issue a tentative Certificate of Substantial Completion to the 
Owner when the project is considered to be substantially complete.  
Certificate shall include a tentative list of items to be corrected before final 
payment. 

a. Owner will review and revise the list of items and notify the Engineer of 
any objections or other items that are to be included in the list. 

b. Engineer shall prepare and send to the Contractor a definite Certificate 
of Substantial Completion with a revised tentative list of items to be 
corrected or completed. 
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c. Review the list and notify the Engineer in writing of any objections 
within 10 days of receipt of Certificate of Substantial Completion. 

1.4 FINAL INSPECTION 

A. Submit written certification when the project is complete and: 

1. Contract Documents have been reviewed. 

2. Work has been completed in compliance with the Contract Documents. 

3. Equipment and systems have been tested per Contract Documents and are 
fully operational. 

4. Final Operations and Maintenance Manuals have been provided to the 
Owner and all operators training has been completed. 

5. Specified spare parts and special tools have been provided. 

6. Work is complete and ready for final inspection. 

B. RPR and Engineer shall make an inspection with the Owner and appropriate 
regulatory agencies to determine the status of completeness within a 
reasonable time after the receipt of the Certificate. 

C. RPR shall issue notice that the project is complete or notify the Contractor that 
work is not complete or is defective. 

1. Submit the request for final payment with Closeout submittals described in 
Paragraph 1.07 if notified that the project is complete and the work is 
acceptable. 

2. Upon receipt of notification from the RPR or Engineer that work is 
incomplete or defective, take immediate steps to remedy the stated 
deficiencies.  Send a second certification to the RPR or Engineer when 
work has been completed or corrected. 

3. RPR and Engineer shall re-visit the site and the procedure will begin again. 

1.5 RE-INSPECTION FEES 

A. Pay fees to the Owner to compensate the RPR and Engineer for re-inspection 
of the work required by the failure of the work to comply with the claims of 
status of completion made by the Contractor. 

B. Owner may withhold the amount of these fees from the Contractor's final 
payment. 

C. Cost for additional inspections will be billed to the Owner by the RPR and 
Engineer for the actual hours required for the inspection and preparation of 
related reports in accordance with the rates in the Supplemental Conditions 

1.6 CLOSEOUT SUBMITTALS TO THE ENGINEER 

A. Record Drawings per Section 01 78 39 – Project Record Documents. 

B. Keys and keying schedule. 
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C. Warranties and bonds. 

D. Evidence of payment or release of liens is required by the General Conditions. 

E. Releases from property owners of land outside the easement which were used 
by the Contractor. 

F. Consent from Surety to Final Payment. 

G. Equipment installation reports on equipment. 

H. Shop drawings, record data, Operations and Maintenance Manuals, and other 
submittals as required by the Contract Documents. 

I. Specified spare parts and special tools. 

J. Certificates of Occupancy, operating certificates, or other similar releases 
required to allow the Owner unrestricted use of the work and access to services 
and utilities. 

K. Evidence of final, continuing insurance, and bond coverage as required by the 
Contract Documents. 

L. Compile Equipment List on USB flash drive in Microsoft Excel format for all 
equipment included in the Contract Documents. 

1.7 FINAL PAYMENT REQUEST 

A. Submit a preliminary final payment request.  This request is to include 
adjustments to the Contract Amount for: 

1. Approved Change Orders 

2. Allowances not previously adjusted by Change Order 

3. Unit prices 

4. Deductions for defective work that has been accepted by the Owner 

5. Penalties and bonuses 

6. Deductions for liquidated damages 

7. Deductions for re-inspection payments per Paragraph 1.05 

8. Other adjustments 

B. Engineer shall prepare a final Change Order, reflecting the approved 
adjustments to the contract amount which have not been covered by previously 
approved Change Orders. 

C. Submit the final Application for Payment per the General Conditions, including 
the final Change Order. 

1.8 TRANSFER OF UTILITIES 

A. Transfer utilities to the Owner when the Substantial Completion has been 
issued, final cleaning has been completed and the work has been accepted by 
the Owner. 
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B. Submit final meter readings for utilities and similar data as of the date the 
Owner occupied the work. 

1.9 WARRANTIES, BONDS, AND SERVICES AGREEMENTS 

A. Provide warranties, bonds, and service agreements required by Section 01 33 
00, Submittals, or by the individual sections of the specifications. 

B. The date for the start of warranties, bonds, and service agreements is 
established per the General Conditions. 

C. Compile warranties, bonds, and service agreements and review these 
documents for compliance with the Contract Documents. 

1. Each document is to be signed by the respective manufacturer, supplier, 
and subcontractor. 

2. Each document is to include: 

a. The product or work item description 

b. The firm, with the name of the principal, address, and telephone 
number 

c. Scope of warranty, bond or services agreement 

d. Date, duration, and expiration date for each warranty bond and service 
agreement 

e. Procedures to be followed in the event of a failure 

f. Specific instances that might invalidate the warranty or bond 

D. Submit two copies of each document to the Engineer for review and transmittal 
to the Owner. 

1. Submit duplicate sets. 

2. Documents are to be submitted on 8-1/2" x 11" paper, punched for a 
standard three-ring binder. 

3. Submit each set in a commercial quality three-ring binder with a durable 
and cleanable plastic cover.  The title "Warranties, Bonds, and Services 
Agreements", the project name and the name of the Contractor are to be 
typed and affixed to the cover. 

E. Submit warranties, bonds and services agreements: 

1. At the time of final completion and before final payment. 

2. Within 10 days after inspection and acceptance for equipment or 
components placed in service during the progress of construction. 

1.10 CLAIMS AND DISPUTES 

Claims and disputes must be resolved prior to recommendations of final payment.  
Acceptance and final payment by the Contractor will indicate that any outstanding 
claims or disputed issues have been resolved to the full satisfaction of the 
Contractor. 
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END OF SECTION
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SECTION 01 71 13 

MOBILIZATION 

 
PART 1 GENERAL 

1.1 SUMMARY 

 
A. Section Includes: 

1. Requirements for mobilization of personnel, equipment and materials at the 
work site and for other contract items that will be performed by the 
Contractor. 

 
1.2 PRICE AND PAYMENT PROCEDURES 
 

B. Mobilization payments will be included in monthly payment estimates upon 
written application by Contractor subject to the following provisions: 

1. Authorization for payment of 50 percent of that portion of Contract Price 
designated for mobilization will be made upon receipt and approval by 
Engineer of the following items, as applicable: 

a. Schedule of Values (Section 01 29 73). 

b. Special Conditions (Section 01 30 00), as required. 

c. Construction Schedule (Section 01 32 16). 

d. Submittal Procedure (Section 01 33 00). 

e. Site specific Storm Water Pollution Prevention Plan (SWPPP) and 
Notice of Intent (NOI) along with storm water application fee, if 
required. 

f. Contractor's Quality Control Plan (Section 01 43 00), if required. 

g. Establishment of a Field Office for Engineer meeting requirements 
of Section 01 50 00 - Temporary Facilities and Control. 

h. Plan for Control of Ground and Surface Water (Section 01 57 
23.02), if required. 

i. Dewatering plan, when required. 

 

2. Authorization for payment of the balance of that portion of Contract Price 
designated for mobilization will be made upon completion of the Work 
amounting to five percent of Original Contract Price. The amount of Contract 
Price designated for mobilization may not be applied in computing whether 
or not five percent of the Original Contract Price has been obtained. 
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3. Mobilization payments will be subject to retainage amounts stipulated in 
General Conditions of the Construction Contract. 

4. De-Mobilization/Re-Mobilization for project delaying items are included in the 
bid items for each of the Levels identified in this Section. Authorization for 
payment of 50 percent of that portion will be made after completely 
demobilizing from the site including, but not limited to securing the site, 
temporary restoration, and removal of construction equipment, personnel 
and construction materials. Authorization for payment of the remaining cost 
will be made after all construction equipment and materials are transported 
back to the construction site. Payment for the above will only be granted 
once and must be approved by Engineer. 

5. Relocation of Work area as needed to comply with the requirements of the 
Migratory Bird Treaty Act (See Specification Section 01 11 00) will be 
directed by Engineer at no separate pay. Work may continue in the vacated 
area at the end of the breeding season for migratory birds and/or the winter 
season for bald eagles. 

 

1.3 DE-MOBILIZATION AND RE-MOBILIZATION 
 

C. De-Mobilization/Re-Mobilization to be used at the direction of the Owner. 
Contractor shall discontinue Work and return at a later date to complete the 
Work. Contract Time will be suspended during the demobilized period, or 
additional time may be added to the Contract for the demobilized period, 
including time to temporarily restore the site, remove equipment, and to re-
mobilize. Contractor shall notify the Owner which items are anticipated to be 
repeated upon notice of de-mobilization and work conscientiously to minimize 
the repeated work. 

Payment also includes the effort to Re-mobilize, as directed by Owner, following 
the demobilized period of time. All equipment and materials, including traffic 
control, should be returned to the site and temporary restoration measures shall 
be removed. 

De-mobilization/Re-mobilization may be required prior to commissioning of the 
works. The Level of De-mobilization/Re-mobilization used, if required, shall be 
according to the following descriptions at the direction of the Owner: 

Level 1: Water availability for commissioning and testing. 

1) De-mobilize within 14 days of being notified if unable to commission and test 
the CPS. Coordinate with Engineer for the level of completion to attain before 
stopping Work 

2) Remove equipment and materials and other resources as necessary from 
the site. 
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3) Maintain site temporary offices, site security service, site fencing, site 
facilities, site equipment, insurance, bonding and any other items required to 
secure and maintain site infrastructure. 

4) Secure any open excavations. 

5) Secure site facilities including equipment and materials. 

6) Maintain coordination with the rescheduling of proposed Work with Engineer 
and sub contractors. 

7) Re-mobilize at the direction of the Engineer within 14 days of notification. 

. 

 

END OF SECTION 
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SECTION 01 73 20 

OPENINGS AND PENETRATIONS IN CONSTRUCTION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Methods of installing and sealing openings and penetrations in construction. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 05 50 00 - Metal Fabrications. 

4. Section 06 82 00 - Fiberglass Reinforced Plastic Fabrications. 

5. Section 07 62 00 - Flashing and Sheet Metal. 

6. Section 07 84 00 - Firestopping. 

7. Section 07 92 00 - Joint Sealants. 

8. Section 09 91 00 - Painting and Protective Coatings. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Welded and Seamless. 

c. A269, Standard Specification for Seamless and Welded Austenitic 
Stainless Steel Tubing for General Service. 

d. A312, Standard Specification for Seamless, Welded, and Heavily Cold 
Worked Austenitic Stainless Steel Pipes. 

e. A351, Standard Specification for Castings, Austenitic, for Pressure-
Containing Parts. 

f. A554, Standard Specification for Welded Stainless Steel Mechanical 
Tubing. 

g. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) 
or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. 

h. A666, Standard Specification for Annealed or Cold-Worked Austenitic 
Stainless Steel Sheet, Strip, Plate, and Flat Bar. 

i. A995, Castings, Austenitic-Ferritic (Duplex) Stainless Steel, for Pressure-
Containing Parts. 
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2. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC): 

1) Article 501, Class 1 Locations. 

b. 90A, Standard for Installation of Air Conditioning and Ventilating 
Systems. 

c. Sheet Metal and Air Conditioning Contractors' National Association 
(SMACNA). 

1.3 DEFINITIONS 

A. Corrosive Areas:  For the purpose of this specification section, the following 
areas are defined as corrosive: 

1. Chemical Facility including Bulk Storage 

2. Outgoing and Incoming Chemical Injection Stations. 

B. Hazardous Areas:  Areas shown in the Contract Documents as having Class I 
or Class II area classifications. 

C. Washdown Areas:  Areas having floor drains or hose bibbs. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements of the submittal 
process. 

2. For each structure provide dimensioned or scaled (minimum 1/8 IN = 1 FT) 
plan view drawings containing the following information: 

a. Vertical and horizontal location of all required openings and penetrations. 

b. Size of all openings and penetrations. 

c. Opening type. 

d. Seal type. 

3. Manufacturer's installation instructions for standard manufactured products. 

1.5 PROJECT CONDITIONS 

A. For purposes of this Project, the normal water table level is elevation 105 FT.  
The water table may be expected to fluctuate seasonally and the Contractor's 
accommodation for groundwater shall respond to seasonal effects. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Pipe Sleeves:   

1. Areas listed as Corrosive Areas in PART 1:   

a. Stainless steel, Type 316L. 
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b. Penetrations 24 IN DIA or less:  ASTM A269, ASTM A312 or ASTM 
A554, Schedule 40. 

c. Penetrations larger than 24 IN DIA:  Stainless steel, ASTM A666, 
Minimum 1/4 IN thickness. 

2. All other Areas: 

a. Steel, Hot-dipped galvanized after fabrication. 

b. Penetrations 24 IN DIA or less:  ASTM A53, Schedule 40. 

c. Penetrations larger than 24 IN DIA:  ASTM A36, Minimum 1/4 IN 
thickness. 

B. Backing Rod and Sealant:  See Specification Section 07 92 00. 

C. Modular Mechanical Seals: 

1. Acceptable manufacturers: 

a. Link-Seal. 

2. 316 stainless steel bolts, nuts and washers. 

D. Firestopping Material:  See Specification Section 07 84 00. 

E. Sheet Metal Sleeves:   

1. Areas listed as Corrosive Areas in PART 1:  Stainless steel:  ASTM A240, 
Type 316L. 

2. All other areas:  Galvanized steel:  ASTM A653, G90. 

3. Minimum 12 GA. 

F. Commercial Wall Castings: 

1. Ductile iron, ASTM A536. 

2. Grade equal to connecting piping system. 

PART 3 - EXECUTION 

3.1 FABRICATION 

A. Fabricate pipe sleeves in accordance with Specification Section 05 50 00. 

B. Fabricate sheet metal sleeves in accordance with Specification Section 07 62 
00. 

C. Provide waterstop plate/anchor flange for piping, ducts, castings and sleeves 
cast-in-place in concrete. 

1. For fabricated units, weld plate to sleeve, pipe, or ductwork. 

2. For commercial castings, cast water stop/anchor with wall pipe. 

3. Plate is to be same thickness as sleeve, pipe, casting or ductwork. 

4. For fabricated units, diameter of plate or flange to be 4 IN larger than 
outside diameter of sleeve, pipe or ductwork. 



OPENINGS AND PENETRATIONS IN CONSTRUCTION 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
OPENINGS AND PENETRATIONS IN CONSTRUCTION 

01 73 20 - 4 OF 8 

5. For commercial castings, waterstop/anchor size to be manufacturer 
standard. 

6. Provide continuous around entire circumference of sleeve, pipe, or 
ductwork. 

D. Factory or shop-coat painted components in accordance with Specification 
Section 09 91 00. 

3.2 INSTALLATION AND APPLICATION 

A. Firestopping materials used in fire-resistance rated construction shall be in full 
compliance with Specification Section 07 84 00. 

B. Seal openings and penetrations in non-fire-resistance-rated construction in 
accordance with Specification Section 07 92 00. 

C. Obtain prior approval from Engineer when any opening larger than 100 SQIN 
must be made in existing or newly completed construction. 

D. Perform HVAC penetrations in accordance with NFPA 90A. 

E. Perform electrical penetrations in accordance with NFPA 70, Article 501. 

F. When mechanical or electrical work cannot be installed as structure is being 
erected, provide and arrange for building-in of boxes, sleeves, insets, fixtures or 
devices necessary to permit installation later. 

1. Lay out chases, holes or other openings which must be provided in 
masonry, concrete or other work. 

G. Where pipes, conduits or ducts pass through floors in washdown areas, install 
sleeves with top 3 IN above finish floors. 

1. In non-washdown areas, install sleeves with ends flush with finished 
surfaces. 

H. Size sleeves, blockouts and cutouts which will receive sealant seal such that 
free area to receive sealant is minimized and seal integrity may be obtained. 

I. For insulated piping and ducts, size sleeves, blockouts and cutouts large 
enough to accommodate full thickness of insulation. 

J. Where pipes, conduits or ducts pass through grating, provide banding at the 
entire perimeter of the opening.  

1. Metal grating:  See Specification Section 05 50 00. 

2. FRP grating:  See Specification Section 06 82 00. 

K. Where pipes, conduits or ducts are removed where passing through grating:   

1. Metal grating:   

a. Provide banding at perimeter and cover opening with 1/4 IN plate of the 
same material of the grating.   

b. See Specification Section 05 50 00. 
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2. FRP grating:   

a. Provide full depth cover meeting same loading requirement as existing 
material or replace grating section.  

b. See Specification Section 06 82 00. 

L. Do not cut into or core drill any beams, joists, or columns. 

M. Do not install sleeves in beams, joists, or columns. 

N. Do not install recesses in beams, joists, columns, or slabs. 

O. Field Cutting and Coring: 

1. Saw or core drill with non-impact type equipment. 

2. Mark opening and drill small 3/4 IN or less holes through structure following 
opening outline. 

3. Sawcut opening outline on both surfaces. 

a. Knock out within sawcuts using impact type equipment. 

b. Do not chip or spall face of surface to remain intact. 

c. Do not allow any overcut with saw kerf. 

P. Precast-Prestressed Concrete Construction: 

1. Do not cut openings or core drill vertically or horizontally through stems of 
members. 

2. Do not locate or install sleeves or recess sleeves vertically or horizontally 
through or in stems of members. 

3. Cast openings and sleeves into flanges of units. 

4. Cast openings larger than 6 IN in diameter or 6 IN maximum dimension in 
units at time of manufacture. 

5. Cast openings smaller than 6 IN in diameter or 6 IN maximum dimensions in 
flanges of units at time of manufacture or field cut. 

Q. Where alterations are necessary or where new and old work join, restore 
adjacent surfaces to their condition existing prior to start of work. 

R. Where area is blocked out to receive sheet metal sleeve at later date: 

1. If blockout size is sufficient to allow placement, utilize dowels for interface of 
initially placed concrete and sleeve encasement concrete which is placed 
later. 

a. Size blockout based on sleeve size required plus 4 to 6 IN each side of 
sleeve for concrete encasement. 

b. Provide #4 dowels at 12 IN spacing along each side of blockout with 
minimum of two dowels required per side. 

2. If blockout size is not sufficient to allow placement of dowels, provide 
keyway along all sides of blockout. 
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a. Size blockout based on sleeve size required plus 2 to 4 IN each side of 
sleeve for concrete encasement. 

S. For interior wall applications where backer rod and sealant are specified, 
provide backer rod and sealant at each side of wall. 

T. Refer to Drawings for location of fire-rated walls, floors, and ceilings. 

1. Utilize firestopping materials and procedures specified in Specification 
Section 07 84 00 IN conjunction with scheduled opening type to produce the 
required fire rating. 

U. Use full depth expanding foam sealant for seal applications where single or 
multiple pipes, conduits, etc., pass through a single sleeve. 

V. Do not make duct or conduit penetrations below high water levels when 
entering or leaving tankage, wet wells, or other water holding structures. 

W. Modular Mechanical Seals: 

1. Utilize one seal for concrete thickness less than 8 IN and two seals for 
concrete, 8 IN thick or greater. 

2. Utilize two seals for piping 16 IN diameter and larger if concrete thickness 
permits. 

3. Install seals such that bolt heads are located on the most accessible side of 
the penetration. 

X. Backer Rod and Sealant: 

1. Install in accordance with Specification Section 07 92 00. 

2. Provide backer rod and sealant for modular mechanical seal applications. 

a. Apply on top side of slab penetrations and on interior, dry side wall 
penetrations. 

3.3 SCHEDULES 

A. General Schedule of Penetrations through Floors, Roofs, Foundation Base 
Slabs, Foundation Walls, Foundation Footings, Partitions and Walls for 
Ductwork, Piping, and Conduit: 

1. Provide the following opening and penetration types: 

a. Type A - Block out 2 IN larger than outside dimensions of duct, pipe, or 
conduits. 

b. Type B - Saw cut or line-drill opening.  Place new concrete with integrally 
cast sheet metal or pipe sleeve. 

c. Type C - Fabricated sheet metal sleeve or pipe sleeve cast-in-place.  
Provide pipe sleeve with water ring for wet and/or washdown areas. 

d. Type D - Commercial type casting or fabrication. 

e. Type E - Saw cut or line-drill opening.  Place new concrete with integrally 
cast pipe, duct or conduit spools. 
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f. Type F - Integrally cast pipe, duct or conduit. 

g. Type G - Saw cut or line-drill and remove area 1 IN larger than outside 
dimensions of duct, pipe or conduit. 

h. Type H - Core drill. 

i. Type I - Block out area.  At later date, place new concrete with integrally 
cast sheet metal or pipe sleeve. 

j. Type J - Grating Banding for any field cut openings. 

2. Provide seals of material and method described as follows. 

a. Category 1 - Modular Mechanical Seal. 

b. Category 2 - Roof curb and flashing according to SMACNA specifications 
unless otherwise noted on Drawings.  Refer to Specification Section 07 
62 00 and roofing Specification Sections for additional requirements. 

c. Category 3 - 12 GA sheet metal drip sleeve set in bed of silicon sealant 
with backing rod and sealant used in sleeve annulus. 

d. Category 4 - Backer rod and sealant. 

e. Category 5 - Full depth compressible sealant with escutcheons on both 
sides of opening. 

f. Category 6 - Full depth compressible sealant and flanges on both sides 
of opening.  Flanges constructed of same material as duct, fastened to 
duct and minimum 1/2 IN larger than opening. 

g. Category 7 - Full depth compressible sealant and finish sealant or full 
depth expanding foam sealant depending on application. 

h. Category 8 - Banding for all grating openings and banding and cover 
plate of similar materials for abandoned openings. 

3. Furnish openings and sealing materials through new floors, roofs, grating, 
partitions and walls in accordance with Schedule A, Openings and 
Penetrations for New Construction. 
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SCHEDULE A.  OPENINGS AND PENETRATIONS SCHEDULE 

FOR NEW CONSTRUCTION 
 

APPLICATIONS 

DUCTS PIPING CONDUIT 

OPENING 
TYPE 

SEAL 
CATEGORY 

OPENING 
TYPE 

SEAL 
CATEGORY 

OPENING 
TYPE 

SEAL 
CATEGORY 

Through floors with 
bottom side a 
hazardous location 

C 
F 
I 

7 
Not Req 

7 

D 
F 

I (1) 

Not Req 
Not Req 

7 

C 
F 

7 
Not Req 

Through floors on 
grade above water 
table 

C 
F 
I 

4 
Not Req 

4 

C 
F 

I (1) 

7 
Not Req 

7 

C 
F 

I (1) 

4 
Not Req 

7 

Through slab on 
grade below water 
table 

F Not Req F Not Req F Not Req 

Through floors in 
washdown areas 

C 
I 

4 
4 

C 
H (2) 
I (1) 

4 
3 
4 

F 
H (2) 
I (1) 

Not Req 
3 
7 

Through walls where 
one side is a 
hazardous area 

C 
F 
I 

7 
Not Req 

7 

D 
F 

I (1) 

Not Req 
Not Req 

7 

C 
F 

7 
Not Req 

Through exterior wall 
below grade above 
water table 

C 
F 
I 

7 
Not Req 

7 

C 
D 
F 

I (1) 

1 
Not Req 
Not Req 

1 

F 
I (1) 

Not Req 
7 

Through wall from 
tankage or wet well 
(above high water 
level) to dry well or 
dry area 

C 
F 
I 

7 
Not Req 

7 

C 
D 
F 

H (2) 

1 
Not Req 
Not Req 

1 

C 
F 

H (2) 
I (1) 

7 
Not Req 

7 
7 

Through wall from 
tankage or wet well 
(below high water 
level) to dry well or 
dry area 

F Not Req F Not Req F Not Req 

Through exterior wall 
above grade 

A 
B 
C 

6 
6 
6 

A 
B 
D 

H (2) 

5 
5 

Not Req 
5 

C 
H (2) 

5 
4 

Roof penetrations A 2 A 2 A 2 

Through interior walls 
and slabs not covered 
by the above 
applications 

A 
C 

4 
4 

A 
C 

4 
4 

A 
C 
F 

4 
4 

Not Req 

Grating openings and 
penetrations 

J 8 J 8 J 8 

 
 

END OF SECTION 
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SECTION 01 74 13 

CLEANING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes intermediate and final cleaning of Work, not including special 
cleaning of closed systems specified elsewhere. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

1.2 MEASUREMENT AND PAYMENT 

1. No separate payment will be made for cleaning under this Section.  Include 
payment in unit price for related sections. 

1.3 STORAGE AND HANDLING 

A. Store cleaning products and cleaning wastes in containers specifically designed 
for those materials. 

1.4 SCHEDULING 

A. Schedule cleaning operations so that dust and other contaminants disturbed by 
cleaning process will not fall on newly painted surfaces. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Cleaning Agents: 

1. Compatible with surface being cleaned. 

2. New and uncontaminated. 

3. For Manufactured Surfaces:  Material recommended by manufacturer. 
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PART 3 - EXECUTION 

3.1 CLEANING - GENERAL 

A. Prevent accumulation of wastes that create hazardous conditions. 

B. Conduct cleaning and disposal operations to comply with laws and safety 
orders of governing authorities. 

C. Do not dispose of volatile wastes such as mineral spirits, oil, or paint thinner in 
storm or sanitary drains or sewers. 

D. Dispose of degradable debris at an approved solid waste disposal site. 

E. Dispose of nondegradable debris at an approved solid waste disposal site or in 
an alternate manner approved by regulatory agencies. 

F. Handle materials in a controlled manner with as few handlings as possible. 

G. Do not drop or throw materials from heights greater than 4 FT or less than 4 FT 
if conditions warrant greater care. 

H. On completion of work, leave area in a clean, natural looking condition. 

1. Remove all signs of temporary construction and activities incidental to 
construction of required permanent Work. 

I. Do not burn on-site. 

3.2 INTERIOR CLEANING 

A. Cleaning During Construction: 

1. Keep work areas clean so as not to hinder health, safety or convenience of 
personnel in existing facility operations. 

2. At maximum weekly intervals, dispose of waste materials, debris, and 
rubbish. 

3. Vacuum clean interior areas when ready to receive finish painting. 

a. Continue vacuum cleaning on an as-needed basis, until Substantial 
Completion. 

b. Control dust in work areas of existing facilities. 

1) Provide protection to existing electrical and mechanical equipment 
as required to eliminate detrimental effects due to construction. 

2) Weekly check air handling filters in existing units having 
construction activities. 

a) Replace as necessary. 

3) At maximum monthly intervals, check interior of existing electric 
panels and vacuum if dust accumulation has occurred. 

4) At maximum weekly intervals, sweep all floors and pick up and 
dispose of all debris. 
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a) Use dust suppressant sweeping compound in areas open to areas 
of existing facility operations. 

B. Final Cleaning: 

1. Complete immediately prior to Demonstration Period. 

2. Remove grease, mastic, adhesives, dust, dirt, stains, fingerprints, labels, 
and other foreign materials from sight-exposed surfaces. 

3. Wipe all lighting fixture reflectors, lenses, lamps and trims clean. 

4. Wash and shine glazing and mirrors. 

5. Polish glossy surfaces to a clear shine. 

6. Ventilating systems: 

a. Clean permanent filters and replace disposable filters if units were 
operated during construction. 

b. Clean ducts, blowers and coils if units were operated without filters 
during construction. 

7. Replace all burned out lamps. 

8. Broom clean process area floors. 

9. Mop office and control room floors. 

3.3 EXTERIOR (SITE) CLEANING 

A. Cleaning During Construction: 

1. Construction debris: 

a. Confine in strategically located container(s): 

1) Cover to prevent blowing by wind. 

2) Store debris away from construction or operational activities. 

3) Haul from site minimum once a week. 

b. Remove from work area to container daily. 

c. Site clean-up prior to storm events.  Thoroughly clean site of all loose or 
unsecured items which may become airborne or transported by flowing 
water during storm events. 

2. Vegetation:  Keep weeds and other vegetation trimmed to 3 IN maximum 
height. 

a. The use of chemical weed control substances should be avoided unless 
prior Owner approval is received. 

3. Soils, sand, and gravel deposited on paved areas and walks: 

a. Remove as required to prevent muddy or dusty conditions. 

b. Do not flush into storm sewer system. 

B. Final Cleaning: 
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1. Remove trash and debris containers from site. 

a. Repair areas disturbed by location of trash and debris containers to 
Engineer’s satisfaction including but not limited to re-seeding, sod 
placement, pavement repair, asphalt repair, sidewalk repair, and rut 
removal and/or fill placement. 

2. Clean paved roadways. 

3.4 FIELD QUALITY CONTROL 

A. Immediately prior to Demonstration Period, conduct an inspection with RPR’s 
representative to verify condition of all work areas. 

END OF SECTION 
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SECTION 01 74 19 

WASTE MATERIAL DISPOSAL 

PART 1 - GENERAL 

1.1 SECTION INCLUDES 

A. Disposal of waste material and salvageable material. 

1.2 UNIT PRICES 

A. No separate payment will be made for waste material disposal under this 
Section.  Include payment in unit price for related sections. 

1.3 SUBMITTALS 

A. Conform to requirements of Section 01 33 00 - Submittal Procedures. 

B. Obtain and submit disposal permits for proposed disposal sites if required by 
local ordinances. 

C. Submit copy of written permission from property owner, with description of 
property, prior to disposal of excess material adjacent to Project.  Submit written 
and signed release from property owner upon completion of disposal work. 

PART 2 - PRODUCTS  (NOT USED) 

PART 3 - EXECUTION 

3.1 SALVAGEABLE MATERIAL 

A. Excavated Material:  When indicated on Drawings, load, haul, and deposit 
excavated material at location or locations shown on Drawings outside limits of 
Project. 

B. Other Salvageable Materials:  Conform to requirements of individual 
Specification Sections. 

C. Coordinate with the RPR loading of salvageable material. 

3.2 EXCESS MATERIAL 

A. Remove and legally dispose of vegetation, rubble, broken concrete, debris, 
asphaltic concrete pavement, excess soil, and other materials not designated 
for salvage from job site. 

B. Excess soil may be deposited on private property adjacent to Project when 
written permission is obtained from property owner.  See Paragraph 1.03B 
above. 



 WHCRWA 

WASTE MATERIAL DISPOSAL CENTRAL PUMP STATION       
 

WHCRWA CENTRAL PUMP STATION 
WASTE MATERIAL DISPOSAL 

01 74 19 - 2 OF 2 

C. Verify flood plain status of any proposed disposal site.  Do not dispose of 
excavated materials in area designated as within 100-year Flood Hazard Area 
unless the proper permit has been obtained.  Remove excess material placed in 
“100-year Flood Hazard Area” at no additional cost to the Owner. 

D. Remove waste materials from site daily, in order to maintain site in neat and 
orderly condition. 

END OF SECTION 
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SECTION 01 75 00 

FACILITY START-UP 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Procedures and actions, required of the Contractor, which are necessary to 
achieve and demonstrate Substantial Completion. 

2. Requirements for Substantial Completion Submittals. 

3. Disinfection of Water Main and Water-Storage Facilities. 

4. Owner personnel training. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 40 05 05 - Equipment:  Basic Requirements. 

4. Section 40 90 00 - Instrumentation for Process Control:  Basic 
Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 DEFINITIONS 

A. Pre-Demonstration Period: 

1. The period of time, of unspecified duration after initial construction and 
installation activities during which Contractor, with assistance from 
manufacturer's representatives, performs in the following sequence: 

a. Finishing type construction work to ensure the Project has reached a 
state of Substantial Completion. 

b. Equipment start-up 

c. Personnel training 

B. Demonstration Period:  A period of time, of specified duration, following the Pre-
Demonstration Period, during which the Contractor initiates process flow 
through the Project Classified System and starts up and operates the Project 
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Classified System, without exceeding specified downtime limitations, to prove 
the functional integrity of the mechanical and electrical equipment and 
components and the control interfaces of the respective equipment and 
components comprising the Project Classified System as evidence of 
Substantial Completion. 

C. Substantial Completion:  See Division 00. 

1.4 SUBMITTALS 

A. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

B. Submit in the chronological order listed below prior to the completion of the Pre-
Demonstration Period. 

1. Master operation and maintenance training schedule: 

a. Submit 30 days (minimum) prior to first training session for Owner's 
personnel. 

b. Schedule to include: 

1) Target date and time for Engineer witnessing of each system initial 
start-up. 

2) Target date and time for Operation and Maintenance training for 
each system, both field and classroom. 

3) Target date for initiation of Demonstration Period. 
c. Submit for review and approval by Owner. 

d. Include holidays observed by Owner. 

e. Attend a schedule planning and coordination meeting 90 calendar days 
prior to first anticipated training session. 

1) Provide a status report and schedule-to-complete for requirements 
prerequisite to manufacturer's training. 

2) Identify initial target dates for individual manufacturer's training 
sessions. 

f. Owner reserves the right to insist on a minimum seven (7) days' notice 
of rescheduled training session not conducted on master schedule 
target date for any reason. 

g. Schedule to be resubmitted until approved. 

2. Substantial Completion Submittal: 

a. File Contractor's Notice of Substantial Completion and Request for 
Inspection. 

b. Approved Operation and Maintenance manuals received by the 
Engineer minimum 1 week prior to scheduled training. 

c. Written request for Engineer to witness each system pre-demonstration 
start-up. Request to be received by Engineer minimum 1 week before 
scheduled training of Owner's personnel on that system. 

d. Equipment installation and pre-demonstration start-up certifications. 
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e. Letter verifying completion of all pre-demonstration start-up activities 
including receipt of all specified items from manufacturers or suppliers 
as final item prior to initiation of Demonstration Period. 

1.5  COST OF START-UP 

A. Contractor to pay all costs associated with Facility start-up. 

PART 2 - PRODUCTS - (NOT APPLICABLE TO THIS SECTION) 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Facility Start-up Divided into Two Periods: 

1. Pre-Demonstration Period including: 

a. Completion of construction work to bring Project to a state of 
Substantial Completion. 

b. Start-up of Equipment. 

c. Training of Personnel. 

d. Completion of the filing of all required submittals. 

e. Filing of Contractor's Notice of Substantial Completion and Request for 
Inspection. 

2. Demonstration Period including: 

a. Demonstration of functional integrity of facility. 

3.2 PRE-DEMONSTRATION PERIOD 

A. Completion of Construction Work: 

1. Complete the work to bring the project to a state of substantial completion. 

B. Equipment Start-up: 

1. Requirements for individual items of equipment are included in Divisions 02 
through 48 of these Specification Sections. 

2. Prepare the equipment so it will operate properly and safely and be ready to 
demonstrate functional integrity during the Demonstration Period. 

3. Perform Equipment Start-up to extent possible without introducing product 
flow. 

4. Test tanks, pumping and similar equipment requiring a fluid, using clean 
water supplied at Contractor's expense. 

5. Dispose of water used for Equipment Start-up. 

6. Introduce product flow to complete Equipment Start-up. 
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7. Procedures include but are not necessarily limited to the following: 

a. Test or check and correct deficiencies of: 

1) Power, control, and monitoring circuits for continuity prior to 
connection to power source. 

2) Voltage of all circuits. 
3) Phase sequence. 
4) Cleanliness of connecting piping systems. 
5) Alignment of connected machinery. 
6) Vacuum and pressure of all closed systems. 
7) Lubrication. 
8) Valve orientation and position status for manual operating mode. 
9) Tankage for integrity using clean water or product flow. 
10) Pumping equipment using clean water or product flow. 
11) Instrumentation and control signal generation, transmission, 

reception, and response. See Specification Section 40 90 00. 
12) Tagging and identification systems. 
13) All equipment:  Proper connections, alignment, calibration and 

adjustment. 
b. Calibrate all safety equipment. 

c. Manually rotate or move moving parts to assure freedom of movement. 

d. "Bump" start electric motors to verify proper rotation. 

e. Perform other tests, checks, and activities required to make the 
equipment ready for Demonstration Period. 

f. Documentation: 

1) Prepare a log showing each equipment item subject to this 
paragraph and listing what is to be accomplished during Equipment 
Start-up. Provide a place for the Contractor to record date and 
person accomplishing required work. Submit completed document 
before requesting inspection for Substantial Completion 
certification. 

2) See Appendix. 
8. Obtain certifications, without restrictions or qualifications, and deliver to the 

Engineer: 

a. Manufacturer's equipment installation check letters. 

b. Instrumentation Supplier's Instrumentation Installation Certificate. 

C. Cleanup: 

1. After successful demonstration, discontinue process flow, drain system and 
clean as necessary to achieve safe and sanitary conditions. 

D. Disinfection: 

1. This specification references the following publications in their current 
editions.  The publications listed below form a part of this specification to 
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the extent referenced.  The publications are referred to in the text by basic 
designation only.  

a. AWWA C651: Disinfecting Water Mains 

b. AWWA C655: Field Dechlorination 

c. Chapter 290 Sub-Chapter D: Rules and Regulations for Public Water 
Systems [Texas Commission on Environmental Quality (TCEQ)] 

d. Chapter 290 Sub-Chapter F: Drinking Water Standards Governing 
Drinking Water Quality and Reporting Requirements for Public Water 
Supply (TCEQ) 

2. Should water lines being disinfected connect to, or be onsite, of water 
storage facilities, the following standards shall be used as needed: 

a. AWWA C652: Disinfection of Water-Storage Facilities 

3. General: 

a. For large diameter water lines, clean the interior of the water lines and 
remove any and all foreign matter prior to disinfection and hydrostatic 
testing.  Disinfect all water lines before connecting to water distribution 
system. 

b. Water and chlorination chemicals for disinfection shall be furnished by 
the Contractor.  

c. Contractor shall conduct disinfection operations. 

4. Preparation: 

a. Provide temporary blind flanges, cast-iron sleeves, plugs, necessary 
service taps, copper service leads, risers and jumpers of sizes, location 
and materials, and other items needed to facilitate disinfection of new 
water lines. 

b. Use flushing hydrants as needed to complete disinfection of water lines. 
Where flushing hydrants are not available on water lines, install 
temporary blow-off valves as approved by the Engineer and remove 
upon successful completion of disinfection and testing.  

c. Furnish pump, pipe connections, and necessary apparatus, gauges, 
and meters.  Furnish necessary labor, assistance, and chlorinating 
agent for disinfection.  Prevent admission of contaminated water to 
previously disinfected lines.  If contaminated water is admitted to 
previously disinfected lines, disinfect those lines at no additional cost. 

d. Slowly fill each section of pipe with water in manner approved by the 
Engineer.  Average water velocity when filling pipeline should be less 
than one foot per second and shall not, under any circumstance, 
exceed 2 feet per second.  Before beginning disinfection operations, 
expel air from pipeline. 

e. Backfill excavations immediately after installation of risers or blow-offs. 

f. Install blow-off valves at end of water line to facilitate flushing of dead-
end water lines.  Install permanent blow-off valves according to Plans. 
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5. Disinfection by Contractor 

a. The following procedure shall be used for disinfection by Contractor: 

1) Disinfecting procedures to be in accordance with the requirements 
of AWWA C651 and as specified hereinafter.  Minimal chlorine 
dosage to be 100 parts of chlorine per million parts of water.  

2) Introduce chlorinating material to water lines in accordance with 
AWWA C651 Table 4 for the size of pipe indicated. 

3) After contact period of not less than 24 hours, flush system with 
clean water until residual chlorine is no greater than 1.0 part per 
million parts of water. 

4) Open and close valves in lines being disinfected several times 
during contact period. 

5) Chemical compound used disinfectant agent is to be placed in 
pipes as directed by the Engineer. 

6. Bacteriological Testing 

a. After disinfection of water lines is completed, perform bacteriological 
tests by testing laboratory in accordance with Section 01 45 24 - 
"Testing Laboratory Services." 

b. Samples are to be taken in accordance with requirements of AWWA 
C651 and Chapter 290 Sub-Chapters D and F. 

c. Bacterial analysis and other specific test requirements are to be in 
accordance with AWWA C651 and Chapter 290 Sub-Chapters D and F.  
Final test results will be submitted for final analysis and approval by 
TCEQ. Locations where samples are taken should be purged prior to 
taking of test samples. 

d. Acceptance and placement in service will be based on the approval of 
test results by the TCEQ.  If additional tests are required to comply with 
290 Sub-Chapters D and F, the Contractor shall develop the procedure 
that is to be completed in accordance with paragraph 3.03.  Additional 
testing is to be completed at no additional cost to the Owner. 

e. When test results indicate the need for additional disinfection of water 
lines based upon TCEQ requirements, additional disinfection operations 
shall be performed by the Contractor.  

7. Dechlorination of Disinfection Water 

a. Dechlorination operations are to be carried out in accordance with 
requirements of AWWA C655. 

8. Completion: 

a. Upon completion of disinfection and bacteriological testing, remove 
risers except those approved for use in subsequent hydrostatic testing, 
and backfill excavation promptly. 

E. Personnel Training: 

1. See individual equipment specification sections. 
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2. Conduct all personnel training after completion of Equipment Start-up for 
the equipment for which training is required. 

a. Personnel training on individual equipment or systems will not be 
considered completed unless: 

1) All pretraining deliverables are received and approved before 
commencement of training on the individual equipment or system. 

2) No system malfunctions occur during training. 
3) All provisions of field and classroom training specifications are met. 

b. Training not in compliance with the above will be performed again in its 
entirety by the manufacturer at no additional cost to Owner. 

3. Field and classroom training requirements: 

a. Hold classroom training on-site. 

b. Notify each manufacturer specified for on-site training that the Owner 
reserves the right to video record any or all training sessions. 

1)  Organize each training session in a format compatible with video 
recording. 

c. Training instructor:  Factory trained and familiar with giving both 
classroom and "hands-on" instructions. 

d. Training instructors: 

1) Be at classes on time. Session beginning and ending times to be 
coordinated with the Owner and indicated on the master schedule. 

2) Normal time lengths for class periods can vary, but brief rest breaks 
should be scheduled and taken. 

e. Organize training sessions into maintenance verses operation topics 
and identify on schedule. 

f. Plan for minimum class attendance of 20 people at each session and 
provide sufficient classroom materials, samples, and handouts for those 
in attendance. 

g. Instructors to have a typed agenda and well prepared instructional 
material. 

1) The use of visual aids, e.g., films, pictures, and slides is 
recommended for use during the classroom training programs. 

2) Deliver agendas to the RPR and Engineer a minimum of seven (7) 
days prior to the classroom training. 

3) Provide equipment required for presentation of films, slides, and 
other visual aids. 

h. In the on-site training sessions, cover the information required in the 
Operation and Maintenance manuals submitted according to 
Specification Section 01 33 00 and the following areas as applicable to 
project. 

1) Operation of equipment. 
2) Lubrication of equipment. 
3) Maintenance and repair of equipment. 
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4) Troubleshooting of equipment. 
5) Preventive maintenance procedures. 
6) Adjustments to equipment. 
7) Inventory of spare parts. 
8) Optimizing equipment performance. 
9) Capabilities. 
10) Operational safety. 
11) Emergency situation response. 
12) Takedown procedures (disassembly and assembly). 

i. Address above Paragraphs 1), 2), 8), 9), 10), and 11) in the operation 
sessions. 

1) Address above Paragraphs 3), 4), 5), 6), 7), and 12) in the 
maintenance sessions. 

j. Maintain a log of classroom training provided including:  Instructors, 
topics, dates, time, and attendance. 

F. Complete the filing of all required submittals: 

1. Shop Drawings. 

2. Operation and Maintenance Manuals. 

3. Training material. 

G. Filing of Contractor's Notice of Substantial Completion and Request for 
Inspection of Project: 

1. File the notice when the following have been completed: 

a. Construction work (brought to state of Substantial Completion). 

b. Equipment Start-up. 

c. Personnel Training. 

d. Submittal of required documents. 

2. Owner’s representative will review required submittals for completeness 
within five (5) calendar days of Contractor's notice. If complete, Owner’s 
representative will complete inspection of the Work, within 10 calendar days 
of Contractor's notice. 

3. Owner’s representative will inform Contractor in writing of the status of the 
Work reviewed, within 14 calendar days of Contractor's notice. 

a. Work determined not meeting state of Substantial Completion: 

1) Contractor:  Correct deficiencies noted or submit plan of action for 
correction within five (5) days of Owner’s representative's 
determination. 

2) Resident Project Representative:  Reinspect work within five (5) 
days of Contractor's notice of correction of deficiencies. 

3) Reinspection costs incurred by RPR will be billed to Owner who will 
deduct them from final payment due Contractor. 
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b. Work determined to be in state of tentative Substantial Completion:  
Engineer to prepare tentative “Certificate of Substantial Completion." 

c. Certificate of Substantial Completion: 

1) Certificate tentatively issued subject to successful Demonstration of 
functional integrity. 

2) Issued for Project as a whole. 
3) Issued subject to completion or correction of items cited in the 

certificate (punch list). 
4) Issued with responsibilities of Owner and Contractor cited. 
5) Executed by Engineer. 
6) Accepted by Owner. 
7) Accepted by Contractor. 

d. Upon successful completion of Demonstration Period, Engineer will 
endorse certificate attesting to the successful demonstration, and citing 
the hour and date of ending the successful Demonstration Period of 
functional integrity as the effective date of Substantial Completion. 

3.3 DEMONSTRATION PERIOD 

A. General: 

1. Demonstrate the functional integrity of the mechanical, electrical, and 
control interfaces of the respective equipment and components comprising 
the facility as evidence of Substantial Completion. 

2. Duration of Demonstration Period:  7 consecutive days.  

3. If, during the Demonstration Period, the aggregate amount of time used for 
repair, alteration, or unscheduled adjustments to any equipment or systems 
that renders the affected equipment or system inoperative (service 
interruptions) exceed 5 percent of the Demonstration Period, the 
demonstration of functional integrity will be deemed to have failed. In the 
event of failure, a new Demonstration Period will recommence after 
correction of the cause of failure. The new Demonstration Period shall have 
the same requirements and duration as the Demonstration Period 
previously conducted. 
 
Service interruptions will be discussed between the Contractor, Owner, and 
Engineer.  Whether or not service interruptions are included within the 
allowable inoperative period will be determined solely at the Engineer’s 
discretion.  

4. Conduct the demonstration of functional integrity under full operational 
conditions. 

5. Owner will provide operational personnel to provide process decisions 
affecting plant performance. Owner's assistance will be available only for 
process decisions. Contractor will perform all other functions including but 
not limited to equipment operation and maintenance until successful 
completion of the Demonstration Period. 
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6. Engineer reserves the right to simulate operational variables, equipment 
failures, routine maintenance scenarios, etc., to verify the functional 
integrity of automatic and manual backup systems and alternate operating 
modes. 

7. Time of beginning and ending any Demonstration Period shall be agreed 
upon by Contractor and Engineer in advance of initiating Demonstration 
Period. 

8. Throughout the Demonstration Period, provide knowledgeable personnel to 
answer Owner's and Engineer’s questions, provide final field instruction on 
select systems and to respond to any system problems or failures which 
may occur. 
a. Provide training in shifts to accommodate Owner’s employees’ 

schedules. 

b. Provide final field instruction as defined in the Attachment. 

c. Provide all labor, supervision, utilities, chemicals, maintenance, 
equipment, vehicles or any other item necessary to operate and 
demonstrate all systems being demonstrated. 

END OF SECTION 
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ATTACHMENT – TRAINING SCHEDULE 

SECTION TITLE 

TRAINING-30 
DAYS PRIOR TO 

PRE-
DEMONSTRATION 

PERIOD (Hours) 

TRAINING-30 
DAYS AFTER 

DEMONSTRATION 
PERIOD (Hours) 

# OF FIELD 
TRIPS 

REQUIRED 
(MINIMUM) COMMENTS  

Pumping 
Equipment: 
Submersible Non-
Clog 

2 2 1 

 

 
Pumping 
Equipment: 
Horizontal Split 
Case 

4 4 2 

 

 

Electro-Hydraulic 
Ball Valves 

2 2 2 
 

 
Motor Operated 
Valves: Butterfly 
Valves 

2 2 1 
 

 

Pressure 
Regulating Valves 

2 2 1 

 

 
Magnetic Flow 
Meters 

1 1 1 

 

 

Process Monitoring 
Control System 
(PMCS) 

16 8 2 

 

 
Computer Network 
and Human 
Machine Interface 
(HMI) Hardware 

8 8 2 

 

 
Configuration 
Requirements: 
Human Machine 
Interface (HMI) and 
Reports 

40 24 2 

 

 
Bridge Crane 
Systems 

1 0 1  

 

HVAC Equipment 1 0 1 
 

 

Variable Frequency 
Drives-Medium 
Voltage 

2 2 2 

 

 
Motor Control 
Centers 

2 2 2  
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SECTION 01 78 23 

OPERATIONS AND MAINTENANCE DATA 

PART 1 - GENERAL 

1.1 SECTION INCLUDES 

Submittal requirements for equipment and facility operating and maintenance 
manuals 

1.2 MEASUREMENT AND PAYMENT 

Value of approved equipment operations and maintenance manuals is 5 
percent of individual equipment value as indicated in Schedule of Unit Price 
Work or Schedule of Values.  This amount can be included in next progress 
payment after approval of submitted manual. 

1.3 SUBMITTALS 

A. Conform to requirements of Section 01 33 00 - Submittals.  Submit list of 
operation and maintenance manuals and parts manuals to be provided. 

B. Submit documents, bound in 8½- x 11-inch text pages, three-ring/D binders 
with durable plastic covers. 

C. Prepare binder covers with printed title “OPERATION AND MAINTENANCE 
INSTRUCTIONS,” title of project and subject matter of binder when multiple 
binders are required. 

D. Internally subdivide binder contents with permanent page dividers, logically 
organized as described below; with tab titling clearly printed under reinforced 
laminated plastic tabs. 

E. Contents:  Prepare Table of Contents for each volume, with each Product or 
system description identified. 

1. Part 1:  Directory, listing names, addresses, and telephone numbers of 
Architect/Engineer, Contractor, Subcontractors, and major equipment 
suppliers. 

2. Part 2:  Operation and maintenance instructions, arranged by system.  
For each category, identify names, addresses, and telephone numbers 
of subcontractors and suppliers. Identify the following: 

a. Significant design criteria 

b. List of equipment 

c. Parts list for each component 

d. Operating instructions 
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e. Maintenance instructions for equipment and systems 

f. Maintenance instructions for special finishes, including 
recommended cleaning methods and materials and special 
precautions identifying detrimental agents 

3. Part 3:  Project documents and certificates, including following: 

a. Shop drawings and product data 

b. Air and water balance reports 

c. Certificates 

d. Photocopies of warranties 

F. Within 1 month prior to placing equipment or facility in service, submit one 
original and two copies of operation and maintenance manual and parts 
manual for review. 

G. Submit one original and two copies of completed volumes in final form 10 days 
prior to final inspection.  Those will be returned after final inspection, with 
Engineer’s comments.  Revise content of documents as required prior to final 
submittal. 

H. Revise and resubmit final volumes (three each) within 10 days after final 
inspection. 

1.4 EQUIPMENT OPERATION AND MAINTENANCE DATA 

A. Furnish operation and maintenance manuals for equipment.  Operation and 
maintenance manual must contain all information required for the Owner to 
operate, maintain, and repair equipment.  Manual must be prepared by 
equipment manufacturer, furnished to Engineer and, as minimum, contain 
following: 

1. Equipment functions, normal operating characteristics and limiting 
conditions. 

2. Assembly, installation, alignment, adjustment, and checking 
instructions. 

3. Operating instructions for start-up, normal operation, regulation and 
control, normal shutdown and emergency shutdown. 

4. Lubrication and detailed maintenance instructions.  Maintenance 
instructions are to include detailed drawings giving location of each 
maintainable part and lubrication point and detailed instructions on 
disassembly and reassembly of equipment. 

5. Troubleshooting guide. 

6. Complete spare parts list with predicted life of parts subject to wear, 
lists of spare parts recommended on hand for both initial start-up and 
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for normal operating inventory, and local or nearest source of spare 
parts availability. 

7. Outline, cross-section, and assembly drawings; engineering data; wiring 
diagram. 

8. Test data and performance curves. 

B. Furnish parts manuals for equipment.  Manual must be prepared by equipment 
manufacturers, furnished to Project Manager and, as minimum, contain 
following: 

1. Detailed drawings giving location of each maintainable part 

2. Complete spare parts list with predicted life of parts subject to wear, 
lists of spare parts recommended on hand for both initial start-up and 
for normal operating inventory, and local or nearest source of spare 
parts availability 

PART 2 – PRODUCTS (NOT USED) 

PART 3 – EXECUTION (NOT USED) 
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SECTION 01 78 39 

PROJECT RECORD DOCUMENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Maintenance and Samples. 

2. Recording. 

3. Submittals. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 – Bidding and Contracting Requirements. 

2. Division 01 – General Requirements. 

1.2 MAINTENANCE OF DOCUMENTS AND SAMPLES 

A. Maintain one record copy of documents at site. 

B. Store Record Documents and samples in field office when field office is 
required by Contract, or in secure location.  Provide files, racks, and secure 
storage for Record Documents and samples. 

C. Label each document “PROJECT RECORD” in neat, large, printed letters. 

D. Maintain Record Documents in clean dry and legible condition.  Do not use 
Record Documents for construction purposes. 

E. Keep Record Documents and Samples available for inspection by RPR.  

F. Bring Record Drawings to progress review meetings for viewing by RPR. 

1.3 RECORDING 

A. Record information concurrently with construction progress.  Do not conceal 
Work until required information is recorded. 

B. Contract Drawings:  Legibly mark each item to record actual construction, or “as 
built” conditions, including: 

1. Measured depths of elements of foundation in relation to finish first floor 
datum. 

2. Measured horizontal locations and elevations of underground utilities and 
appurtenances, referenced to permanent surface improvements. 

3. Elevations of underground utilities referenced to bench mark utilized for 
Project. 

4. Measured locations of internal utilities and appurtenances concealed in 
construction, referenced to visible and accessible features of construction. 
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5. Field changes of dimension and detail. 

6. Modifications made by Change Order. 

7. Details not on original Contract Drawings. 

8. References to related shop drawings and modifications. 

C. Maintain on site at all times an instrument for accurately measuring elevations.  
Survey every joint of water main at time of construction and record on drawings 
water main invert elevation, including elevation top of manway and centerline 
horizontal location relative to baseline. 

D. Record information with red felt-tip marking pen on set of blue line opaque 
drawings. 

E. Legibly mark Record Drawings to record: 

1. Manufacturer, trade name, catalog number, and supplier of each product 
and item of equipment actually installed. 

2. Changes made by Change Order or Field Order. 

3. Other matters not originally specified. 

F. Legibly annotate shop drawings to record changes made after review. 

1.4 SUBMITTALS 

A. At Contract closeout, deliver Project Record Documents to Engineer. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

END OF SECTION 
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SECTION 01 81 10 

WIND AND SEISMIC DESIGN CRITERIA 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section is intended to be used for all aspects of this project.  When there 
are conflicts between this Section and other wind and seismic design criteria 
given in the Contract Documents, the more stringent loading shall control 
unless clarified in writing during the Bid phase.  Obtain clarification of all 
conflicts in writing prior to construction. 

B. Section Includes: 

1. The wind and seismic design criteria for this project including all items 
directly specified in the Contract Documents as well as all items that are 
specified to be designed by the Contractor and submitted for approval.  
Items include but are not necessarily limited to the following: 

a. Anchorage of mechanical and electrical equipment. 

b. Anchorage of pipe support structures. 

c. Design and anchorage of tanks and vessels fabricated off site and 
shipped to Project site. 

d. Other structures or items as specified or indicated in the Contract 
Documents. 

C. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 15 19 - Anchorage to Concrete. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Civil Engineers (ASCE): 

a. 7-10, Minimum Design Loads for Buildings and Other Structures. 

2. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

3. When referenced standards conflict the most stringent shall apply unless 
specifically indicated otherwise in the Contract Documents or unless 
approved otherwise in writing by the Engineer. 

B. Qualifications: 
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1. Engineer for Contractor designed items:  Professional Engineer licensed in 
the State of Texas. 

1.3 GENERAL DESIGN CRITERIA 

A. This paragraph is applicable to both wind and seismic design criteria. 

B. Design in accordance with the requirements of the Building Code and all 
applicable referenced standards. 

C. Risk Category:  

1. Maintenance Building:  II. 

2. All other facilities:  IV. 

D. Design in accordance with the Building Code load combinations for service 
level or factored level at Contractor’s option. 

1. Mechanical and electrical equipment loads will be considered dead loads. 

1.4 SEISMIC DESIGN CRITERIA 

A. Seismic Design Load Criteria: 

1. Design spectral acceleration at short period:  SDS = 0.076g. 

2. Design spectral acceleration at 1-second period:  SD1 = 0.061g. 

3. Importance Factor:  Ie = 1.5. 

4. Seismic Design Category:  A. 

5. Component or system amplification factor, (aP) and Component response 
modification factor, (RP):  In accordance with ASCE 7-10, Tables_13.5-1 and 
13.6-1. 

6. Component importance factor: 

a. Structure/component name:  IP = 1.50. 

b. All other components:  IP = 1.00. 

B. Seismic forces must be resisted by direct load transfer through fasteners to all 
seismic resisting elements.  Do not use connections that use friction to transfer 
seismic forces. 

1.5 WIND DESIGN CRITERIA 

A. Wind design load criteria: 

1. Ultimate wind speed:  150MPH. 

2. Exposure category:  C. 

3. Topographic factor:  Kzt = 1.0. 

4. Wind importance factor:  Iw = Not Applicable. 

5. Building Description for wind design is Closed. 
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B. Wind forces must be resisted by direct load transfer through fasteners to wind 
resisting elements.  Do not use connections that use friction to transfer wind 
forces. 

1.6 SUBMITTALS 

A. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Structural Calculations: 

a. Submit calculations for each Contractor designed item under the 
Specification Section number for that item. 

b. Indicate compliance with specific referenced documents of the Building 
Code. 

c. Provide basis of design and lateral analysis as required to derive all 
loads and to show system stability including compatibility of deflections 
and compatibility with allowable soil parameters as applicable. 

d. Indicate design load to each connection. 

e. Provide a complete lateral load resisting system that transfers all wind 
and seismic loads through a load path to ground. 

f. Sealed by a professional engineer licensed in the State the project is 
located in. 

PART 2 - PRODUCTS - (NOT APPLICABLE TO THIS SPECIFICATION SECTION) 

PART 3 - EXECUTION - (NOT APPLICABLE TO THIS SPECIFICATION SECTION) 

END OF SECTION
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SECTION 02 41 13.13
REMOVING EXISTING PAVEMENTS AND STRUCTURES

PART 1 - GENERAL

1.1 SUMMARY 
A. Section Includes

1. Removing concrete paving, asphaltic concrete pavement, brick pavement, 
and base courses.

2. Removing concrete curbs, concrete curbs and gutters, sidewalks, and 
driveways.

3. Removing pipe culverts, sewers, and sewer leads.
4. Removing existing inlets and manholes.
5. Regulatory Requirements

B. Related Specifications Sections include but are not necessarily limited to:
1. Division 00 – Bidding Requirements Contract Forms and Conditions of the 

Contract
2. Division 01 – General Requirements

1.2 MEASUREMENT AND PAYMENT
A. Unit Price. No separate payment will be made for this item.  Include the cost in 

associated items for this project.
B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 

payment for Work in this Section is included in total Stipulated Price.
1.3 REGULATORY REQUIREMENTS

A. Conform to applicable codes for disposal of debris.
B. Coordinate removal work with utility companies.

PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION

3.1 PREPARATION
A. Obtain advance approval from Owner’s Representative for dimensions and 

limits of removal work.
B. Identify known utilities below grade.  Stake and flag locations.
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3.2 PROTECTION
A. Protect following from damage or displacement:

1. Adjacent public and private property.
2. Trees, plants, and other landscape features designated to remain.
3. Utilities designated to remain.
4. Pavement and utility structures designated to remain.
5. Bench marks, monuments, and existing structures designated to remain.

3.3 REMOVALS
A. Remove pavements and structures by methods that will not damage 

underground utilities.  Do not use drop hammer near existing underground 
utilities.

B. Minimize amount of earth loaded during removal operations.
C. Where existing pavement is to remain, make straight saw cuts in existing 

pavement to provide clean breaks prior to removal.  Do not break concrete 
pavement or base with drop hammer unless concrete or base has been saw cut 
to minimum depth of 2 inches.

D. When street and driveway saw cut location is greater than one-half of pavement 
lane width, remove pavement for full lane width or to nearest longitudinal joint 
as directed by Owner’s Representative.

E. Remove sidewalks and curbs to nearest existing dummy, expansion, or 
construction joint.

3.4 BACKFILL
A. Backfill of removal areas shall be in accordance with requirements of applicable 

specification section and as indicated on the drawings.
3.5 DISPOSAL

A. Remove from site, debris resulting from work under this section in accordance 
with requirements of applicable specification section.

END OF SECTION
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SECTION 03 05 05 

CONCRETE TESTING AND INSPECTION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Contractor requirements for testing of concrete and grout. 

2. Definition of Owner provided testing. 

3. Acceptance criteria for concrete. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 21 00 - Reinforcement. 

4. Section 03 31 30 - Concrete, Materials and Proportioning. 

5. Section 03 31 31 - Concrete Mixing, Placing, Jointing and Curing. 

6. Section 03 41 33 - Precast and Prestressed Concrete. 

7. Section 03 45 00 – Architectural Precast Concrete. 

1.2 RESPONSIBILITY AND PAYMENT 

A. Owner will hire an independent Testing Agency/Service Provider to perform the 
following testing and inspection and provide test results to the Engineer and 
Contractor. 

1. Testing and inspection of concrete and grout produced for incorporation into 
the work during the construction of the Project for compliance with the 
Contract Documents. 

2. Additional testing or retesting of materials occasioned by their failure, by test 
or inspection, to meet requirements of the Contract Documents. 

3. Strength testing on concrete required by the Engineer or Special Inspector 
when the water-cement ratio exceeds the water-cement ratio of the typical 
test cylinders. 

4. In-place testing of concrete as may be required by Engineer when strength 
of structure is considered potentially deficient. 

5. Other testing services needed or required by Contractor such as field curing 
of test specimens and testing of additional specimens for determining when 
forms, form shoring or reshoring may re removed. 

6. Owner will pay for services defined in Paragraph 1.2A.1. 

7. See Specification Section 01 30 00. 
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B. Hire a qualified testing agency to perform the following testing and provide test 
results to the Engineer. 

1. Testing of materials and mixes proposed by the Contractor for compliance 
with the Contract Documents and retesting in the event of changes. 

2. Additional testing and inspection required because of changes in materials 
or proportions requested by Contractor. 

3. Pay for services defined in Paragraphs 1.2B.1. and 1.2B.2. 

4. Reimburse Owner for testing services defined in Paragraphs 1.2A.2., 
1.2A.3., 1.2A.4. and 1.2A.5. 

5. See Specification Section 01 30 00. 

C. Duties and Authorities of Testing Agency/Service Provider: 

1. Any Testing Agency/Service Provider or agencies and their representatives 
retained by Contractor or Owner for any reason are not authorized to 
revoke, alter, relax, enlarge, or release any requirement of Contract 
Documents, nor to reject, approve or accept any portion of the Work. 

2. Testing Agency/Service Provider shall inform the Contractor and Engineer 
regarding acceptability of or deficiencies in the work including materials 
furnished and work performed by Contractor that fails to fulfill requirements 
of the Contract Documents. 

3. Testing Agency to submit test reports and inspection reports to Engineer 
and Contractor immediately after they are performed. 

a. All test reports to include exact location in the work at which batch 
represented by a test was deposited. 

b. Reports of strength tests to include detailed information on storage and 
curing of specimens prior to testing. 

4. Owner retains the responsibility for ultimate rejection or approval of any 
portion of the Work. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. 318, Building Code Requirements for Structural Concrete. 

2. ASTM International (ASTM): 

a. ASTM Cement and Concrete Reference Laboratory (CCRL). 

b. C31, Standard Practice for Making and Curing Concrete Test Specimens 
in the Field. 

c. C39, Standard Test Method for Compressive Strength of Cylindrical 
Concrete Specimens. 
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d. C42, Standard Test Method for Obtaining and Testing Drilled Cores and 
Sawed Beams of Concrete. 

e. C94, Standard Specification for Ready-Mixed Concrete. 

f. C138, Standard Test Method for Density (Unit Weight), Yield, and Air 
Content (Gravimetric) of Concrete. 

g. C143, Standard Test Method for Slump of Hydraulic-Cement Concrete. 

h. C172, Standard Practice for Sampling Freshly Mixed Concrete. 

i. C173, Standard Test Method for Air Content of Freshly Mixed Concrete 
by the Volumetric Method. 

j. C231, Standard Test Method for Air Content of Freshly Mixed Concrete 
by the Pressure Method. 

k. C1019, Standard Test Method for Sampling and Testing Grout. 

l. C1218, Standard Test Method for Water-Soluble Chloride in Mortar and 
Concrete. 

m. E329, Standard Specification for Agencies Engaged in Construction 
Inspection, Testing, or Special Inspection. 

B. Qualifications: 

1. Contractor’s Testing Agency: 

a. Meeting requirements of ASTM E329 and ASTM C94. 

b. Provide evidence of recent inspection by CCRL of NBS, and correction 
of deficiencies noted. 

C. Use of Testing Agency and approval by Engineer of proposed concrete mix 
design shall in no way relieve Contractor of responsibility to furnish materials 
and construction in full compliance with Contract Documents. 

1.4 DEFINITIONS 

A. Testing Agency/Service Provider:  An independent professional 
testing/inspection firm or service hired by Contractor or by Owner to perform 
testing, inspection or analysis services as directed, and as provided in the 
Contract Documents. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Concrete materials and concrete mix designs proposed for use. 

1) Include results of all testing performed to qualify materials and to 
establish mix designs. 

2) Place no concrete until approval of mix designs has been received in 
writing. 
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3) Submittal for each concrete mix design to include: 

a) Sieve analysis and source of fine and coarse aggregates. 

b) Test for aggregate organic impurities. 

c) Proportioning of all materials. 

d) Type of cement with mill certificate for the cement. 

e) Brand, quantity and class of fly ash proposed for use along with 
other submittal data as required for fly ash by Specification 
Section 03 31 30. 

f) Slump. 

g) Brand, type and quantity of air entrainment and any other 
proposed admixtures. 

h) Shrinkage test results. 

i) Total water soluble chloride ion concentration in hardened 
concrete from all ingredients determined per ASTM C1218. 

j) 28-day compression test results and any other data required by 
Specification Section 03 31 30 to establish concrete mix design. 

3. Certifications: 

a. Testing Agency qualifications. 

PART 2 - PRODUCTS - (NOT APPLICABLE TO THIS SPECIFICATION SECTION) 

PART 3 - EXECUTION 

3.1 TESTING SERVICES TO BE PERFORMED SERVICE PROVIDER/TESTING 
AGENCY 

A. The following concrete testing will be performed by the Service Provider/Testing 
Agency: 

1. Concrete strength testing: 

a. Secure concrete samples in accordance with ASTM C172. 

1) Obtain each sample from a different batch of concrete on a random 
basis, avoiding selection of test batch other than by a number 
selected at random before commencement of concrete placement. 

b. For each strength test, mold and cure cylinders from each sample in 
accordance with ASTM C31. 

1) Record any deviations from requirements on test report. 

2) Cylinder size:  Per ASTM C31. 

a) 4 IN cylinders shall not be used for concrete mixes with maximum 
aggregate size larger than 1 IN. 

b) Use the same size cylinder for all tests for each concrete mix. 
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3) Quantity: 

a) 6 IN DIA by 12 IN high:  Five (5) cylinders. 

b) 4 IN DIA by 8 IN high:  Six (6) cylinders. 

c. Field cure one (1) cylinder for the seven (7) day test. 

1) Laboratory cure the remaining. 

d. Test cylinders in accordance with ASTM C39. 

1) 6 IN DIA cylinders: 

a) Test two (2) cylinders at 28 days for strength test result and the 
one (1) field cured sample at seven (7) days for information. 

b) Hold remaining cylinders in reserve. 

2) 4 IN DIA cylinders: 

a) Test three (3) cylinders at 28 days for strength test result and the 
one (1) field cured cylinder at seven (7) days for information. 

b) Hold remaining cylinders in reserve. 

e. Strength test result: 

1) Average of strengths of two (2) 6 IN DIA cylinders or three (3) 4 IN 
DIA cylinders from the same sample tested at 28 days. 

2) If one (1) cylinder in a test manifests evidence of improper sampling, 
molding, handling, curing, or testing, discard and test reserve 
cylinder(s); average strength of remaining cylinders shall be 
considered strength test result. 

3) Should all cylinders in any test show any of above defects, discard 
entire test. 

f. Frequency of tests: 

1) Concrete sand cement grout:  One (1) strength test for each 4 HR 
period of grout placement or fraction thereof. 

a) Test grout in accordance with ASTM C1019. 

2) Concrete topping, concrete fill and lean concrete:  One (1) strength 
test for each 10 CY of each type of concrete or fraction thereof 
placed. 

3) Precast concrete:  Frequency per Specification Section 03 41 33. 

4) All other concrete: 

a) One (1) strength test to be taken not less than once a day, nor 
less than once for each 60 CY or fraction thereof placed in any 
one (1) day. 

b) Once for each 5000 SQ FT of slab or wall surface area placed 
each day 



CONCRETE TESTING AND INSPECTION 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
CONCRETE TESTING AND INSPECTION 

03 05 05 - 6 OF 12 

c) If total volume of concrete on Project is such that frequency of 
testing required in above paragraph will provide less than five (5) 
strength tests for each concrete mix, tests shall then be made 
from at least five (5) randomly selected batches or from each 
batch if fewer than five (5) batches are provided. 

2. Slump testing: 

a. Determine slump of concrete sample for each strength test. 

1) Determine slump in accordance with ASTM C143. 

b. If consistency of concrete appears to vary, the Engineer or Owner’s 
Representative shall be authorized to require a slump test for each 
concrete truck. 

1) This practice shall continue until three consecutive batches are 
determined to be consistent and meet the slump requirements 
specified. 

3. Air content testing:  Determine air content of concrete sample for each 
strength test in accordance with either ASTM C231, ASTM C173, or ASTM 
C138. 

4. Temperature testing:  Determine temperature of concrete sample for each 
strength test. 

5. In-place concrete testing (if required). 

3.2 SPECIAL INSPECTIONS 

A. See Section 01 45 33. 

1. Special Inspections listed are for the Contractor reference only and is not 
part of the Contract Documents. 

2. It is included to assist the Contractor in understanding the Owner-provided 
Services so that those services may be factored into the Contractor’s pricing 
and schedule. 

B. Formwork Special Inspections: 

1. Shape, location, and dimensions. 

a. Inspect in accordance with dimensions and details on Drawings. 

b. Frequency:  Inspect prior to each concrete pour. 

C. Reinforcing Special Inspections: 

1. Reinforcing size, spacing, lap length and concrete cover. 

a. Inspect in accordance with Drawings and Specification. 

b. Frequency:  Inspect prior to each concrete pour. 

2. Reinforcing adhesive anchoring system: 

a. Inspect in accordance with ICC-ES report. 

b. Frequency: 
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1) Inspect all adhesive anchors for the first 4 HRS of installation. 

2) Inspect approximately 25 percent of adhesive anchors thereafter. 

3) Additional inspection will be required for different installer or if the 
quality of installation appears to vary. 

3. Mechanical splices: 

a. Inspect in accordance with ICC-ES report. 

b. Frequency: 

1) Inspect all mechanical splices prior to placing concrete 

2) Additional inspection will be required for different installer or if the 
quality of installation appears to vary. 

D. Mixing, Placing, Jointing, and Curing Special Inspections: 

1. Perform concrete tests per the requirements of this Specification Section. 

2. Verification of proper mix design. 

a. Frequency:  Periodically, prior to concrete pour. 

3. Proper concrete placement techniques. 

a. Inspect per requirements of Section 03 31 31. 

b. Frequency:  During each concrete pour. 

4. Proper curing temperature and techniques. 

a. Inspect per requirements of Section 03 31 31. 

b. Frequency:  Periodically, but not less than every third day. 

5. Joints: 

a. Inspect joints for proper joint type, dimensions, reinforcing, dowel 
alignment, surface preparation and location. 

b. Frequency:  Prior to each concrete pour. 

6. Waterstops: 

a. Visually inspect waterstops for proper location, continuity, installation to 
prevent displacement, cleanliness and damage to waterstop. 

b. Frequency:   

1) Prior to each concrete pour. 

E. Anchorage to Concrete Special Inspection: 

1. Post installed anchors as required by the Building Code, ICC-ES Evaluation 
Reports, and as specified by the Engineer. 

a. Frequency:  Per ICC-ES Report. 

2. Cast-in-place concrete anchors, including anchor size, embedment, material 
and location. 

a. Frequency:  Prior to each concrete pour. 
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3.3 SAMPLING ASSISTANCE AND NOTIFICATION FOR OWNER 

A. To facilitate testing and inspection, perform the following: 

1. Furnish any necessary labor to assist Testing Agency in obtaining and 
handling samples at site. 

2. Provide and maintain for sole use of Testing Agency adequate facilities for 
safe storage and proper curing of test specimens on site for first 24 HRS as 
required by ASTM C31. 

3. Take samples at point of placement into concrete member. 

B. Notify Owner's Testing Agency sufficiently in advance of operations (minimum 
of 24 HRS) to allow for assignment of personnel and for scheduled completion 
of quality tests. 

3.4 ACCEPTANCE 

A. Completed concrete work which meets applicable requirements will be 
accepted without qualification. 

B. Completed concrete work which fails to meet one or more requirements but 
which has been repaired to bring it into compliance will be accepted without 
qualification. 

C. Completed concrete work which fails to meet one or more requirements and 
which cannot be brought into compliance may be accepted or rejected as 
provided in these Contract Documents. 

1. In this event, modifications may be required to assure that concrete work 
complies with requirements. 

2. Modifications, as directed by Engineer, to be made at no additional cost to 
Owner. 

D. Dimensional Tolerances: 

1. Formed surfaces resulting in concrete outlines smaller than permitted by 
tolerances shall be considered potentially deficient in strength and subject to 
modifications required by Engineer. 

2. Formed surfaces resulting in concrete outlines larger than permitted by 
tolerances may be rejected and excess material subject to removal. 

a. If removal of excess material is permitted, accomplish in such a manner 
as to maintain strength of section and to meet all other applicable 
requirements of function and appearance. 

3. Concrete members cast in wrong location may be rejected if strength, 
appearance or function of structure is adversely affected or misplaced items 
interfere with other construction. 

4. Inaccurately formed concrete surfaces exceeding limits of tolerances and 
which are exposed to view, may be rejected. 

a. Repair or remove and replace if required. 
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5. Finished slabs exceeding tolerances may be required to be repaired 
provided that strength or appearance is not adversely affected. 

a. High spots may be removed with a grinder, low spots filled with a 
patching compound, or other remedial measures performed as permitted 
or required. 

E. Appearance: 

1. Concrete surfaces exposed to view with defects which, in opinion of 
Engineer, adversely affect appearance as required by specified finish shall 
be repaired by approved methods. 

2. Concrete not exposed to view is not subject to rejection for defective 
appearance unless, in the opinion of the Engineer, the defects impair the 
long-term strength or function of the member. 

F. High Water-Cement Ratio: 

1. Concrete with water in excess of the specified maximum water-cement ratio 
will be rejected. 

2. Remove and replace concrete with high water-cement ratio or make other 
corrections as directed by Engineer. 

G. Strength of Structure: 

1. Strength of structure in place will be considered potentially deficient if it fails 
to comply with any requirements which control strength of structure, 
including but not necessarily limited to following: 

a. Low concrete strength: 

1) Test results for standard molded and cured test cylinders to be 
evaluated separately for each mix design. 

a) Such evaluation shall be valid only if tests have been conducted in 
accordance with specified quality standards. 

b) For evaluation of potential strength and uniformity, each mix 
design shall be represented by at least three (3) strength tests. 

c) A strength test shall be the average of two (2) 6 IN diameter 
cylinders or three (3) 4 IN diameter cylinders from the same 
sample tested at 28 days. 

2) Acceptance: 

a) Strength level of each specified compressive strength shall be 
considered satisfactory if both of the following requirements are 
met: 

(1) Average of all sets of three (3) consecutive strength tests 
equal or exceed the required specified 28 day compressive 
strength. 
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(2) No individual strength test falls below the required specified 28 
day compressive strength by more than 500 PSI. 

b. Reinforcing steel size, configuration, quantity, strength, position, or 
arrangement at variance with requirements in Specification Section 03 
21 00 or requirements of the Contract Drawings or approved Shop 
Drawings. 

c. Concrete which differs from required dimensions or location in such a 
manner as to reduce strength. 

d. Curing time and procedure not meeting requirements of this Specification 
Section. 

e. Inadequate protection of concrete from extremes of temperature during 
early stages of hardening and strength development. 

f. Mechanical injury, construction fires, accidents or premature removal of 
formwork likely to result in deficient strength. 

g. Concrete defects such as voids, honeycomb, cold joints, spalling, 
cracking, etc., likely to result in deficient strength or durability. 

2. Structural analysis and/or additional testing may be required when strength 
of structure is considered potentially deficient. 

3. In-place testing of concrete may be required when strength of concrete in 
place is considered potentially deficient. 

a. Testing by impact hammer, sonoscope, or other nondestructive device 
may be permitted by Engineer to determine relative strengths at various 
locations in the structure or for selecting areas to be cored. 

1) Such tests shall not be used as a basis for acceptance or rejection. 

b. Core tests: 

1) Where required, test cores will be obtained in accordance with ASTM 
C42. 

a) If concrete in structure will be dry under service conditions, air dry 
cores (temperature 60 to 80 DEGF, relative humidity less than 60 
PCT) for seven (7) days before test then test dry. 

b) If concrete in structure will be wet or subjected to high moisture 
atmosphere under service conditions, test cores after immersion 
in water for at least 40 HRS and test wet. 

c) Testing wet or dry to be determined by Engineer. 

2) Three (3) representative cores may be taken from each member or 
area of concrete in place that is considered potentially deficient. 

a) Location of cores shall be determined by Engineer so as least to 
impair strength of structure. 

b) If, before testing, one (1) or more of cores shows evidence of 
having been damaged subsequent to or during removal from 
structure, damaged core shall be replaced. 



WHCRWA 

CONCRETE TESTING AND INSPECTION CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
CONCRETE TESTING AND INSPECTION 

03 05 05 - 11 OF 12 

3) Concrete in area represented by a core test will be considered 
adequate if average strength of three (3) cores is equal to at least 85 
PCT of specified strength and no single core is less than 75 PCT of 
specified strength. 

4) Fill core holes with non-shrink grout and finish to match surrounding 
surface when exposed in a finished area. 

4. If core tests are inconclusive or impractical to obtain or if structural analysis 
does not confirm safety of structure, load tests may be required and their 
results evaluated in accordance with ACI 318, Chapter 20. 

5. Correct or replace concrete work judged inadequate by structural analysis or 
by results of core tests or load tests with additional construction, as directed 
by Engineer, at Contractor's expense. 

6. Contractor to pay all costs incurred in providing additional testing and/or 
structural analysis required. 

END OF SECTION
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SECTION 03 11 13 

FORMWORK 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Formwork requirements for concrete construction. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 05 05 - Concrete Testing and Inspection. 

4. Section 03 31 31 - Concrete Mixing, Placing, Jointing, and Curing. 

5. Section 03 35 00 - Concrete Finishing and Repair of Surface Defects. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. CT-13, Concrete Terminology. 

b. 117, Specification for Tolerances for Concrete Construction and 
Materials. 

c. 347R, Guide to Formwork for Concrete. 

2. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

B. Qualifications: 

1. Formwork, shoring and reshoring to be designed by a licensed professional 
engineer currently registered or having a minimum of three (3) years 
experience in this type of design work. 

a. Above qualifications apply to slabs and beams not cast on the ground. 

C. Miscellaneous: 

1. Design and engineering of formwork, shoring and reshoring as well as its 
construction is the responsibility of the Contractor. 

2. Design requirements: 
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a. Design formwork for loads, lateral pressures and allowable stresses 
outlined in ACI 347R and for design considerations, wind loads, 
allowable stresses and other applicable requirements of the controlling 
local Building Code. 

1) Where conflicts occur between the above two (2) standards, the more 
stringent requirements shall govern. 

b. Design formwork to limit maximum deflection of form facing materials 
reflected in concrete surfaces exposed to view to 1/240 of span between 
structural members. 

3. For slabs and beams not cast on the ground, develop a procedure and 
schedule for removal of shores and for calculating the loads transferred to 
the structure during this process in accordance with ACI 347R. 

a. Perform structural calculations as required to prove that all portions of 
the structure in combination with remaining forming and shoring system 
has sufficient strength to safely support its own weight plus the loads 
placed thereon.  Calculations shall be performed by a licensed 
professional engineer. 

b. When developing procedure, schedule and structural calculations, 
consider the following at each stage of construction: 

1) The structural system that exists. 

2) Effects of all loads during construction. 

3) Strength of concrete. 

4) The influence of deformations of the structure and shoring system on 
the distribution of dead loads and construction loads. 

5) The strength and spacing of shores or shoring systems used, as well 
as the method of shoring, bracing, shore removal, and reshoring 
including the minimum time intervals between the various operations. 

6) Any other loading or condition that affects the safety or serviceability 
of the structure during construction. 

1.3 DEFINITIONS 

A. Words and terms used in these Specifications are defined in ACI CT-13. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for the requirements for the mechanics 
and administration of the submittal process. 

2. Product technical data including: 

a. Manufacturer and type of proposed form ties. 
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PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Forms for Surfaces Exposed to View: 

1. Wood forms: 

a. 5/8 or 3/4 IN 5-ply structural plywood of concrete form grade. 

b. Built-in-place or prefabricated type panel. 

2. Metal forms: 

a. Metal forms may be used except for aluminum in contact with concrete. 

b. Forms to be tight to prevent leakage, free of rust and straight without 
dents to provide members of uniform thickness. 

B. Forms for Surfaces Not Exposed to View: 

1. Wood or metal sufficiently tight to prevent leakage. 

2. Do not use aluminum forms. 

2.2 ACCESSORIES 

A. Form Ties: 

1. Commercially fabricated for use in form construction. 

a. Field fabricated ties are unacceptable. 

2. Constructed so that ends or end fasteners can be removed without causing 
spalling at surfaces of the concrete. 

3. Embedded portion of ties to be not less than 1-1/2 IN from face of concrete 
after ends have been removed. 

4. Cone size: 

a. 3/4 IN minimum diameter cones on both ends. 

b. Depth of cone not to exceed the concrete reinforcing cover. 

5. Provide ties with built-in waterstops in all walls that will be in contact with 
process liquid during plant operation. 

6. Through-wall ties that are designed to be entirely removed are not allowed 
in all walls that will be in contact with process liquid during plant operation. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Form Surface Treatment: 

1. Before placing of reinforcing steel or concrete, cover surfaces of forms with 
an approved release material that will effectively prevent absorption of 
moisture and prevent bond with concrete, will not stain concrete or prevent 
bonding of future finishes. 
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a. A field applied form release agent or sealer of approved type or a factory 
applied nonabsorptive liner may be used. 

2. Do not allow excess form release material to stand in puddles in forms nor in 
contact with hardened concrete against which fresh concrete is to be placed. 

B. Provide temporary openings at base of column and wall forms and at other 
points where necessary to facilitate cleaning and observation immediately 
before concrete is placed, and to limit height of free fall of concrete to prevent 
aggregate segregation. 

1. Temporary openings to limit height of free fall of concrete shall be spaced no 
more than 8 FT apart. 

C. Clean surfaces of forms, reinforcing steel and other embedded materials of any 
accumulated mortar or grout from previous concreting and of all other foreign 
material before concrete is placed. 

3.2 ERECTION 

A. Install products in accordance with manufacturer's instructions. 

B. Tolerances: 

1. Conform to ACI 117. 

2. Variation from plumb: 

a. In lines and surfaces of columns, piers, walls, and in risers. 

1) Maximum in any 10 FT of height:  1/4 IN. 

2) Maximum for entire height:  1/2 IN. 

b. For exposed corner columns, control-joint grooves, and other exposed to 
view lines: 

1) Maximum in any 20 FT length:  1/4 IN. 

2) Maximum for entire length:  1/2 IN. 

3. Variation from level or from grades specified: 

a. In slab soffits, ceilings, beam soffits and in arises, measured before 
removal of supporting shores. 

1) Maximum in any 10 FT of length:  1/4 IN. 

2) Maximum in any bay or in any 20 FT length:  3/8 IN. 

3) Maximum for entire length:  3/4 IN. 

b. In exposed lintels, sills, parapets, horizontal grooves, and other exposed 
to view lines: 

1) Maximum in any bay or in 20 FT length:  1/4 IN. 

2) Maximum for entire length:  1/2 IN. 

4. Variation of linear structure lines from established position in plan and 
related position of columns, walls, and partitions: 

a. Maximum in any bay:  1/2 IN. 
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b. Maximum in any 20 FT of length:  1/2 IN. 

c. Maximum for entire length:  1 IN. 

5. Variation in sizes and location of sleeves, floor openings, and wall openings:  
Maximum of +1/2 IN. 

6. Variation in horizontal plan location of beam, column and wall centerlines 
from required location:  Maximum of +1/2 IN. 

7. Variation in cross sectional dimensions of columns and beams and in 
thickness of slabs and walls:  Maximum of -1/4 IN, +1/2 IN. 

8. Footings and foundations: 

a. Variations in concrete dimensions in plan:  -1/2 IN, +2 IN. 

b. Misplacement or eccentricity: 

1) 2 PCT of footing width in direction of misplacement but not more than 
2 IN. 

c. Thickness: 

1) Decrease in specified thickness:  5 PCT. 

2) Increase in specified thickness:  No limit except that which may 
interfere with other construction. 

9. Variation in steps: 

a. In a flight of stairs: 

1) Rise:  +1/8 IN. 

2) Tread:  +1/4 IN. 

b. In consecutive steps: 

1) Rise:  +1/16 IN. 

2) Tread:  +1/8 IN. 

10. Establish and maintain in an undisturbed condition and until final completion 
and acceptance of Project, sufficient control points and bench marks to be 
used for reference purposes to check tolerances. 

11. Regardless of tolerances listed allow no portion of structure to extend 
beyond legal boundary of Project. 

12. To maintain specified tolerances, camber formwork to compensate for 
anticipated deflections in formwork prior to hardening of concrete. 

C. Make forms sufficiently tight to prevent loss of mortar from concrete. 

D. Place 3/4 IN chamfer strips in exposed to view corners of forms to produce 3/4 
IN wide beveled edges. 

E. At construction joints, overlap contact surface of form sheathing for flush 
surfaces exposed to view over hardened concrete in previous placement by at 
least 1 IN. 

1. Hold forms against hardened concrete to prevent offsets or loss of mortar at 
construction joint and to maintain a true surface. 
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2. Where possible, locate juncture of built-in-place wood or metal forms at 
architectural lines, control joints or at construction joints. 

F. Where circular walls are to be formed and forms made up of straight sections 
are proposed for use, provide straight lengths not exceeding 2 FT wide. 

1. Brace and tie formwork to maintain correct position and shape of members. 

G. Construct wood forms for wall openings to facilitate loosening, if necessary, to 
counteract swelling. 

H. Anchor formwork to shores or other supporting surfaces or members so that 
movement of any part of formwork system is prevented during concrete 
placement. 

I. Provide runways for moving equipment with struts or legs, supported directly on 
formwork or structural member without resting on reinforcing steel. 

J. Provide positive means of adjustment (wedges or jacks) of shores and struts 
and take up all settlement during concrete placing operation. 

1. Securely brace forms against lateral deflection. 

2. Fasten wedges used for final adjustment of forms prior to concrete 
placement in position after final check. 

3.3 REMOVAL OF FORMS 

A. No construction loads shall be supported on, nor any shoring removed from, 
any part of the structure under construction except when that portion of the 
structure in combination with remaining forming and shoring system has 
sufficient strength to safely support its weight and loads places thereon. 

B. When required for concrete curing in hot weather, required for repair of surface 
defects or when finishing is required at an early age, remove forms as soon as 
concrete has hardened sufficiently to resist damage from removal operations or 
lack of support. 

C. Remove top forms on sloping surfaces of concrete as soon as concrete has 
attained sufficient stiffness to prevent sagging. 

1. Perform any needed repairs or treatment required on such sloping surfaces 
at once, followed by curing specified in Specification Section 03 31 31. 

D. Loosen wood forms for wall openings as soon as this can be accomplished 
without damage to concrete. 

E. Formwork for columns, walls, sides of beams, and other parts not supporting 
weight of concrete may be removed as soon as concrete has hardened 
sufficiently to resist damage from removal. 

F. Where no reshoring is planned, leave forms and shoring used to support weight 
of concrete in place until concrete has attained its specified 28 day compressive 
strength. 
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1. Where a reshoring procedure is planned, supporting formwork may be 
removed when concrete has reached the concrete strength required by the 
formwork designer's structural calculations. 

G. When shores and other vertical supports are so arranged that non-load-carrying 
form facing material may be removed without loosening or disturbing shores 
and supports, facing material may be removed when concrete has sufficiently 
hardened to resist damage from removal. 

3.4 RESHORING 

A. No construction loads shall be supported on, nor any shoring removed from, 
any part of the structure under construction except when that portion of the 
structure in combination with remaining forming and shoring system has 
sufficient strength to safely support its weight and loads placed thereon. 

B. While reshoring is underway, no superimposed dead or live loads shall be 
permitted on the new construction. 

C. During reshoring do not subject concrete in structural members to combined 
dead and construction loads in excess of loads that structural members can 
adequately support. 

D. Place reshores as soon as practicable after stripping operations are complete 
but in no case later than end of working day on which stripping occurs. 

E. Tighten reshores to carry their required loads without overstressing. 

F. Shoring, reshoring and supporting formwork may be removed when concrete 
has reached the concrete strength required by the formwork designer's 
structural calculations. 

G. For floors supporting shores under newly placed concrete leave original 
supporting shores in place or reshore. 

1. Reshoring system shall have a capacity sufficient to resist anticipated loads. 

2. Locate reshores directly under a shore position above. 

3.5 FIELD QUALITY CONTROL 

A. Special Inspection: 

1. See Section 01 45 33. 

2. See Section 03 05 05.  

END OF SECTION
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SECTION 03 15 19 

ANCHORAGE TO CONCRETE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Requirements for all cast-in-place anchor bolts, anchor rods, reinforcing 
adhesive anchorage, and post-installed concrete anchors required for the 
Project but not specified elsewhere in the Contract Documents. 

2. Design of all concrete anchors not indicated on the Drawings including, but 
not limited to, installation of anchors into concrete for the following structural 
and nonstructural components: 

a. Structural members and accessories. 

b. Metal, wood, and plastic fabrications. 

c. Architectural components. 

d. Mechanical and electrical equipment and components. 

e. Plumbing, piping, and HVAC work. 

f. All other components requiring attachment to concrete. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 05 05 - Concrete Testing and Inspection. 

4. Section 09 91 10 – Architectural Painting. 

5. Section 26 05 36 - Cable Tray. 

6. Section 40 05 16 - Pipe Support System. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. 318, Building Code Requirements for Structural Concrete and 
Commentary. 

b. 350, Code Requirements for Environmental Engineering Concrete 
Structures and Commentary. 

2. American Concrete Institute/Concrete Reinforcing Steel Institute (ACI-
CRSI): 

a. Adhesive Anchor Installation Certification Program:  Adhesive Anchor 
Installer. 
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3. American Institute of Steel Construction (AISC): 

a. 303, Code of Standard Practice for Steel Buildings and Bridges. 

4. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A108, Standard Specification for Steel Bar, Carbon and Alloy, Cold-
Finished. 

c. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on 
Iron and Steel Products. 

d. A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware. 

e. A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 
PSI Tensile Strength. 

f. A496, Standard Specification for Steel Wire, Deformed, for Concrete 
Reinforcement. 

g. A563, Standard Specification for Carbon and Alloy Steel Nuts. 

h. A780, Standard Practice for Repair of Damaged and Uncoated Areas of 
Hot-Dip Galvanized Coatings. 

i. F436, Standard Specification for Hardened Steel Washers. 

j. F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws, 
and Studs. 

k. F594, Standard Specification for Stainless Steel Nuts. 

l. F1554, Standard Specification for Anchor Bolts, Steel, 36, 55, and 105-
ksi Yield Strength. 

m. F2329, Standard Specification for Zinc Coating, Hot-Dip, Requirements 
for Application to Carbon and Alloy Steel Bolts, Screws, Washers, Nuts, 
and Special Threaded Fasteners 

5. ICC Evaluation Service (ICC-ES): 

a. AC193, Acceptance Criteria for Mechanical Anchors in Concrete 
Elements. 

b. AC308, Acceptance Criteria for Post-Installed Adhesive Anchors in 
Concrete Elements. 

6. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

B. Qualifications: 

1. Anchor designer for Contractor-designed post-installed anchors and cast in 
place anchorage shall be a professional structural engineer licensed in the 
State that the Project is located in. 
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2. Installer for post-installed anchors shall be trained by the manufacturer or 
certified by a training program approved by the Engineer.  

C. Post-installed anchors and related materials shall be listed by the following 
agencies: 

1. ICC-ES. 

2. Engineer approved equivalent. 

1.3 DEFINITIONS 

A. Adhesive Anchors: 

1. Post-installed anchors developing their strength primarily from chemical 
bond between the concrete and the anchor. 

2. Includes anchors using acrylics, epoxy and other similar adhesives. 

B. Anchor Bolt:  Any cast-in-place anchorage that is made of a headed (i.e. bolt) 
material. 

C. Anchor Rod:  Any cast-in-place or post-installed anchorage made from 
unheaded, threaded, rod or deformed bar material. 

D. Concrete Anchor:  Generic term for either an anchor bolt or an anchor rod. 

E. Galvanizing:  Hot-dip galvanizing per ASTM A123, ASTM A153 or ASTM F2329 
with minimum coating of 2.0 OZ of zinc per square foot of metal (average of 
specimens) unless noted otherwise or dictated by standard. 

F. Hardware:  As defined in ASTM A153. 

G. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

H. MPII:  Manufacturer’s printed installation instructions. 

I. Mechanical Anchors: 

1. Post-installed anchors developing their strength from attachment other than 
thru adhesives or chemical bond to concrete. 

2. Includes expansion anchors, expansion sleeve, screw anchors, undercut 
anchors, specialty inserts and other similar types of anchorages. 

3. Drop-in anchors and other similar anchors are not allowed. 

J. Post-Installed Anchor:  Any adhesive or mechanical anchor installed into 
previously placed and adequately cured concrete. 

1.4 SUBMITTALS 

A. Shop Drawings: 
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1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that submitted products meet requirements of 
referenced standards. 

b. Manufacturer material data sheet for each anchor. 

1) Clearly indicate which products on the data sheet are proposed for 
use on the Project. 

c. Manufacturer's printed installation instructions. 

d. Current ICC-ES report for each post-installed anchor system indicating 
the following: 

1) Certification that anchors meet all requirements indicated in this 
Specification. 

2) Performance data showing that anchor is approved for use in cracked 
concrete. 

3) Seismic design categories for which anchor system has been 
approved. 

4) Required installation procedures. 

5) Special inspection requirements for installation. 

e. Anchorage layout drawings and details: 

1) Indicate anchor diameter, embedment, length, anchor type, material 
and finish. 

2) Drawings showing location, configuration, spacing and edge distance. 

f. Contractor Designed Post-Installed Anchors: 

1) Show diameter and embedment depth of each anchor.  

2) Indicate compliance with ACI 318, Appendix D, ACI 350 Appendix D. 

3) Design tension and shear loads used for anchor design. 

4) Engineering design calculations: 

a) Indicate design load to each anchor. 

b) When the design load is not indicated on Drawings, include 
calculations to develop anchor forces based on Design Criteria 
listed herein. 

c) Sealed and signed by contractor’s professional engineer. 

d) Calculations will be submitted for information purposes only. 

5) Type of post-installed anchor system used. 

a) Provide manufacturer's ICC-ES report for the following: 

(1) Mechanical anchorage per ICC-ES AC193. 

(2) Adhesive anchorage per ICC-ES AC308. 
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B. Samples: 

1. Representative samples of concrete anchors may be requested by 
Engineer.  Review will be for type and finish only.  Compliance with all other 
requirements is exclusively the responsibility of the Contractor. 

C. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Certification of qualifications for each installer of post-installed anchors. 

a. Indicate successful completion or certification for each type of approved 
post-installed anchor as required by the Contract Documents. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver products to job site in manufacturer’s or distributor’s packaging 
undamaged and complete with installation instructions. 

B. Store above ground on skids or other supports to keep items free of dirt and 
other foreign debris and to protect against corrosion. 

C. Protect and handle materials in accordance with manufacturer’s 
recommendations to prevent damage or deterioration. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Cast-in-place Concrete Anchors: 

1. Building, nonbuilding structures, and equipment: 

a. ASTM F1554, Grade 36 or Grade 55 with weldability supplement S1 for 
galvanized threaded rods. 

b. ASTM A307, Grade A for galvanized headed bolts. 

2. All other cast-in-place concrete anchors: 

a. Stainless steel with matching nut and washer. 

b. Submerged application:  ASTM F593, Type 316. 

c. Non-submerged application:  ASTM F593, Type 304 or Type 316. 

B. Post-Installed Mechanical and Adhesive Concrete Anchors: 

1. Stainless steel with matching nut and washer. 

2. Submerged application:  ASTM F593, Type 316. 

3. Non-submerged application:  ASTM F593, Type 304 or Type 316. 

C. Reinforcement:  See Section 03 21 00. 

D. Headed Studs:  ASTM A108 with a minimum yield strength of 50,000 PSI and a 
minimum tensile strength of 60,000 PSI. 
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E. Deformed Bar Anchors:  ASTM A496 with minimum yield strength of 70,000 PSI 
and a minimum tensile strength of 80,000 PSI. 

F. Washers: 

1. ASTM F436 unless noted otherwise. 

2. If stainless steel anchorage is being used for cast-in-place anchorage, 
furnish washers of the same material and alloy as in the accompanying 
anchorage. 

3. Plate washers:  Minimum 1/2IN thick fabricated ASTM A36 square plates as 
required. 

4. Follow manufacturer’s requirements for all post-installed anchorage. 

G. Nuts: 

1. ASTM A563 for all cast-in-place anchorage. 

2. If stainless steel anchorage is being used for cast-in-place anchorage, nuts 
shall meet ASTM F594 and be the matching material and alloy as in the 
accompanying anchorage. 

3. Follow manufacturer’s requirements if using post-installed anchorage. 

H. Galvanizing Repair Paint: 

1. High zinc dust content paint for regalvanizing welds and abrasions. 

2. ASTM A780. 

3. Zinc content:  Minimum 92 PCT in dry film. 

4. ZRC "ZRC Cold Galvanizing" or Clearco "High Performance Zinc Spray." 

I. Dissimilar Materials Protection:  See Specification Section 09 91 10. 

2.2 CONTRACTOR DESIGNED ANCHORAGE 

A. Acceptable Manufacturers: 

1. Post-installed anchor systems for the listed manufacturers will be 
considered only if a current ICC-ES evaluation report is submitted in 
accordance with the SUBMITTALS Article in PART 1 of this Specification 
Section and if the anchor system is approved by the Engineer. 

a. Hilti. 

b. Dewalt. 

c. Simpson Strong-Tie. 

2. Submit request for substitution in accordance with Specification Section 01 
25 13. 

B. Design the anchorage when any of the following occur: 

1. Design load for concrete anchorage is shown on the Drawings. 

2. When specifically required by the Contract Documents. 
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3. When an anchorage is required but not specified in the Drawings. 

4. When anchorage is shown on Drawings other than Structural Drawings. 

C. Anchorage Design Loads: 

1. Determine all of the design loads, including wind and seismic loads, per the 
Building Code. 

a. Anchorage of equipment and non-structural components:  Use the actual 
dead and operating loads provided by the manufacturer. 

D. When Contract Drawings, other than the Structural Drawings, indicate an 
anchor diameter or length, the Contractor design shall incorporate these as 
“minimums.” 

E. Cast-in-Place Concrete Anchors: 

1. Provide the material, nominal diameter, embedment length, spacing, edge 
distance and design capacity to resist the calculated load based on the 
requirements given in the Building Code including ACI 318, Appendix D, ACI 
350, Appendix D. 

2. Design assuming cracked concrete. 

F. Post-installed Concrete Anchors: 

1. Provide the manufacturer’s system name/type, nominal diameter, 
embedment depth, spacing, minimum edge distance, cover, and design 
capacity to resist the specified or calculated load based on requirements 
given in the Building Code, ACI 318, Appendix D, ACI 350 , Appendix D and 
current ICC-ES report, for the anchor to be used. 

2. Design assuming cracked concrete. 

2.3 ENGINEER DESIGNED ANCHORAGE 

A. When the size, length and details of anchorages are shown on Contract 
Structural Drawings, Contractor design of anchorage is not required unless 
otherwise indicated. 

B. Acceptable Manufacturers: 

1. Additional newer post-installed anchor systems for the listed manufacturers 
will be considered only if a current evaluation agency report is submitted in 
accordance with the SUBMITTALS Article in PART 1 of this Specification 
Section, the anchor system is certified by ICC-ES for cracked concrete 
conditions, and if approved by the Engineer. 

2. Mechanical Anchors: 

a. Hilti: 

1) Kwik Bolt TZ (ICC-ES ESR-1917). 

3. Adhesive Concrete Anchors: 

a. Hilti: 
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1) HIT RE 500 V3 (ICC ESR-3814). 

4. Concrete Screw Anchors: 

a. Hilti: 

1) Kwik HUS-EZ Screw (ICC-ES ESR-3027). 

5. Submit request for substitution in accordance with Specification Section 01 
25 13. 

a. Substitution request to indicate the proposed anchor has the at least the 
same tension and shear strength as the specified anchor installed as 
indicated in the Contract Drawings. 

b. Calculations to be stamped by a Professional Engineer registered in the 
state that the Project is located in. 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Cast-in-Place Anchorage: 

1. Use where anchor rods or bolts are indicated on the Drawings, unless 
another anchor type is approved by the Engineer. 

2. Provide concrete anchorage as shown on the Drawings or as required to 
secure components to concrete. 

B. Adhesive Anchorage: 

1. Use only where specifically indicated on the Drawings or when approved for 
use by the Engineer. 

2. May be used where subjected to vibration or where buried or submerged. 

3. Do not use in overhead applications or sustained tension loading conditions 
such as utility hangers. 

4. Contact Engineer for clarification when anchors will not be installed in 
compliance with manufacturer's printed installation requirements. 

C. Mechanical Anchorage: 

1. Use only where specifically indicated on the Drawings or when approved for 
use by the Engineer. 

2. Do not use where subjected to vibration. 

3. May be used in overhead applications. 

4. Contact Engineer for clarification when anchors will not be installed in 
compliance with manufacturer's printed installation requirements. 

D. Do not use powder actuated fasteners and other types of bolts and fasteners 
not specified herein for structural applications unless approved by the Engineer 
or specified in Contract Documents. 
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3.2 PREPARATION 

A. Provide adequate time to allow for proper installation and inspection prior to 
placing concrete for cast-in-place concrete anchorage. 

B. Prior to installation, inspect and verify areas and conditions under which 
concrete anchorage is to be installed. 

1. Notify Engineer of conditions detrimental to proper and timely completion of 
work. 

2. Do not proceed with work until unsatisfactory conditions have been 
corrected in a manner acceptable to the Engineer. 

C. Special Inspection is required in accordance with the Building Code for all 
concrete anchorage. 

1. Notify the Special Inspector that an inspection is required prior to concrete 
placement (or during post-installed anchorage installation). 

2. See the FIELD QUALITY CONTROL Article in PART 3 of this Specification 
Section for additional requirements. 

D. Post-installed anchor manufacturer’s representative shall demonstrate and 
observe the proper installation procedures for the post-installed anchors at no 
additional expense to the Owner. 

1. Follow such procedures to assure acceptable installation. 

2. Adhesive anchors must be installed in concrete aged a minimum of 21 days 

3.3 INSTALLATION 

A. Tie cast-in-place anchorage in position to embedded reinforcing steel using 
wire. 

1. Tack welding of anchorage is prohibited. 

2. Coat the projected portion of carbon steel anchors and nut threads with a 
heavy coat of clean grease after concrete has cured. 

3. Anchorage location tolerance shall be in accordance with AISC 303. 

4. Provide steel or durable wood templates for all column and equipment 
anchorage. 

a. Templates to be placed above top of concrete and not impede proper 
concrete placement and consolidation. 

B. Unless noted or specified otherwise: 

1. Connect aluminum and steel members to concrete and masonry using 
stainless steel cast-in-place anchorage unless shown otherwise. 

a. Provide dissimilar materials protection per Specification Section 09 91 
10. 

2. Provide washers for all anchorage. 
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3. Where exposed, extend threaded anchorage a maximum of 3/4 IN and a 
minimum of 1/2 IN above the top of the fully engaged nut. 

a. If anchorage is cut off to the required maximum height, threads must be 
dressed to allow nuts to be removed without damage to the nuts. 

C. Do the following after nuts are snug-tightened down: 

1. If using post-installed anchorage, follow MPII. 

2. Upset threads of anchorage to prevent nuts from backing off. 

a. Provide double nut or lock nut in lieu of upset threads for items that may 
require removal in the future. 

3. For all other cast-in-place anchorage material, tighten nuts down an 
additional 1/8 turn to prevent nuts from backing off. 

4. If two (2) nuts are used per concrete anchor above the base plate, tighten 
the top nut an additional 1/8 turn to "lock" the two (2) nuts together. 

5. If using post-installed anchorage, follow manufacturer’s installation 
procedures. 

D. Assure that embedded items are protected from damage and are not filled in 
with concrete. 

E. Secure architectural components such that it will not be aesthetically distorted 
nor fasteners overstressed from expansion, contraction or installation. 

F. Coat aluminum surfaces in contact with dissimilar materials in accordance with 
Specification Section 09 91 00. 

G. Repair damaged galvanized surfaces in accordance with ASTM A780. 

1. Prepare damaged surfaces by abrasive blasting or power sanding. 

2. Apply galvanizing repair paint to minimum 6 mils DFT in accordance with 
manufacturer's instructions and ASTM A780. 

H. For post-installed anchors, comply with the MPII on the hole diameter and 
depth required to fully develop the tensile strength of the anchor or reinforcing 
bar. 

1. Use hammer drills to create holes. 

2. Properly clean out the hole per the ICC-ES reports utilizing a non-metallic 
fiber bristle brush and compressed air or as otherwise required to remove all 
loose material from the hole prior to installing the anchor in the presence of 
the Special Inspector. 

3.4 FIELD QUALITY CONTROL 

A. Special Inspection: 

1. See Section 01 45 33. 

2. See Section 03 05 05.  
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3.5 CLEANING 

A. After concrete has been placed, remove protection and clean all anchorage of 
all concrete, dirt, and other foreign matter. 

B. Provide surface acceptable to receive field applied paint coatings when 
specified in Specification Section 09 91 10. 

 

END OF SECTION
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SECTION 03 21 00 

REINFORCEMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Reinforcing bar requirements for concrete construction. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 05 05 - Concrete Testing and Inspection. 

4. Section 03 15 19 - Anchorage to Concrete. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. SP 66, ACI Detailing Manual. 

b. 117, Specification for Tolerances for Concrete Construction and 
Materials. 

c. 315, Manual of Standard Practice for Detailing Reinforced Concrete 
Structures. 

d. 318, Building Code Requirements for Structural Concrete. 

e. 350, Code Requirements for Environmental Engineering Concrete 
Structures. 

2. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A276, Standard Specification for Stainless Steel Bars and Shapes. 

c. A615, Standard Specification for Deformed and Plain Carbon-Steel Bars 
for Concrete Reinforcement. 

d. A706, Standard Specification for Low-Alloy Steel Deformed and Plain 
Bars for Concrete Reinforcement. 

e. A970, Standard Specification for Headed Steel Bars for Concrete 
Reinforcement. 

f. A1064, Standard Specification for Steel Wire and Welded Wire 
Reinforcement, Plain and Deformed, for Concrete. 

3. Concrete Reinforcing Steel Institute (CRSI): 

a. Manual of Standard Practice. 
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1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Mill certificates for all reinforcing. 

d. Manufacturer and type of proprietary reinforcing mechanical splices. 

3. Qualifications of welding operators, welding processes and procedures. 

4. Reinforcing number, sizes, spacing, dimensions, configurations, locations, 
mark numbers, lap splice lengths and locations, concrete cover and 
reinforcing supports. 

5. Sufficient reinforcing details to permit installation of reinforcing. 

6. Reinforcing details in accordance with ACI SP 66 and ACI 315. 

7. Locations where proprietary reinforcing mechanical splices are required or 
proposed for use. 

8. Shop Drawings shall be in sufficient detail to permit installation of reinforcing 
without reference to Contract Drawings. 

a. Shop Drawings shall not be prepared by reproducing the plans and 
details indicated on the Contract Drawings but shall consist of completely 
redrawn plans and details as necessary to indicate complete fabrication 
and installation of all reinforcing steel. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Support and store all reinforcing above ground. 

B. Ship to jobsite with attached plastic or metal tags with permanent mark 
numbers which match the Shop Drawing mark numbers. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURES 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Reinforcing adhesive anchors: 

a. See Specification Section 03 15 19. 

2. Reinforcing mechanical splices: 

a. Lenton Rebar Splicing by Erico, Inc. 
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b. Richmond dowel bar splicer system by Richmond Screw and Anchor 
Co., Inc. 

c. Bar-Grip Systems by Barsplice Products, Inc. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Reinforcing Bars:  ASTM A615, grade 60, deformed. 

B. Reinforcing Bars to be Welded:  ASTM A706. 

C. Welded Wire Reinforcement:  ASTM A1064. 

D. Smooth Dowel Bars: 

1. Water containing structures:  ASTM A276, Type 316. 

2. All other locations:  ASTM A36, with metal end cap to allow longitudinal 
movement equal to joint width plus 1 IN. 

E. Proprietary Reinforcing Mechanical Splices:  To develop in tension and 
compression a minimum of 125 PCT of the yield strength of the reinforcing bars 
being spliced. 

F. Headed Deformed Bars: 

1. ASTM A970, Class A. 

G. Reinforcing Adhesive Anchors: 

1. See Specification 03 15 19. 

2.3 ACCESSORIES 

A. Chairs, Runners, Bolsters, Spacers, Hangers, and Other Reinforcing Supports: 

1. Metal fabrications with plastic-coated tips in contact with forms. 

a. Plastic coating meeting requirements of CRSI Manual of Standard 
Practice. 

2. All plastic construction meeting the requirements of CRSI Manual of 
Standard Practice. 

a. 100 PCT non-metallic, non-corrosive. 

b. Required for all walls and elevated construction exposed to liquid 
containing structures. 

B. Protective plastic caps at mechanical splices. 

2.4 FABRICATION 

A. Tolerances: 

1. Conforms to ACI 117, expect as modified herein. 

2. Sheared lengths:  +1 IN. 

3. Overall dimensions of stirrups, ties and spirals:  +1/2 IN. 
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4. All other bends:  +0 IN, -1/2 IN. 

B. Minimum diameter of bends measured on the inside of the reinforcing bar to be 
as indicated in ACI 318 Paragraph 7.2. 

C. Ship reinforcing to jobsite with attached plastic or metal tags. 

1. Place on each tag the mark number of the reinforcing corresponding to the 
mark number indicated on the Shop Drawing. 

2. Mark numbers on tags to be so placed that the numbers cannot be 
removed. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Tolerances: 

1. Conform to ACI 117, except as modified herein. 

2. Reinforcing placement: 

a. Clear distance to formed surfaces:  +1/4 IN. 

b. Minimum spacing between bars:  -1/4 IN. 

c. Top bars in slabs and beams: 

1) Members 8 IN deep or less:  +1/4 IN. 

2) Members between 8 IN and 2 FT deep:  -1/4 IN, +1/2 IN. 

3) Members more than 2 FT deep:  -1/4 IN, +1 IN. 

d. Crosswise of members:  Spaced evenly within +1 IN. 

e. Lengthwise of members:  +2 IN. 

3. Minimum clear distances between reinforcing bars: 

a. Beams, walls and slabs:  Distance equal to bar diameter or 1 IN, 
whichever is greater. 

b. Columns:  Distance equal to 1-1/2 times the bar diameter or 1-1/2 IN, 
whichever is greater. 

c. Beam and slab reinforcing shall be threaded through the column vertical 
rebars without displacing the column vertical bars and still maintaining 
the clear distances required for the beam and slab reinforcing bars. 

B. Minimum concrete protective covering for reinforcement:  As shown on 
Drawings. 

C. Unless indicated otherwise on Drawings, provide splice lengths for reinforcing 
as follows: 

1. For reinforcing:  Class B splice meeting the requirements of ACI 318 and 
ACI 350. 

2. For welded wire reinforcement: 
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a. Splice lap length measured between outermost cross wires of each 
fabric sheet shall not be less than one (1) spacing of cross wires plus 2 
IN, nor less than 1.5 x development length nor less than 6 IN. 

b. Development length shall be as required for the yield strength of the 
welded wire reinforcement in accordance with ACI 318 and ACI 350. 

3. Provide splices of reinforcing not specifically indicated or specified subject to 
approval of Engineer. 

a. Mechanical proprietary splice connectors may only be used when 
approved or indicated on the Contract Drawings. 

D. Welding: 

1. Welding reinforcing is not permitted. 

E. Placing Reinforcing: 

1. Assure that reinforcement at time concrete is placed is free of mud, oil or 
other materials that may affect or reduce bond. 

2. Reinforcement with rust, mill scale or a combination of both will be accepted 
as being satisfactory without cleaning or brushing provided dimensions and 
weights including heights of deformations on a cleaned sample is not less 
than required by applicable ASTM specification that governs for the 
reinforcing supplied. 

3. Reinforcing support: 

a. Uncoated reinforcing: 

1) Support reinforcing and fasten together to prevent displacement by 
construction operations. 

a) Locate and support reinforcement with bar supports to maintain 
minimum concrete cover. 

b) Set wire ties with ends directed into concrete, not toward exposed 
concrete surfaces. 

c) Reinforement shown on the Contract Documents may not be 
repositioned for use a support for reinforcement.  Addtional drop 
bars may be provided for support of reinforcing,  

2) Reinforcing supported on ground: 

a) Slab on grade and other members with only one mat of 
reinforcing: 

(1) Provide metal bar supports with bottom plate. 

(2) Do not use concrete blocks to support slab-on-grade 
reinforcing. 

b) All other members:  Provide supporting concrete blocks or metal 
bar supports with bottom plate. 

3) Reinforcing supported on formwork: 
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a) Concrete surfaces in contact with or over process liquid:  All-
Plastic chairs, runners and bar supports. 

b) All other formed surfaces: 

(1) Provide plastic-coated metal chairs, runners, bolsters, spacers, 
hangers and other reinforcing support. 

(2) Only tips in contact with the forms need to be plastic coated. 

4. Where parallel horizontal reinforcement in beams is indicated to be placed in 
two or more layers, bars in the upper layers shall be placed directly above 
bars in the bottom layer with clear distance between layers to be 1 IN. 

a. Place spacer bars at 3 FT maximum centers to maintain the required 1 
IN clear distance between layers. 

5. Extend reinforcement to within 2 IN of concrete perimeter edges. 

a. If perimeter edge is formed by earth, extend reinforcement to within 3 IN 
of the edge. 

6. To assure proper placement, furnish templates for all column vertical bars 
and dowels. 

7. Do not bend reinforcement after embedding in hardened concrete unless 
approved by Engineer. 

a. Do not bend reinforcing by means of heat. 

8. Do not tack weld reinforcing. 

9. Embed reinforcing into hardened concrete utilizing adhesive anchor system 
specifically manufactured for such installation: 

a. See Specification Section 03 15 19. 

3.2 FIELD QUALITY CONTROL 

A. Reinforcement Congestion and Interferences: 

1. Notify Engineer whenever the specified clearances between bars cannot be 
met. 

2. Do not place any concrete until the Engineer submits a solution to 
reinforcing congestion problem. 

3. Reinforcing may be moved as necessary to avoid interference with other 
reinforcing steel, conduits, or embedded items. 

4. If bars are moved more than one bar diameter, obtain Engineer's approval of 
resulting arrangement of reinforcing. 

5. No cutting of reinforcing shall be done without written approval of Engineer. 

B. Special Inspection: 

1. See Section 01 45 33. 
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2. See Section 03 05 05. 

END OF SECTION
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SECTION 03 31 30 

CONCRETE, MATERIALS AND PROPORTIONING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Concrete materials, strengths and proportioning for concrete work. 

2. Grouting: 

a. Base plates for columns and equipment. 

b. As specified and indicated in the Contract Document. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 05 05 - Concrete Testing and Inspection. 

4. Section 03 15 19 - Anchorage to Concrete. 

5. Section 03 31 31 - Concrete Mixing, Placing, Jointing, and Curing. 

6. Section 03 41 33 - Precast and Prestressed Concrete. 

7. Section 03 45 00 – Architectural Precast Concrete. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. CT-13, Concrete Terminology. 

b. 211.1, Standard Practice for Selecting Proportions for Normal, 
Heavyweight, and Mass Concrete. 

c. 212.3R, Chemical Admixtures for Concrete. 

d. 232.2R, Use of Fly Ash in Concrete. 

e. 318, Building Code Requirements for Structural Concrete. 

f. 350, Code Requirements for Environmental Engineering Concrete 
Structures. 

2. ASTM International (ASTM): 

a. C33, Standard Specification for Concrete Aggregates. 

b. C39, Standard Test Method for Compressive Strength of Cylindrical 
Concrete Specimens. 

c. C94/C94M, Standard Specification for Ready-Mixed Concrete. 

d. C150, Standard Specification for Portland Cement. 
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e. C157, Standard Test Method for Length Change of Hardened Hydraulic-
Cement, Mortar, and Concrete. 

f. C192, Standard Practice for Making and Curing Concrete Test 
Specimens in the Laboratory. 

g. C260, Standard Specification for Air-Entraining Admixtures for Concrete. 

h. C227, Standard Test Method for Potential Alkali Reactivity of Cement-
Aggregate Combinations (Mortar-Bar Method). 

i. C494, Standard Specification for Chemical Admixtures for Concrete. 

j. C618, Standard Specification for Coal Fly Ash and Raw or Calcined 
Natural Pozzolan for Use in Concrete. 

k. C1107, Standard Specification for Packaged Dry, Hydraulic-Cement 
Grout (Non-shrink). 

l. C1116, Standard Specification for Fiber-Reinforced Concrete. 

m. C1260, Standard Test Method for Potential Alkali Reactivity of 
Aggregates (Mortar-Bar Method). 

n. C1293, Standard Test Method for Determination of Length Change of 
Concrete Due to Alkali-Silica Reaction. 

o. C1399, Standard Test Method for Obtaining Average Residual-Strength 
of Fiber-Reinforced Concrete. 

p. C1567, Standard Test Method for Determining the Potential Alkali-Silica 
Reactivity of Combinations of Cementitious Materials and Aggregate 
(Accelerated Mortar-Bar Method). 

q. C1609, Standard Test Method for Flexural Performance of Fiber-
Reinforced Concrete (Using Beam With Third-Point Loading). 

3. Steel Deck Institute (SDI): 

a. 31, Design Manual for Composite Decks, Form Decks and Roof Decks. 

1.3 DEFINITIONS 

A. Words and terms used in these Specifications are defined in ACI CT-13. 

B. Water-Bearing Concrete:  Any concrete surface to be in contract with process 
fluids during normal operation of the facility, including, but not limited to, tank, 
channels, wet wells and distribution chambers. 

C. Supplementary Cementitious Materials (SCM):  Fly ash, silica fume and ground 
granulated blast furnace slag. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 
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a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's instructions. 

c. Concrete mix designs as required by Specification Section 03 05 05. 

d. Manufacturer and type of proposed admixtures. 

e. Manufacturer and type of proposed non-shrink grout and grout cure/seal 
compound. 

3. Certifications: 

a. Certification of standard deviation value in psi for ready mix plant 
supplying the concrete. 

b. Certification that the SCM meet the quality requirements stated in this 
Specification Section, and SCM supplier's certified test reports for each 
shipment of SCM delivered to concrete supplier. 

c. Certification that the class of coarse aggregate meets the requirements 
of ASTM C33 for type and location of concrete construction. 

d. Certification of aggregate gradation. 

e. Certification of coarse aggregate impurities as relates to alkali-silica 
reactivity per ASTM C33, Appendix X. 

f. Certification of shrinkage test results. 

4. Test reports: 

a. Cement and SCM mill reports for all cement to be supplied. 

b. Provide test results for alkali-silica reactive impurities on coarse 
aggregates per referenced ASTM standards. 

1.5 DELIVERY, STORAGE AND HANDLING 

A. Storage of Materials: 

1. Store cement and SCM in weathertight buildings, bins, or silos which will 
exclude moisture and contaminants. 

2. Arrange aggregate stockpiles and use in a manner to avoid excessive 
segregation and to prevent contamination with other materials or with other 
sizes of like aggregates. 

3. Allow natural sand to drain until it has reached a relatively uniform moisture 
content before use. 

4. Do not use frozen or partially frozen aggregates. 

5. Do not use bottom 6 IN layer of stockpiled material in contact with ground. 

6. Store admixtures in such a manner as to avoid contamination, evaporation, 
or damage. 

a. For those used in form of suspensions or non-stable solutions, provide 
agitating equipment to assure thorough distribution of ingredients. 
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b. Protect liquid admixtures from freezing and temperature changes which 
would adversely affect their characteristics and performance. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the manufacturers are 
acceptable: 

1. Non-shrink grout: 

a. BASF Corporation. 

b. Euclid Chemical Company. 

c. Five Star Products, Inc. 

2. Epoxy grout: 

a. BASF Corporation.  

b. Five Star Products, Inc. 

c. Euclid Chemical Company. 

d. Sika Corporation. 

3. Synthetic fibers: 

a. GCP Applied Technologies, Inc. 

b. BASF Corporation. 

c. Euclid Chemical Company. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Cement: 

1. ASTM C150, Type I/II. 

2. Cement type used shall correspond to that upon which selection of concrete 
proportions was based in the mix design. 

B. SCM: 

1. Fly Ash: 

a. ASTM C618, Class F. 

b. Non-staining. 

c. Suited to provide hardened concrete of uniform light gray color. 

d. Compatible with other concrete ingredients and having no deleterious 
effects on the hardened concrete. 

e. Produced by source approved by the State Highway Department in the 
state where the Project is located for use in concrete for bridges. 

f. Evaluate and use in accordance with ACI 232.2R. 
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2. Cement and SCM type used shall correspond to that upon which selection 
of concrete proportions was based in the mix design. 

C. Admixtures: 

1. Air entraining:  ASTM C260. 

2. Water reducing, retarding, and accelerating:  Conform to ASTM C494, 
Types A through E, and provisions of ACI 212.3R. 

3. High range water reducers (superplasticizers):  Conform to ASTM C494, 
Types F or G. 

4. All concrete mixes require the use of water reducers to maintain the 
specified water-to-cement ratios without additional cement. 

5. SCM:  Per above. 

6. Admixtures to be chloride free. 

a. Do not use calcium chloride. 

7. Provide admixtures of same type, manufacturer and quantity as used in 
establishing required concrete proportions in the mix design. 

8. Provide admixtures certified by manufacturer to be compatible with other 
admixtures. 

9. Shrinkage reducing admixtures: 

a. Admixture used to reduce the shrinkage of Portland Cement concrete. 

b. Utilize at dosage necessary to help achieve required shrinkage value 
stated herein. 

c. Similar to: 

1) Eclipse 4500 by GCP Applied Technologies, Inc. 

2) Conex by Euclid Chemical Co. 

3) MasterLife SRA 20 or MasterLife CRA 007 by BASF Corporation. 

D. Water: 

1. Potable. 

2. Clean and free from deleterious substances. 

3. Free of oils, acids and organic matter. 

E. Aggregates for Normal Weight Concrete: 

1. ASTM C33. 

2. Fine and coarse aggregates to be regarded as separate ingredients. 

3. Provide aggregates approved for bridge construction by the Department of 
Transportation of the State the project is located. 

4. Coarse aggregate: 

a. Use only washed aggregates. 
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b. Coarse aggregate sieve analysis: 

1) Per Table 1 IN the PART 2 MIXES Article. 

5. Fine aggregates to be natural, not manufactured. 

6. Do not use aggregates that may be deleteriously reactive when combined 
with alkalis in cement. 

a. Evaluate proposed aggregates for potential deleterious expansion due to 
alkali silica reactivity per ASTM C33 (Appendix X), ASTM C227, ASTM 
C1260, ASTM 1293, or ASTM C1567. 

F. Maximum total chloride ion content for concrete mix including all ingredients 
measured as a weight percent of cement in accordance with ASTM C1218: 

1. Prestressed concrete:  0.06. 

2. All other concrete:  0.10. 

G. Sand Cement Grout (referred to as "Grout" on the Drawings): 

1. Approximately three (3) parts sand, one (1) part Portland cement, 6 +1 PCT 
entrained air and water to produce a slump which allows grout to completely 
fill required areas and surround adjacent reinforcing. 

a. Provide sand in accordance with requirements for fine aggregate for 
concrete. 

2. Minimum 28 day compressive strength: 

a. 3000 PSI. 

b. Shall be at least strength of parent concrete when used at construction 
joints. 

H. Grout for Construction Joints at Base of Walls: 

1. Cement grout with same strength as wall concrete, without coarse 
aggregate. 

I. Non-shrink Grout: 

1. Non-shrink, nonmetallic, noncorrosive, and nonstaining. 

a. Conform to ASTM C1107. 

2. Premixed with only water to be added in accordance with manufacturer's 
instructions at jobsite. 

3. Grout to produce a positive but controlled expansion. 

a. Mass expansion shall not be created by gas liberation or by other 
means. 

4. Minimum 28 day compressive strength:  7,000 PSI. 

5. Acceptable manufacturers: 

a. BASF Admixtures, Inc. "Masterflow, 713 IN. 

b. Euclid Chemical "NS Grout". 
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c. Sika Corporation "Sika Grout 212 IN. 

d. Sauereisen, Inc. "F-100 Level Fill Grout". 

J. Epoxy Grout: 

1. Three-component epoxy resin system: 

a. Two (2) liquid epoxy components. 

b. One (1) inert aggregate filler component. 

2. Adhesive acceptable manufacturers: 

a. BASF “Masterflow 648 IN. 

b. Five Start Products, Inc.  "DP Five Start Epoxy Grout." 

c. Euclid Chemical "E3-G." 

d. Sika "Sikadur Hi-Mod." 

3. Aggregate acceptable manufacturers: 

a. BASF “Masterflow 648 IN. 

b. Five Start Products, Inc. "DP Five Start Epoxy Grout." 

c. Euclid Chemical "Euclid aggregate." 

d. Sika aggregate. 

4. Aggregate manufacturer shall be the same as the adhesive manufacturer. 

5. The aggregate shall be compatible with the adhesive. 

6. Each component furnished in separate package for mixing at jobsite. 

K. See Specification Section 03 31 31 for Grout Schedule of use. 

2.3 MIXES 

A. General: 

1. Provide concrete capable of being placed without aggregate segregation 
and, when cured, of developing all properties specified. 

2. Ready-mixed concrete shall conform to ASTM C94/C94M. 

3. All concrete to be normal weight concrete, weighing approximately 145 to 
150 LBS per cubic foot at 28 days after placement. 

B. Concrete Mixes:  Refer to Table 1 below. 

C. Air Entrainment: 

1. Provide air entrainment in concrete resulting in a total air content percent by 
volume per Table 1 below. 

a. Adjust dosage rate as necessary to compensate for shrinkage reducing 
admixtures. 

D. Slump: 

1. Measure slump at point of discharge into concrete members. 

2. Walls and columns: 
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a. 8 IN maximum, 4 IN minimum measured at the point of discharge into 
the concrete member. 

b. Slump shall be obtained by use of mid-range or high-range water 
reducer conforming to ASTM C494. 

3. All other members: 

a. Concrete using a water reducer per ASTM C494:  8 IN maximum, 4 IN 
minimum measured at the point of discharge into the concrete member. 

b. Concrete without a water reducer per ASTM C494:  5 IN maximum, 1 IN 
minimum measured at point of discharge into the concrete member. 

4. Concrete of lower than minimum slump may be used provided it can be 
properly placed and consolidated. 

5. Provide additional water or water reducing admixture at ready mix plant for 
concrete that is to be pumped to allow for slump loss due to pumping. 

a. Provide only enough additional water so that slump of concrete at 
discharge end of pump hose does not exceed maximum slump specified 
and the maximum specified water-cement ration is not exceeded. 

6. Slump may be adjusted in the field through the use of water reducers. 

a. Coordinate dosage and mixing requirements with concrete supplier. 

7. Slump tolerances shall comply with the requirements of ACI 117. 

E. Proportioning: 

1. General: 

a. Proportion ingredients to produce a mixture which will work readily into 
corners and angles of forms and around reinforcement by methods of 
placement and consolidation employed without permitting materials to 
segregate or excessive free water to collect on surface. 

b. Proportion ingredients to produce proper placability, durability, strength 
and other required properties. 

2. Normal weight concrete target cementitious materials contents and 
maximum water cementitious ratios per Table 1 below. 

a. Target cementitious materials contents are intended to provide a crack 
free, durable finished product, not one with excessive strength 

3. SCM: 

a. Fly ash: 

1) For cast-in-place concrete only, a maximum of 25 PCT by weight of 
Portland cement content per cubic yard may be replaced with fly ash 
at a rate of 1 LB fly ash for 1 LB cement. 

2) If fly ash is used, the water to fly ash plus cement ratio not to exceed 
the maximum water cement ratio specified in this Specification 
Section. 
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3) Concrete containing fly ash shall not be used in the construction of 
the precast concrete units specified in Specification Section 03 41 33. 

4. Water reducing, retarding, and accelerating admixtures: 

a. Use in accordance with manufacturer's instructions. 

b. Add to mix at batching plant. 

c. Use water-reducing or high-range water reducing admixture in concrete, 
as required, for placement and workability. 

1) Water reducers are required to maintain specified maximum water to 
cement ratios. 

5. High range water reducers (superplasticizers): 

a. Use required for: 

1) All concrete to be pumped except slabs on grade. 

2) All concrete for water containing structures. 

3) Other concrete members at Contractor’s option. 

b. Use required for all non-pumped concrete except slabs on grade and 
foundations. 

c. Maximum concrete slump before addition of admixture to be 3 IN 
maximum slump after addition to be 8 IN. 

d. Reference Specification Section 03 31 31 for additional requirements. 

6. Concrete mix proportioning methods for normal weight concrete: 

a. Method 1: 

1) Used when combination of materials proposed is to be evaluated and 
proportions selected to be on a basis of trial mixes. 

2) Produce mixes having suitable proportions and consistencies based 
on ACI 211.1, using at least three (3) different water cement ratios or 
cement contents which will produce a range of compressive strengths 
encompassing the required average strength. 

3) Design trial mixes to produce a slump within 0.75 IN of maximum 
specified, and for air entrained concrete, air content within 0.5 PCT 
specified. 

4) For each water cement ratio or cement content, make at least three 
(3) trial strength tests for specified test age, and cure in accordance 
with ASTM C192. 

a) Cylinder size:  Per ASTM C31. 

b) Test for strength at 28 days in accordance with ASTM C39. 

(1) Quantity of cylinders per trial strength test: 

(a) 6 IN DIA cylinders:  Two (2). 

(b) 4 IN DIA cylinders:  Three (3). 
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5) From results of these tests, plot a curve showing relationship 
between water cement ratio or cement content and compressive 
strength. 

6) From this curve select water cement ratio or cement content to be 
used to produce required average strength. 

7) Use cement content and mixture proportions such that maximum 
water cement ratio is not exceeded when slump is maximum 
specified. 

8) Base field control on maintenance of proper cement content, slump, 
air content and water cement ratio. 

9) See paragraph hereafter for definition of required average strength. 

b. Method 2: 

1) In lieu of trial mixes, field test records for concrete made with similar 
ingredients may be used. 

2) Use of proposed concrete mix proportions based on field test records 
subject to approval by Engineer based on information contained in 
field test records and demonstrated ability to provide the required 
average strength. 

3) Field test records to represent materials, proportions and conditions 
similar to those specified. 

a) Changes in the materials, proportions and conditions within the 
test records shall have not been more restricted than those for the 
proposed concrete mix. 

b) Field test records shall meet the requirements of ACI 318 and ACI 
350 Paragraph 5.3. 

4) Required concrete proportions may be established by interpolation 
between the strengths and proportions of two (2) or more test records 
each of which meets the requirements of this Specification Section. 

7. Required average strength to exceed the specified 28 day compressive 
strength by the amount determined or calculated in accordance with ACI 
318 and ACI 350, Chapter 5 using the standard deviation of the proposed 
concrete production facility as described in ACI 318 and ACI 350, Chapter 5. 

F. Flowable Fill: 

1. A mixture of cement, fly ash, fine sand, water and air having a consistency 
which will flow under a very low head. 

2. Approximate quantities of each component per cubic yard of mixed material: 

a. Cement (Type I or II):  50 LBS. 

b. Fly ash:  200 LBS. 

c. Fine sand:  2,700 LBS. 

d. Water (approximate):  420 LBS. 

e. Air content (approximate):  10 PCT. 
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3. Actual quantities shall be adjusted to provide a yield of 1 CY with the 
materials used. 

4. Approximate compressive strength should be 85 to 175 PSI. 

5. Fine sand shall be an evenly graded material having not less than 95 PCT 
passing the No. 4 sieve and not more than 5 PCT passing the No. 200 
sieve. 

 

 

TABLE 1 

TYPE OF CONCRETE 

28 DAY 
COMPRESSIVE 

STRENGTH 
W/C 

RATIO 

TARGET 
TOTAL 

CEMENT SCM 
ASTM C33 

Size No. 
AIR 

CONTENT 

 

Normal weight lean 
concrete 

3000 PSI 0.45 517 Note 1 7 5-1/2 to 8 
 

 

Normal weight concrete 
fill  

3000 PSI 0.45 517 Note 1 57 4-1/2 to 7-
1/2 

 

Normal weight concrete 
topping 

4000 PSI 0.45 564 Note 1 7 5-1/2 to 8  

Normal weight precast 
concrete 

5000 PSI 0.42 611  57 4-1/2 to 7-
1/2 

 

Normal weight water-
bearing concrete 

4500 PSI 0.42 564 Note 1  

67 

4-1/2 to 7-
1/2 

 

Normal weight all other 
concrete 

4000 PSI 0.45 564 Note 1  67 4-1/2 to 7-
1/2 

 

Table 1 Notes: 
1. If fly ash is proposed for use, the weight of fly ash plus weight of Portland cement shall be used to meet total target 

cement requirement. 

 

2.4 SOURCE QUALITY CONTROL 

A. To assure stockpiles are not contaminated or materials are segregated, perform 
any test for determining conformance to requirements for cleanness and 
grading on samples secured from aggregates at point of batching. 

PART 3 - EXECUTION 

3.1 FIELD QUALITY CONTROL 

A. Special Inspection: 

1. See Specification Section 01 45 33. 

2. See Specification Section 03 05 05. 

B. Perform concrete tests per Specification Section 03 05 05. 

1. Perform a strength test on all concrete to which water or superplasticizer, 
above the amount stated in the approved concrete mix design, has been 
added. 
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a. Perform sampling after water or superplasticizer has been added and 
additional mixing has been performed. 

END OF SECTION 
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SECTION 03 31 31 

CONCRETE MIXING, PLACING, JOINTING, AND CURING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Mixing, placing, jointing, and curing of concrete construction. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 05 05 - Concrete Testing and Inspection. 

4. Section 03 11 13 - Formwork. 

5. Section 03 21 00 - Reinforcement. 

6. Section 03 31 30 - Concrete, Materials and Proportioning. 

7. Section 03 35 00 - Concrete Finishing and Repair of Surface Defects. 

8. Section 07 92 00 - Joint Sealants. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. CT-13, Concrete Terminology. 

b. 304R, Guide for Measuring, Mixing, Transporting and Placing Concrete. 

c. 304.2R, Placing Concrete by Pumping Methods. 

d. 305.1, Specification for Hot Weather Concreting. 

e. 306.1, Standard Specification for Cold Weather Concreting. 

f. 308.1, Specification for Curing Concrete. 

g. 309R, Guide for Consolidation of Concrete. 

h. 360R, Guide to Design of Slabs-on-Ground. 

2. ASTM International (ASTM): 

a. C94/C94M, Standard Specification for Ready-Mixed Concrete. 

b. C309, Standard Specification for Liquid Membrane-Forming Compounds 
for Curing Concrete. 

c. C1315, Standard Specification for Liquid Membrane-Forming 
Compounds Having Special Properties for Curing and Sealing Concrete. 

d. D994, Standard Specification for Preformed Expansion Joint Filler for 
Concrete (Bituminous Type). 
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e. D1056, Standard Specification for Flexible Cellular Materials-Sponge or 
Expanded Rubber. 

f. D1751, Standard Specification for Preformed Expansion Joint Filler for 
Concrete Paving and Structural Construction (Nonextruding and 
Resilient Bituminous Types). 

3. Corps of Engineers (COE): 

a. CRD-C572, Specifications for Polyvinylchloride Waterstop. 

4. National Ready Mixed Concrete Association (NRMCA): 

a. Checklist for Certification of Ready Mixed Concrete Production Facilities. 

5. NSF International (NSF). 

B. Qualifications: 

1. Ready Mixed Concrete Batch Plant:  Certified by NRMCA. 

2. Waterstop manufacturer's representative shall provide on-site training of 
waterstop installation, field splicing, welding and inspection procedures prior 
to construction, and at no additional cost. 

1.3 DEFINITIONS 

A. Words and terms used in this Specification Section are defined in ACI CT-13. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

1) Procedure for adding high-range water reducer at the jobsite. 

c. Scaled (minimum 1/8 IN per foot) drawings showing proposed locations 
of construction joints, control joints, expansion joints (as applicable) and 
joint profile dimensions for each joint type. 

d. Manufacturers and types:   

1) Joint fillers. 

2) Curing agents. 

3) Construction joint bonding adhesive. 

4) Waterstops. 

3. Certifications: 

a. Ready mix concrete plant certification. 
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b. Waterstops:  Certificate of training from the waterstop manufacturer for 
the individuals performing field welds of waterstops. 

B. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Copies of concrete delivery tickets. 

3. Description of proposed curing methods. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Concrete Delivery: 

1. Prepare a delivery ticket for each load of ready mixed concrete. 

2. Truck operator shall hand ticket to Contractor at the time of delivery. 

3. Ticket to show:   

a. Mix identification. 

b. Quantity delivered. 

c. Amount of material in each batch. 

d. Outdoor temperature in the shade. 

e. Time at which cement was added. 

f. Time of delivery. 

g. Time of discharge. 

h. Amount of water that may be added at the site without exceeding the 
specified water-cement ratio. 

i. Amount of water added at the site. 

1.6 PROJECT CONDITIONS 

A. Adjust concrete mix design when material characteristics, job conditions, 
weather, strength test results or other circumstances warrant. 

1. Do not use revised concrete mixes until submitted to and approved by 
Engineer. 

1.7 SEQUENCING AND SCHEDULING 

A. Do not begin concrete production until proposed concrete mix design has been 
approved by Engineer. 

1. Approval of concrete mix design does not relieve Contractor of his 
responsibility to provide concrete that meets the requirements of the 
Contract Documents. 
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PART 2 - PRODUCTS 

2.1 PRODUCTS 

A. Subject to compliance with the Contract Documents, the manufacturers listed in 
this article are acceptable. 

B. Neoprene Expansion Joint Fillers: 

1. Acceptable manufacturers: 

a. Permaglaze. 

b. Rubatex. 

c. Williams Products. 

2. Materials: 

a. Closed cell neoprene. 

b. ASTM D1056, Type 2, Class A or C. 

c. Grade:  Compression deflection as required to limit deflection to 25 PCT 
of joint thickness under pressure from concrete pour height. 

C. Asphalt Expansion Joint Fillers: 

1. Acceptable manufacturers: 

a. W.R Meadows. 

b. J and P Petroleum Products. 

2. Materials:  ASTM D994. 

D. Fiber Expansion Joint Fillers: 

1. Materials:  ASTM D1751. 

E. Waterstops, PVC Type: 

1. Acceptable manufacturers: 

a. Greenstreak Plastic Products. 

b. W.R Meadows. 

c. Vinylex Corporation. 

d. Bometals, Inc. 

2. Materials: 

a. Virgin polyvinyl chloride compound not containing any scrap or reclaimed 
materials or pigment. 

b. Cast-in-place type:  COE CRD-572. 

3. Approved profiles as listed. 

a. Construction joints: 

1) Ribbed:  6 IN wide by 3/8 IN. 

2) Greenstreak Plastic Products Style #679, or equal. 

b. Control joints: 
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1) 6 IN wide by 3/8 IN thick with ribs and center bulb. 

2) Greenstreak Plastic Products Style #705, or equal. 

c. Expansion joint: 

1) 9 IN wide by 3/8 IN thick tear web type waterstop. 

2) Greenstreak Plastic Products Style #700, or equal. 

4. Provide factory-made waterstop fabrications at all changes in direction, 
intersections and transitions, leaving only straight butt splices for the field.  
Butt welds to be a minimum 6 IN from the intersection. 

5. Factory prepunched (12 IN centers, each edge) for wire supports. 

a. Provide hog rings or grommets at maximum 12 IN OC along the length of 
the waterstop at Contractor’s option. 

6. See Drawings for application and other requirements. 

F. Waterstops, Preformed Strip Type: 

1. Acceptable manufacturers: 

a. Greenstreak Plastics, Inc. (Hydrotite). 

b. Adeka Ultra Seal USA (MC-2010MN). 

c. DeNeef (Swellseal Plus). 

2. Hydrophilic, nonbentonite composition. 

3. Manufactured solely for the purpose of preventing water from traveling 
through construction joints. 

4. Volumetric expansion limited to 3 times maximum. 

5. See Drawings for application and other requirements. 

G. Water Swelling Sealant: 

1. Compatible with strip-type waterstop. 

2. Single component, gun applied. 

3. Moisture cured. 

4. Minimum 70 PCT volumetric expansion swelling capability. 

H. Curing Products to conform to one or more of the following: 

1. Absorbent Covers. 

2. Moisture Retaining Covers. 

a. Moisture Retaining Fabric. 

3. Dissipating curing compound: 

a. Fugitive dye, waterborne, membrane-forming. 
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b. ASTM C309, Type 1D, Class A or B, shall be composed of hydrocarbon 
resins, and dissipating agents that begin to break down upon exposure 
to UV light, and traffic, approximately four to six weeks after applications, 
providing a film that is removable with standard degreasing agents, and 
mechanized scrubbing actions so as to not impair the later addition and 
performance of applied finishes. 

c. Acceptable Products: 

1) DaytonSuperior Corporation; Day Chem Rez Cure (J-11-WD). 

2) Euclid Chemical Company (The); Kurez DR VOX. 

3) L&M Construction Chemicals, Inc.; L&M Cure R. 

4. Clear, water  or  solvent-borne, membrane-forming curing and sealing 
compound: 

a. ASTM C1315, Type 1, Class A. 

b. Moisture loss shall be not more than 0.40 Kg/m2 when applied at 300 
SQFT/GAL. 

c. Manufacturer's certification is required. 

d. Subject to project requirements, provide one of the following products: 

e. Products: 

1) Euclid Chemical Company (The); Super Diamond Clear, Luster Seal 
300 (exterior), Super Rez-Seal (interior). 

2) L&M Construction Chemicals, Inc.; Lumiseal Plus. 

3) Meadows, W.R., Inc.; CS-309/30. 

4) Euclid Chemical Company (The); Super Diamond Clear VOX. 

5) L&M Construction Chemicals, Inc.; Lumiseal WB Plus. 

6) Meadows, W.R., Inc.; Vocomp-30. 

I. Bonding Agent: 

1. Acceptable manufacturers: 

a. L&M Construction Chemicals, Inc. 

b. Sika. 

c. Euclid Chemical Co. 

2. Materials: 

a. Latex:  ASTM C1059, Type II. 

b. Epoxy:  ASTM C881, Type V. 

J. Vapor Retarder:  See Specification Section 07 26 00. 

K. Sand cement grout, non-shrink grout and epoxy grout:  See Specification 
Section 03 31 30. 

2.2 SOURCE QUALITY CONTROL 

A. The concrete plant shall conform to the Checklist for Certification of Ready 
Mixed Concrete Production Facilities of the NRMCA. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. General: 

1. Complete formwork. 

a. See Specification Section 03 11 13. 

2. Remove earth, snow, ice, water, and other foreign materials from areas that 
will receive concrete. 

3. Secure reinforcement in place. 

a. See Specification Section 03 21 00. 

4. Position expansion joint material, anchors and other embedded items. 

5. Obtain approval of reinforcement erection and placement prior to placing 
concrete. 

6. Do not place concrete during rain, sleet, or snow, unless adequate 
protection is provided and approval is obtained. 

a. Plan size of crews with due regard for effects of concrete temperature 
and atmospheric conditions on rate of hardening of concrete as required 
to obtain good surfaces and avoid unplanned cold joints. 

b. Do not allow rainwater to increase mixing water nor to damage surface 
finish. 

7. Prepare all construction joints for proper bond per the Construction Joints - 
Bonding Paragraph in PART 3 of this Specification Section. 

8. Coat all construction joints with an approved bonding material, before new 
concrete is placed. 

a. Apply proprietary bonding adhesive in accordance with manufacturer's 
instructions. 

9. Remove hardened concrete and foreign materials from inner surfaces of 
conveying equipment and formwork. 

10. Provide slabs and beams of minimum indicated required depth when sloping 
structural foundation base slabs and elevated slabs to drains. 

a. For floor slabs on grade, slope top of subgrade to provide slab of 
required uniform thickness. 

B. Preparation of Subgrade for Slabs On Ground: 

1. Subgrade to be wetted without standing water immediately prior to placing 
concrete. 

2. Obtain approval of subgrade compaction density prior to placing slabs on 
ground. 

C. Edge Forms and Screeds: 
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1. Set accurately to produce designated elevations and contours of finished 
surface. 

2. Sufficiently strong to support vibrating screeds or roller pipe screeds, if 
required. 

3. Use strike off templates, or approved vibrating type screeds, to align 
concrete surfaces to contours of screed strips. 

3.2 CONCRETE MIXING 

A. General: 

1. Provide all concrete from a central plant conforming to Checklist for 
Certification of Ready Mixed Concrete Production Facilities of the NRMCA. 

2. Batch, mix, and transport in accordance with ASTM C94/C94M. 

B. Control of Admixtures: 

1. Control at the batch plant: 

a. All admixtures to be introduced at the batch plant in accordance with 
manufacturer's recommendations. 

b. Charge admixtures into mixer as solutions. 

1) Measure by means of an approved mechanical dispensing device. 

2) Liquid considered a part of mixing water. 

3) Admixtures that cannot be added in solution may be weighed or 
measured by volume if so recommended by manufacturer. 

c. Add separately, when two or more admixtures are used in concrete, to 
avoid possible interaction that might interfere with efficiency of either 
admixture, or adversely affect concrete. 

d. Complete addition of retarding admixtures within one minute after 
addition of water to cement has been completed, or prior to beginning of 
last three quarters of required mixing, whichever occurs first. 

2. Control of Admixtures in the field: 

a. Additional quantities of admixtures (with the exception of retarders) may 
be added in the field provided: 

1) Addition of admixtures shall be under the supervision of the ready mix 
quality control representative. 

2) Addition of each admixture to be documented on the delivery ticket. 

3) Provide additional mixing per ASTM C94. 

C. Tempering and Control of Mixing Water: 

1. Mix concrete only in quantities for immediate use. 

2. Discard concrete which has set. 

3. Discharge concrete from ready mix trucks within time limit and drum 
revolutions stated in ASTM C94/C94M. 



WHCRWA CONCRETE MIXING, PLACING, JOINTING, AND 
CURING CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
CONCRETE MIXING, PLACING, JOINTING, AND CURING 

03 31 31 - 9 OF 24 

4. Addition of water at the jobsite: 

a. See Specification Section 03 31 30 for specified water cement ratio and 
slump. 

b. Do not exceed maximum specified water cement ratio or slump. 

c. Incorporate water by additional mixing equal to at least half of total 
mixing required. 

3.3 PLACING OF CONCRETE 

A. General: 

1. Place concrete as such a rate that concrete, which is being integrated with 
fresh concrete, is still workable. 

a. Select placement equipment and manpower in order to assure timely 
delivery of concrete into forms to avoid cold joints and placement issues. 

2. Comply with ACI 304R and ACI 304.2R. 

3. Do not begin placing concrete during rain, sleet, or snow. 

a. Protect fresh concrete from ensuing inclement weather. 

4. Do not deposit concrete which has partially hardened or has been 
contaminated by foreign materials. 

5. Begin work only when work of other trades affecting concrete is complete. 

6. Deposit concrete: 

a. Continuously to avoid cold joints. 

7. Locate construction joints at locations approved by Engineer. 

a. Plan size of crews with due regard for effects of concrete temperature 
and atmosphere conditions to avoid unplanned cold joints. 

8. Spreaders: 

a. Temporary:  Remove as soon as concrete placing renders their function 
unnecessary. 

b. Embedded: 

1) Obtain approval of Engineer. 

2) Materials:  Concrete or metal. 

3) Ends of metal spreaders coated with plastic coating 2 IN from each 
end. 

9. Deposit concrete as nearly as practicable in its final position to avoid 
segregation. 

a. Maximum free fall:  4 FT. 

b. Place concrete by means of hopper, elephant trunk or tremie pipe 
extending down to within 4 FT of surface placed upon. 

10. Perform the following operations before bleeding water has an opportunity to 
collect on surface: 
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a. Spread. 

b. Consolidate. 

c. Straightedge. 

d. Darby or bull float. 

11. No water shall be added to the concrete surface to ease finishing operation. 

B. Cold Weather Concrete Placement: 

1. Comply with ACI 306.1. 

2. Do not place concrete on subgrade that are below 32 DEGF or contain 
frozen material. 

3. Maintain all materials, forms, reinforcement, subgrade and any other items 
which concrete will come in contact with free of frost, ice or snow at time of 
concrete placement. 

4. Temperature of concrete when discharged at site:  Per ACI 306.1. 

5. Heat subgrade forms, embedments and reinforcement to between 45 and 
70 DEGF, when temperature of surrounding air is 40 DEGF or below at time 
concrete is placed. 

a. Remove all frost from subgrade, forms and reinforcement before 
concrete is placed. 

6. Combine water with aggregate in mixer before cement is added, if water or 
aggregate is heated above 90 DEGF. 

7. Do not mix cement with water or with mixtures of water and aggregate 
having a temperature greater than 90 DEGF. 

8. Follow ACI 360R-10 for specific requirements dealing with elevated steel 
troweled slabs that will be exposed to freeze-thaw cycles. 

C. Hot Weather Concrete Placement: 

1. Comply with ACI 305.1. 

2. Cool ingredients before mixing, or add flake ice or well crushed ice of a size 
that will melt completely during mixing for all or part of mixing water if high 
temperature, low slump, flash set, cold joints, or shrinkage cracks are 
encountered. 

3. Temperature of concrete at point of delivery (i.e. truck discharge) when 
placed: 

a. Not to exceed 95 DEGF. 

b. Not so high as to cause: 

1) Shrinkage cracks. 

2) Difficulty in placement due to loss of slump. 

3) Flash set. 

4. Temperature of forms and reinforcing when placing concrete: 
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a. Not to exceed 90 DEGF. 

b. May be reduced by spraying with water to cool below 90 DEGF. 

1) Leave no standing water to contact concrete being placed. 

5. Prevent plastic shrinkage cracking and/or slab curling due to evaporation. 

D. Consolidating: 

1. Consolidate in accordance with ACI 309R except as modified herein. 

2. Consolidate by vibration so that concrete is thoroughly worked around 
reinforcement, embedded items and into corners of forms. 

a. Eliminate: 

1) Air or stone pockets. 

2) Honeycombing or pitting. 

3) Planes of weakness. 

3. Use suitable form vibrators located just below top surface of concrete, where 
internal vibrators cannot be used in areas of congested reinforcing. 

a. Size and coordinate external vibrators to specifically match forming 
system used. 

4. Internal vibrators: 

a. Minimum frequency of 8000 vibrations per minute. 

b. Insert and withdraw at points approximately 18 IN apart. 

1) Allow sufficient duration at each insertion to consolidate concrete but 
not sufficient to cause segregation. 

c. Use in: 

1) Beams and girders of framed slabs. 

2) Columns and walls. 

3) Vibrating concrete around all waterstops. 

d. Size of vibrators shall be in accordance with ACI 309R, Table 5.1.5. 

5. Obtain consolidation of slabs with internal vibrators, vibrating screeds, roller 
pipe screeds, or other approved means. 

6. Do not use vibrators to transport concrete within forms. 

7. Provide spare vibrators on jobsite during all concrete placing operations. 

8. Bring a full surface of mortar against form by vibration supplemented if 
necessary by spading to work coarse aggregate back from formed surface, 
where concrete is to have an as-cast finish. 

9. Prevent construction equipment, construction operations, and personnel 
from introducing vibrations into freshly placed concrete after the concrete 
has been placed and consolidated. 
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E. Handle concrete from mixer to place of final deposit by methods which will 
prevent segregation or loss of ingredients and in a manner which will assure 
that required quality of concrete is maintained. 

1. Use truck mixers, agitators, and non-agitating units in accordance with 
ASTM C94/C94M. 

2. Horizontal belt conveyors: 

a. Mount at a slope which will not cause segregation or loss of ingredients. 

b. Protect concrete against undue drying or rise in temperature. 

c. Use an arrangement at discharge end to prevent segregation. 

d. Do not allow mortar to adhere to return length of belt. 

e. Discharge conveyor runs into equipment specially designed for 
spreading concrete. 

3. Metal or metal lined chutes: 

a. Slope not exceeding 1 vertical to 2 horizontal and not less than 1 vertical 
to 3 horizontal. 

b. Chutes more than 20 FT long and chutes not meeting slope 
requirements may be used provided they discharge into a hopper before 
distribution. 

c. Provide end of each chute with a device to prevent segregation. 

4. Pumping or pneumatic conveying equipment: 

a. Designed for concrete application and having adequate pumping 
capacity. 

b. Control pneumatic placement so segregation is avoided in discharged 
concrete. 

c. Loss of slump in pumping or pneumatic conveying equipment shall not 
exceed 1-1/2 IN. 

d. Do not convey concrete through pipe made of aluminum or aluminum 
alloy. 

e. Provide pumping equipment without Y sections. 

F. Placing of Concrete on Metal Deck: 

1. Prior to concrete placement, the metal deck shall be free of soil, debris, 
standing water, loose mill scale, and all other foreign matter. 

2. Care shall be exercised when placing concrete so that the deck will not be 
subject to construction loads or impact that exceed the design capacity of 
the deck. 

3. Concrete shall be placed in a uniform manner and spread toward the center 
of the deck span. 

4. If buggies are used to place concrete, runways shall be planked, and the 
buggies shall only operate on planking. 
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a. Planks shall be of adequate stiffness to transfer loads to the steel 
supports without damaging the deck. 

5. Deck damage caused by careless placement of concrete shall be repaired 
or replaced. 

6. Pour concrete to the elevations noted on Drawings. 

3.4 JOINTS AND EMBEDDED ITEMS 

A. Construction Joints - General: 

1. Locate joints as indicated on Contract Drawings or as shown on approved 
Shop Drawings. 

a. Where construction joint spacing shown on Drawings exceeds the joint 
spacing indicated in Paragraph B. below, submit proposed construction 
joint location in conformance with this Specification Section. 

2. Unplanned construction joints will not be allowed. 

a. If concrete cannot be completely placed between planned construction 
joints, then it must be removed. 

3. In general, locate joints near middle of spans of slabs, beams and girders 
unless a beam intersects a girder at this point, in which case, offset joint in 
girder a distance equal to twice the width of the beam. 

4. Locate joints in walls and columns at underside of floors, slabs, beams, or 
girders, and at tops of foundations or floor slabs, unless shown otherwise. 

a. At Contractor's option, beam pockets may be formed into concrete walls. 

b. Size pockets to allow beam reinforcing to be placed as detailed on 
Drawings. 

5. Place beams, girders, column capitals and drop panels at same time as 
slabs. 

6. Place corbels monolithically with walls. 

a. Locate wall vertical construction joints midway between corbels. 

b. Where only a single corbel is located place it also monolithically with wall 
and locate wall vertical construction joint a minimum of 3 FT from face of 
corbel. 

7. Make joints perpendicular to main reinforcement with all reinforcement 
continuous across joints. 

8. Provide the following joints unless noted otherwise on Drawings: 

a. Roughen joints:  horizontal construction joints. 

b. Keyed joints:  vertical construction joints. 

9. Roughen construction joints: 

a. Clean the previously hardened concrete interface and remove all 
laitance. 

b. Intentionally roughen the interface to a full amplitude of 1/4 IN. 
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10. Keyways: 

a. Construction joint keyways shall have the following dimensions, unless 
shown otherwise on Drawings. 

b. Wall keys: 

1) Keyway width, not less than 1/3 and not more than 1/2 the wall 
thickness measured perpendicular to wall faces. 

2) Keyway depth to be not less than 1-1/2 IN. 

3) Continuous along length of wall. 

4) Place keyway in wall center unless shown otherwise on Drawings. 

c. Keyways in footings, foundations, base slabs, and structural or elevated 
slabs: 

1) Keyway height not less than 1/3 and not more than 1/2 the footing or 
slab thickness. 

2) Keyway depth not less than 1-1/2 IN. 

3) Continuous along footing or slab. 

4) Keyway in footing or slab center unless shown otherwise on 
Drawings. 

d. Beam keyways: 

1) Full width of beam. 

2) Keyway height not less than 5-1/2 IN. 

3) Keyway depth not less than 1-1/2 IN. 

4) Keyway located in initial beam pour, directly above the bottom 
reinforcing, unless shown otherwise on Drawings. 

11. Minimum time before placement of adjoining concrete construction: 

a. All concrete:  72 HRS. 

B. Construction Joints - Spacing Unless Otherwise Specified: 

1. Structures not intended to contain liquid: 

a. Wall vertical construction joints: 

1) 50 FT maximum centers. 

2) At wall intersections, 4 FT minimum from corner. 

b. Base slab, floor, and roof slab construction joints: 

1) Placements to be approximately square and not to exceed 2500 
SQFT. 

2) Maximum side dimension of a slab pour to be 70 FT. 

2. Water retaining structures: 

a. Wall vertical construction joints: 

1) 30 FT maximum centers. 

2) At wall intersections, 10 FT minimum from corner. 



WHCRWA CONCRETE MIXING, PLACING, JOINTING, AND 
CURING CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
CONCRETE MIXING, PLACING, JOINTING, AND CURING 

03 31 31 - 15 OF 24 

b. Wall horizontal construction joints:  18 FT centers. 

c. Floor slab, construction joints: 

1) Placements to be approximately square and not to exceed 2000 
SQFT. 

2) Maximum side dimension of a slab pour to be less than: 

a) Twice the length of the short side. 

b) 60 FT. 

d. Elevated slab construction joints: 

1) Placements to be approximately square and not to exceed 4000 
SQFT. 

2) Maximum side dimension of a slab pour to be less than: 

a) Twice the length of the short side. 

b) 70 FT. 

C. Construction Joints - Bonding: 

1. Obtain bond between concrete pours at construction joints by thoroughly 
cleaning and removing all laitance from construction joints. 

2. Before new concrete is placed, all construction joints shall be coated with 
cement grout, or dampened, as outlined below: 

3. Roughen construction joints: 

a. Roughen the surface of the concrete to expose the coarse aggregate 
uniformly with 1/4 IN minimum amplitude. 

1) Remove laitance, loosened particles of aggregate or damaged 
concrete at the surface, or at the Contractor's option, use an 
approved chemical retarder which delays but does not prevent setting 
of the surface of the mortar in accordance with the manufacturer's 
recommendations. 

a) Retarded mortar shall be removed within 24 HRS after placing to 
produce a clean exposed aggregate bonding surface. 

b. Dampen the hardened concrete immediately prior to placing of fresh 
concrete or grout.   

4. Keyed construction joints: 

a. Thoroughly clean construction joints and remove all laitance. 

b. Dampen the hardened concrete immediately prior to placing of fresh 
concrete. 

D. Slab On Grade Joints: 

1. Locate construction and control joints in slabs on grade as indicated on 
Drawings. 

2. Time cutting properly with set of concrete, if saw cut joints are required or 
permitted. 
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a. Start cutting as soon as concrete has hardened sufficiently to prevent 
aggregates being dislodged by saw. 

b. Complete before shrinkage stresses become sufficient to produce 
cracking. 

E. Expansion Joints: 

1. Do not permit reinforcement or other embedded metal items bonded to 
concrete (except smooth dowels bonded on only one side of joint) to extend 
continuously through an expansion joint. 

2. Use neoprene expansion joint fillers, unless noted otherwise on Drawings. 

3. Seal expansion joints as shown on Drawings. 

a. See Specification Section 07 92 00 for requirements. 

F. Waterstops - General: 

1. Waterstop to be continuous with splices in accordance with manufacturer's 
instructions and create water tight joints. 

2. Do not mix different types of waterstop materials in the same structure 
without specific approval from the Engineer unless shown on Drawings. 

3. Preformed strip type: 

a. Locate waterstop at center of wall, unless noted otherwise on Drawings. 

1) Maintain at least 3 IN from edge of concrete. 

b. Install in a bed of swelling sealant on smooth surface of hardened 
concrete by use of nails, adhesive or other means as recommended by 
manufacturer to prevent movement of waterstop during placement of 
concrete. 

c. Roughened joints shall be especially prepared during concrete 
placement to provide smooth surface for proper water stop installation. 

d. Use in joints against existing concrete where indicated on Drawings. 

4. PVC waterstops: 

a. Position waterstop accurately in joints, with adequate clearance from all 
reinforcing. 

b. Secure waterstops in correct position using hog rings or grommets 
spaced 24 IN maximum staggered along each edge full length and 
passed through the edge of the waterstop. 

1) Tie wire to adjacent reinforcing. 

c. Hold horizontal waterstops in place with continuous supports. 

d. Install according to manufacturer's instructions. 

1) Do not displace reinforcement from required location. 

e. Splice ends and intersections with perpendicular butt splice using 
electrical splicing iron in accordance with manufacturer's instructions. 

1) Use factory fabricated "T" and corner intersection fittings. 
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2) Field splice straight runs of material. 

f. Unless otherwise noted, use for all construction joints in new 
construction for all structures indicated on Drawings. 

G. Other Embedded Items: 

1. Place sleeves, inserts, anchors, and embedded items required for adjoining 
work or for its support, prior to initiating concreting. 

a. Give Contractor whose work is related or integral to concrete, or 
supported by it, ample notice and opportunity to furnish and install items 
before placing concrete. 

2. Do not route electrical conduit, drains, or pipes in concrete slabs, walls, 
columns, foundations, beams or other structural members unless approved 
by Engineer. 

H. Placing Embedded Items: 

1. Support against displacement. 

2. Fill voids in sleeves, inserts and anchor slots temporarily with readily 
removable material to prevent entry of concrete into voids. 

3. Provide adequate means for anchoring waterstop in concrete. 

a. Provide means to prevent waterstops in the forms from being folded over 
by the concrete as it is placed. 

3.5 FINISHING 

A. See Specification Section 03 35 00. 

B. Coordinate mixing and placing with finishing. 

3.6 INSTALLATION OF GROUT 

A. Grout Schedule of Use: 

1. Sand cement grout: 

a. Fill keyways of precast HCU. 

b. Wall-to-slab construction joint bonding. 

2. Non-shrinking non-metallic grout: 

a. Filling form tie holes. 

b. Under column and beam base plates. 

c. Other uses indicated on the Drawings. 

3. Epoxy grout: 

a. Patching cavities in concrete. 

b. Grouting of dowels and anchor bolts into existing concrete. 

c. Grouting of equipment base plates where driving motor is 500 HP and 
above. 

d. Other uses indicated on the Drawings. 
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B. Grout Installation: 

1. Sand cement grout: 

a. Fill keyways between precast concrete hollow core slabs with sand 
cement grout. 

b. Consolidate grout by rodding or by other means to assure complete 
filling of keyways. 

c. Cure grout by one of methods specified. 

2. Non-shrink non-metallic grout: 

a. Clean concrete surface to receive grout. 

b. Saturate concrete with water for 24 HRS prior to grouting. 

c. Mix in a mechanical mixer. 

d. Use no more water than necessary to produce flowable grout. 

e. Place in accordance with manufacturer's instructions. 

f. Provide under beam, column, and equipment base plates, in joints 
between precast concrete filter slabs, and in other locations indicated on 
the Drawings. 

g. Completely fill all spaces and cavities below the top of base plates. 

h. Provide forms where base plates and bed plates do not confine grout. 

i. Where exposed to view, finish grout edges smooth. 

j. Except where a slope is indicated on the Drawings, finish edges flush at 
the base plate, bed plate, member or piece of equipment. 

k. Coat exposed edges of grout with cure or seal compound recommended 
by the grout manufacturer. 

3. Epoxy grout: 

a. Mix and place in accordance with manufacturer's instructions. 

b. Apply only to clean, dry, sound surface. 

c. Completely fill all cavities and spaces around dowels and anchors 
without voids. 

d. Grout base and bed plates as specified for non-shrinking, non-metallic 
grout. 

e. Obtain manufacturer's field technical assistance as required to assure 
proper placement. 

3.7 CURING AND PROTECTION 

A. Protect concrete from premature drying, excessively hot or cold temperatures, 
and mechanical injury immediately after placement, and maintain with minimal 
moisture loss at relatively constant temperature for period necessary for 
hydration of cement, hardening, and compressive strength gain. 

1. Follow recommendations of ACI 308.1 except as modified herein. 



WHCRWA CONCRETE MIXING, PLACING, JOINTING, AND 
CURING CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
CONCRETE MIXING, PLACING, JOINTING, AND CURING 

03 31 31 - 19 OF 24 

2. All traffic shall be kept from the surface as necessary to protect the concrete 
but not less than the first 48 HRS of curing. 

B. For surfaces of non-water bearing structures, apply one of the following curing 
procedures immediately after completion of placement and finishing (surfaces 
not in contact with forms). 

1. Ponding or continuous sprinkling.  Take care to avoid eroding the surface of 
freshly placed concrete. 

2. Application of wet Absorbent Covers:   

a. Minimum lap:  12 IN. 

b. Provide continuous uniform supply of moisture, such as sprinklers or 
soaker hoses as required to keep concrete surface continuously wet. 

c. Monitor Absorbent Covers as required to prevent cover materials or 
concrete surface from drying out. 

3. Application of sand kept continuously wet. 

4. Continuous application of steam (not exceeding 150 DEGF) or mist spray. 

5. Application of Moisture Retaining Cover sheet materials. 

a. Place as soon as possible after final finishing and without marring the 
surface. 

b. Minimum lap:  12 IN. 

c. Seal all edges to make water-tight. 

d. Place Moisture Retaining Cover in intimate contact with the concrete 
surface, without wrinkles and weighted to hold in place. 

e. Hold cover and edges in place as required to prevent wind from 
displacing the cover. 

f. Moisture Retaining Fabric: 

1) Install in accordance with manufacturer’s written recommendations. 

2) Saturate concrete surface and fabric side of cover immediately prior 
to placing. 

g. Monitor continuously during the curing period: 

1) Repair any holes, tears or displaced cover. 

2) Rewet as required to keep concrete moist under cover. 

6. Application of other moisture retaining covering as approved by Engineer. 

7. Water used for curing shall be within 20 DEGF of the concrete temperature. 

8. Application of a curing compound. 

a. Apply curing compound in accordance with manufacturer's 
recommendations immediately after any water sheen, which may 
develop after finishing, has disappeared from concrete surface. 
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b. Do not use on any surface against which additional concrete or other 
material is to be bonded unless it is proven that curing compound will not 
prevent bond. 

c. Where a vertical surface is cured with a curing compound, the vertical 
surface shall be covered with a minimum of two coats of the curing 
compound. 

1) Apply the first coat of curing compound to a vertical surface 
immediately after form removal. 

2) The vertical concrete surface at the time of receiving the first coat 
shall be damp with no free water on the surface. 

3) Allow the preceding coat to completely dry prior to applying the next 
coat. 

4) A vertical surface:  Any surface steeper than 1 vertical to 4 horizontal. 

d. Curing compounds used in water treatment plant construction shall be 
non-toxic and taste and odor free, and NSF approved. 

1) Alternately, all tank surfaces shall be cleaned to remove non-NSF 
approved curing compound without damaging the concrete finish. 

9. Surfaces In Contact with Forms: 

a. Formed surfaces:  Cure formed concrete surfaces utilizing final curing 
methods per ACI 308.1, including underside of beams, supported slabs, 
and other similar surfaces, 

1) See Section 03 11 13. 

b. Minimize moisture loss from and temperature gain of concrete placed in 
forms exposed to heating by sun by keeping forms wet and cool until 
they can be safely removed. 

c. Make provisions to keep concrete wall moist while stripping forms and 
until curing measures are in place. 

d. After form removal, cure concrete until end of time prescribed. 

e. Use one of the methods listed above. 

f. Forms left in place shall not be used as a method of curing in hot 
weather. 

g. The term "hot weather", where used in these specifications, is defined in 
ACI 305.1. 

h. In hot weather, remove forms from vertical surfaces as soon as concrete 
has gained sufficient strength so that the formwork is no longer required 
to support the concrete. 

C. For Surfaces of Water Bearing Structures: 

1. Protect concrete from premature drying, excessively hot or cold 
temperatures, and mechanical injury immediately after placement, and 
maintain with minimal moisture loss at relatively constant temperature for 
period necessary for hydration of cement, hardening, and compressive 
strength gain. 
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a. Follow recommendations of ACI 308.1 except as modified herein. 

b. Use Evaporation Retardant to reduce surface moisture evaporation of 
slabs during concrete placement.  Comply with all the manufacturer’s 
instructions of use as required to obtain the intended results. 

2. Apply one of the following moist curing procedures immediately after 
completion of placement and finishing, for concrete surfaces not in contact 
with forms. 

a. Ponding or continuous sprinkling. 

b. Application of absorptive mats or fabric kept continuously wet and in 
intimate contact with concrete. 

c. Surfaces shall be covered with a double layer of absorptive mats or 
fabric, wetted before placing, and overlapped at least 6 IN.  

d. Application of sand kept continuously wet. 

e. Continuous application of steam (not exceeding 150 DEGF) or mist 
spray. 

f. Ponding and sprinkling in conjunction with application of waterproof 
sheet materials, conforming to ASTM C171 and only with a program as 
approved by the Engineer that will keep the surface continuously wet. 

g. Ponding and sprinkling in conjunction with application of other moisture 
retaining covering as approved and only with a program as approved by 
the Engineer that will keep the surface continuously wet. 

3. After seven full days of moist curing, application of a curing compound 
conforming to ASTM C309 or ASTM C1315 may be substituted for moist 
curing. 

1) Apply curing compound in accordance with manufacturer's 
recommendations immediately after any water sheen which may 
develop during moist curing has disappeared from concrete surface.  

2) Do not use on any surface against which additional concrete or other 
material is to be bonded unless it is proven that curing compound will 
not prevent bond. 

3) Where a surface is cured with a curing compound, the surface shall 
be covered with a minimum of two coats of the curing compound, 30 
MILS thick each coat. 

a) Apply the first coat of curing compound immediately after form 
removal or discontinued moist curing and before the surface 
displays water loss.  Apply in one direction only, covering 
uniformly to a minimum thickness of 30 MILS. 

b) The concrete surface at the time of receiving the first coat shall be 
damp with no free water on the surface. 

c) Allow the preceding coat to completely dry prior to applying the 
next coat. 
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d) Apply second coat in direction perpendicular to the first coat 
application direction, covering uniformly to a minimum thickness of 
30 MILS. 

4) Curing compounds used in water treatment plant construction shall 
be non-toxic and taste and odor free and be NSF approved. 

a) Alternately, all tank surfaces shall be cleaned to remove non-NSF 
approved curing compound without damaging the concrete finish. 

D. Curing Period: 

1. Continue curing for at least 14 days for all water bearing concrete except 
high early strength concrete for which period shall be at least three days. 

2. Continue curing for at least seven days for all non- water bearing concrete 
except Type III, high early strength concrete for which period shall be at 
least three days. 

a. If one of curing procedures indicated above is used initially, it may be 
replaced by one of other procedures indicated any time after concrete is 
seven days old, provided concrete is not permitted to become surface 
dry during transition. 

E. Cold Weather: 

1. Follow recommendations of ACI 306.1. 

2. Maintain temperature of concrete per ACI 306.1 for a minimum of 72 HRs 
after concrete is placed, when outdoor temperature is 40 DEGF, or less. 

a. Maximum temperature rate of decrease:  Per ACI 306.1. 

3. Use heating, covering, insulating, or housing of the concrete work to 
maintain required temperature without injury due to concentration of heat. 

4. Do not use combustion heaters unless precautions are taken to prevent 
exposure of concrete to exhaust gases which contain carbon dioxide. 

5. Interior slabs in areas intended to be heated shall be adequately protected 
so that frost does not develop in the supporting subgrade. 

F. Hot Weather: 

1. Follow recommendations of ACI 305.1 and ACI 308.1. 

2. Make provision for cooling forms, reinforcement and concrete, windbreaks, 
shading, fog spraying, sprinkling, ponding, or wet covering with a light 
colored material. 

3. Provide protective measures as quickly as concrete hardening and finishing 
operations will allow. 

4. Maximum temperature rate of decrease:  Per ACI 305.1. 

G. Rate of Temperature Change: 
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1. Keep changes in temperature of air immediately adjacent to concrete as 
uniform as possible, during and immediately following curing period. 

H. Protection from Mechanical Injury: 

1. Protect concrete from damaging mechanical disturbances, such as load 
stresses, heavy shock, and excessive vibration. 

2. Protect finished concrete surfaces from damage by construction equipment, 
materials, or methods, and by rain or running water. 

3. Do not load self supporting structures in such a way as to overstress 
concrete. 

3.8 FIELD QUALITY CONTROL 

A. Special Inspection: 

1. See Section 01 45 33. 

2. See Section 03 05 05. 

END OF SECTION
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SECTION 03 35 00 

CONCRETE FINISHING AND REPAIR OF SURFACE DEFECTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Concrete finishing and repair of surface defects. 

2. Chemical Sealers. 

3. Polymer Modified Cementitious Coating. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 11 13 - Formwork. 

4. Section 03 31 30 - Concrete, Materials and Proportioning. 

5. Section 03 31 31 - Concrete Mixing, Placing, Jointing and Curing. 

6. Section 09 91 00 - Painting and Protective Coatings. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. CT-13, Concrete Terminology. 

b. 117, Specification for Tolerances for Concrete Construction and 
Materials. 

c. 303R, Guide to Cast-in-Place Architectural Concrete Practice. 

d. 308, Standard Practice for Curing Concrete. 

2. ASTM International (ASTM): 

a. C109, Standard Test Method for Compressive Strength of Hydraulic 
Cement Mortars (Using 2-in. Cube Specimens). 

b. C150, Standard Specification for Portland Cement. 

c. C157, Standard Test Method for Length Change of Hardened Hydraulic-
Cement Mortar and Concrete. 

d. C309, Standard Specification for Liquid Membrane-Forming Compounds 
for Curing Concrete. 

e. C666, Standard Test Method for Resistance of Concrete to Rapid 
Freezing and Thawing. 

f. C779, Standard Test Method for Abrasion Resistance of Horizontal 
Concrete Surfaces. 
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g. C1315, Standard Specification for Liquid Membrane-Forming 
Compounds Having Special Properties for Curing and Sealing Concrete. 

h. D4258, Standard Practice for Surface Cleaning Concrete for Coating. 

i. D4259, Standard Practice for Abrading Concrete. 

j. E1155, Standard Test Method for Determining F(F) Floor Flatness and 
F(L) Floor Levelness Numbers. 

k. E1486, Standard Test Method for Determining Floor Tolerances Using 
Waviness, Wheel Path and Levelness Criteria. 

3. International Concrete Repair Institute (ICRI): 

a. 310.2R, Selecting and Specifying Concrete Surface Preparation for 
Sealers, Coatings, and Polymer Overlays. 

4. National Council Highway Research Program (NCHRP): 

a. 244, Concrete Sealers for the Protection of Bridge Structures. 

5. The Society for Protective Coatings/NACE International (SSPC/NACE): 

a. SP 13/NACE No. 6, Surface Preparation of Concrete. 

B. Qualifications: 

1. Chemical Sealer CS-2: 

a. Applicator shall be factory trained and approved, in writing, by the 
manufacturer to apply the product. 

b. Applicator shall have a minimum of five (5) years experience 
successfully applying materials specified. 

C. Mock-Ups. 

1. General: 

a. Construct additional mock-ups as required until accepted. 

b. Mock-ups constitute minimum standard of quality for actual construction. 

c. Maintain mock-up during construction. 

d. Remove when directed by Engineer. 

2. Construct mock-up for each type of wall finish specified for review and 
acceptance by Engineer. 

a. Minimum 4 x 4 FT area for each different wall finish specified. 

b. Mock-ups shall include: 

1) Sample of patched tie hole. 

2) Sample of all jointery being used in the walls. 

c. Include mock-up of wall having polymer modified cementitious coating. 

1) Mock-up shall be stepped to show surface preparation, repairs and 
coating in all stages of application. 

3. Construct mock-up floor slab for review and acceptance by Engineer. 

a. Minimum 10 x 10 FT. 
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1.3 DEFINITIONS 

A. Vertical Surface Defects: 

1. Any void in the face of the concrete deeper than 1/8 IN, such as: 

a. Tie holes. 

b. Air pockets (bug holes). 

c. Honeycombs. 

d. Rock holes. 

2. Scabbing: 

a. Scabbing is a defect in which parts of the form face, including release 
agent, adhere to concrete. 

3. Foreign material embedded in face of concrete. 

4. Fins 1/16 IN or more in height. 

B. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

C. Other words and terms used in this Specification Section are defined in ACI CT-
13. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

3. Certifications: 

a. Certification of aggregate gradation. 

b. Certification of manufacturer experience qualifications and performance 
history. 

c. Certification of applicator's qualifications. 

1) Refer to Qualifications paragraph. 

2) Provide manufacturer's written approval of applicators. 

3) Provide references substantiating specialty experience. 

B. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 
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1.5 DELIVERY, STORAGE, AND HANDLING 

A. Comply with manufacturer's recommendations and requirements for materials 
used. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Bonding Agents: 

a. BASF Master Builders Solutions. 

b. Euclid Chemical Co. 

c. Laticrete  - L&M Construction Chemicals. 

2. Chemical Sealers: 

a. BASF Master Builders Solutions. 

b. Euclid Chemical Co. 

c.  Laticrete  - L&M Construction Chemicals. 

d. Tnemec Chemprobe. 

3. Patching Mortar: 

a. BASF Master Builders Solutions. 

b. Euclid Chemical Co. 

c. Laticrete - L&M Construction Chemicals. 

d. Sika Corporation. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Chemical Sealer CS-1: 

1. High solids, water-based solution containing acrylic copolymers. 

a. ASTM C1315, Type I, Class A. 

b. Non-yellowing UV resistant. 

c. VOC Content:  <200 g/L. 

2. USDA approved as a concrete floor sealer. 

3. Euclid Chemical Super Diamond Clear VOX. 

B. Chemical Sealer CS-2: 

1. Water based chemical solution containing a blend of silicate and siliconate 
polymers designed to seal, harden and dustproof concrete floors. 

2. VOC Content:  0 g/L. 
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3. Performance of treated concrete floor: 

a. Coefficient of Friction:   

1) Dry:  0.81. 

2) Wet:  0.72. 

b. Liquid repellency, RILEM Method 11.4: 

1) ≥ 1 mL. 

4. Euclid Chemical Euco Diamond Hard. 

C. Patching Mortar:  Trowelable cementitious repair mortar for vertical, overhead, 
and horizontal repairs. 

1. Portland cement-based, rapid set repair mortar for interior or exterior use. 

2. Compressive Strength, ASTM C109: 

a. Minimum 3000 PSI at 7 days. 

b. Minimum 5000 PSI at 28 days. 

3. Freeze Thaw Durability, ASTM C666:  96.75 PCT at 300 Cycles. 

4. Shrinkage, ASTM C157:  0.069 PCT. 

5. Euclid Chemical Speed Crete Red Line. 

D. Bonding Agents: 

1. For use only on concrete surfaces not receiving liquid water repellent 
coating: 

a. High solids acrylic latex base liquid for interior or exterior application as a 
bonding agent to improve adhesion and mechanical properties of 
concrete patching mortars. 

1) BASF Master Builders MasterEmaco A 660. 

2) Euclid Chemical Co. Flex-Con. 

3) Laticrete L&M Everbond. 

2. For use only on concrete surface receiving liquid water repellent: 

a. Non-acrylic base liquid for interior or exterior application as a bonding 
agent to improve adhesion and mechanical properties of concrete 
patching mortars. 

E. Cement: 

1. ASTM C150, Type I Portland. 

F. Aggregate: 

1. Sand:  Maximum size #30 mesh sieve. 

2. For exposed aggregate finish surfaces:  Same as surrounding wall. 

G. Water:  Potable. 

H. Polymer modified cementitious coating: 
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1. Polymer modified Portland cement based coating for concrete and masonry. 

a. Waterproof. 

b. Resistant to both positive and negative hydrostatic pressure. 

c. Breathable. 

2. BASF MasterSeal 581 or Euclid Chemical Tamoseal. 

a. Color:   

1) Exterior surfaces:  Standard  

b. Texture:  Fine. 

I. Nonshrink Grout:  See Specification Section 03 31 30 and Specification Section 
03 31 31. 

2.3 MIXES 

A. Bonding Grout:  One (1) part cement to one (1) part aggregate. 

B. Patching Mortar: 

1. One (1) part cement to two and one-half (2-1/2) parts aggregate by damp 
loose volume. 

a. Substitute white Portland cement for a part of gray Portland cement to 
produce color matching surrounding concrete. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. For methods of curing, see Specification Section 03 31 31. 

B. Surface Preparation: 

1. Clean surfaces in accordance with ASTM D4258 to remove dust, dirt, form 
oil, grease, or other contaminants prior to abrasive blasting, chipping, 
grinding or wire brushing. 

2. Prepare surfaces in accordance with ASTM D4259 and SSPC SP 13/NACE 
No. 6 to completely open defects down to sound concrete and remove 
laitance. 

a. Provide concrete surface profile (CSP) in accordance with ICRI 310.2:  

1) Areas to receive Repair Mortar:   

a) Areas larger than 1 SF or deeper than 1/4 IN Abrasive blast, 
scarify or needle scale to CSP No. 6-8. 

b. If additional chipping or wire brushing is necessary, make edges 
perpendicular to surface or slightly undercut. 

c. No featheredges will be permitted. 

d. Rinse surface with clean water to remove all dust, dirt, debris, loosened 
concrete, laitance, and other contaminants. 
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C. Preparation of Bonding Grout Mixture: 

1. Mix cement and aggregate. 

2. Mix bonding agent and water together in separate container in accordance 
with manufacturer's instructions. 

3. Add bonding agent/water mixture to cement/aggregate mixture. 

4. Mix to consistency of thick cream. 

5. Bonding agent itself may be used as bonding grout if approved by 
manufacturer and Engineer. 

D. Preparation of Patching Mortar Mixture: 

1. Mix specified patching mortar per manufacturer’s published 
recommendations. 

2. For repairs exceeding 2 IN in depth, mix with clean, pre-dampened 3/8 IN 
pea gravel in accordance with the manufacturer’s recommendations. 

E. Polymer modified cementitious coating: 

1. Mix in accordance with manufacturer's recommendations using bonding 
agent acceptable to coating manufacturer. 

3.2 INSTALLATION AND APPLICATION 

A. Do not repair surface defects or apply wall or floor finishes when temperature is 
or is expected to be below 50 DEGF. 

1. If necessary, enclose and heat area to between 50 and 70 DEGF during 
repair of surface defects and curing of patching material. 

a. Use only clean fuel, indirect fired heating apparatus. 

b. Exhaust combustion byproducts outside of work area. 

B. Chemical Sealer Application: 

1. General:   

a. Immediately prior to Substantial Completion, thoroughly clean floor in 
accordance with ASTM D4258 and prepare to receive chemical sealer. 

1) Remove previously applied membrane curing compounds. 

2) Remove soil, oils, stains, discoloration, or any other imperfection 
having a negative impact on the appearance of the finished floor. 

b. Apply product to floor areas indicated on the Drawings. 

c. Apply in accordance with manufacturer's published installation 
instructions. 

2. Chemical Sealer (CS-1): 

a. Apply two (2) uniform coats at rate recommended by manufacturer. 

1) Apply using manufacturer’s recommended equipment with a fan-tip 
nozzle. 



CONCRETE FINISHING AND REPAIR OF SURFACE 
DEFECTS 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
CONCRETE FINISHING AND REPAIR OF SURFACE DEFECTS 

03 35 00 - 8 OF 14 

2) Do not allow material to puddle. 

b. Allow first coat to completely dry before applying second coat. 

c. Spotted or mottled appearances will not be accepted. 

d. Provide CS-1 for rooms requiring concrete sealer in the Operations 
Building and Electrical Buildings as indicated on the Drawings. 

3. Chemical Sealer (CS-2): 

a. Apply two (2) uniform coats at rate recommended by manufacturer. 

1) Scrub the material into the floor using a mechanical scrubber. 

a) Keep the surface wet for not less than 30 minutes.   

b) Continue scrubbing in accordance with manufacturer’s application 
instructions. 

c) After material has thickened, but not more than 60 minutes after 
application, remove all excess liquid. 

2) Thoroughly rinse with clean water to remove all residue. 

a) Damp mop with clean water to remove any streaks. 

b) Do not allow residue to dry on floor surface. 

3) Do not track material onto untreated surfaces. 

b. After rinsing, allow floor to dry completely and apply second coat 
following the same procedures. 

c. Final floor finish shall have uniform sheen without streaking, stains or 
white residue. 

d. Provide CS-2 for rooms requiring concrete sealer in the High Service 
Pump Station, Chemical Building, and Maintenance Building as indicated 
on the Drawings. 

C. Repairing Surface Defects: 

1. This method is to be used on vertical concrete surfaces as indicated in the 
Concrete Finishes for Vertical Wall Surfaces paragraph of this Specification 
Section and similar concrete surfaces not otherwise specified to receive 
another finish or coating. 

a. For surfaces indicated to receive finish or coating other than those 
specified herein; refer to the applicable Specification Section for surface 
preparation requirements: 

1) Fluid Applied Waterproofing:  See Specification Section 07 11 14.  

2) High Performance Industrial Coatings: See Specification Section 09 
91 00. 

2. Fill and repair surface defects and tie-holes using patching mortar mix 
specified in the MATERIALS Article in PART 2. 

a. Prime exposed reinforcing steel, embeds or other steel surfaces with 
primer as recommended by patching mortar manufacturer. 
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b. Scrub bond coat:   

1) Wet substrate to a saturated surface dry (SSD) condition. 

2) Mix patching mortar to a scrub coat or slurry consistency per 
manufacturer’s published recommendations and apply to entire area. 

c. As an alternate to the scrub bond coat, concrete may be primed with 
manufacturer’s recommended epoxy primer. 

d. Patching Mortar Application:  

1) Mix and apply Patching Mortar per manufacturer’s recommendations 
within the open time of the product scrub coat or any bonding agents.  

2) Finish to level of surrounding concrete surface utilizing techniques 
recommended by manufacturer. 

3. Consolidate patching mortar into place and strike off so as to leave patch 
slightly higher than surrounding surface. 

4. Leave undisturbed until mortar has stiffened before finishing level with 
surrounding surface. 

a. Do not use steel tools in finishing a patch in a formed wall which will be 
exposed to view. 

5. Cure patching mortar in accordance with ACI 308. 

D. Concrete Finishes for Vertical Wall Surfaces: 

1. General:   

a. Give concrete surfaces finish as specified below after removal of 
formwork and repair of surface defects. 

b. Finish numbers not listed are "Not Used". 

2. Finish #1 - As cast rough form finish: 

a. Selected forming materials are not required. 

b. Prepare surface in accordance with the PREPARATION Article in PART 
3 of this Specification Section. 

c. Repair the following surface defects using patching mortar specified in 
PART 2: 

1) Tie holes. 

2) Honeycombs deeper than 1/4 IN. 

3) Air pockets deeper than 1/4 IN. 

4) Rock holes deeper than 1/4 IN. 

d. Chip or rub off fins exceeding 1/4 IN in height. 

e. Provide at unexposed surfaces such as: 

1) Foundations. 

2) Below-grade walls not to be waterproofed. 

3) Concealed surface of concrete back-up wythe in cavity wall 
construction. 
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3. Finish #2 - As cast form finish: 

a. Form facing material shall produce a smooth, hard, uniform texture. 

1) Use forms specified for surfaces exposed to view in accordance with 
Specification Section 03 11 13. 

b. Prepare surface in accordance with the PREPARATION Article in PART 
3 of this Specification Section.   

1) Chip or rub off fins exceeding 1/8 IN in height. 

2) Abrasive blast surfaces in accordance with ASTM D4259 and SSPC 
SP 13/NACE No. 6 to completely open defects down to sound 
concrete and remove laitance. 

a) Provide ICRI 310.2 Concrete Surface Profile (CSP) No. 3, 
minimum across the entire surface. 

(1) For contiguous repair areas larger than 1 SF or deeper than 
1/4 IN Abrasive blast, scarify or needle scale to CSP No. 6-8. 

b) If additional chipping or wire brushing is necessary, make edges 
perpendicular to surface or slightly undercut. 

c) No feather edges will be permitted. 

3) Rinse surface with clean water and allow surface water to evaporate 
prior to repairing surface defects. 

4) Repair the following surface defects using patching mortar specified 
in PART 2: 

a) Tie holes. 

b) Honeycombs deeper than 1/4 IN or larger than 1/4 IN DIA. 

c) Air pockets deeper than 1/4 IN or larger than 1/4 IN DIA. 

d) Rock holes deeper than 1/4 IN or larger than 1/4 IN DIA. 

e) Scabbing. 

5) Brush blast repaired areas to match adjacent surface texture. 

c. Provide this finish for: 

1) Underside of horizontal elements adjacent to the finished surface. 

2) Exposed surfaces not specified to receive another finish. 

4. Finish #4 - Polymer modified cementitious coating: 

a. Form facing material shall produce a smooth, hard, uniform texture. 

1) Use forms specified for surfaces exposed to view in accordance with 
Specification Section 03 11 13. 

2) Comply with ACI 303R for formwork accuracy and form joint handling 
to prevent grout leakage. 

b. Prepare surface in accordance with the PREPARATION Article in PART 
3 of this Specification Section.   
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1) Chip or rub off fins exceeding 1/8 IN in height. 

2) Abrasive blast and repair surface defects in accordance with 
Concrete Finish #2. 

c. Apply decorative coating to entire surface. 

1) As a mixing liquid for the coating, use bonding agent and water 
mixture as recommended by coating manufacturer. 

2) Apply two (2) coats at 2 LBS per square yard per coat. 

a) During application of first coat, complete fill all voids, depressions 
or other surface imperfections. 

d. When second coat is set, float to a uniform texture with a sponge float. 

e. Provide this finish on all exposed to view: 

1) Exterior building surfaces not otherwise indicated to receive an 
Architectural Abrasive Blast Finish. 

2) Interior walls, columns and similar vertical surfaces where indicated 
on Room Finish Schedule on the Drawings. 

3) Underside of horizontal elements adjacent to the finished surface. 

f. Construct mock-up per the Mock-Ups paragraph in the QUALITY 
ASSURANCE Article in PART 1 of this Specification Section. 

E. Related Unformed Surfaces (Except Slabs): 

1. Strike smooth and level tops of walls or buttresses, horizontal offsets, and 
similar unformed surfaces occurring adjacent to formed surfaces after 
concrete is placed. 

2. Float surface to a texture consistent with that of formed surfaces. 

a. If more than one (1) finish occurs immediately adjacent to unformed 
surface, provide surface with most stringent formed surface requirement. 

3. Continue treatment uniformly across unformed surfaces. 

F. Concrete Finishes for Horizontal Slab Surfaces: 

1. General: 

a. Tamp concrete to force coarse aggregate down from surface. 

b. Screed with straightedge, eliminate high and low places, bring surface to 
required finish elevations; slope uniformly to drains. 

c. Dusting of surface with dry cement or sand during finishing processes 
not permitted. 

2. Unspecified slab finish: 

a. When type of finish is not indicated, use following finishes as applicable: 

1) Surfaces intended to receive bonded applied cementitious 
applications:  Scratched finish. 

2) Surfaces intended to receive roofing, or waterproofing membranes:  
Floated finish. 
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3) Floors:  Troweled finish. 

4) Garage floors and ramps:  Broom or belt finish. 

5) Exterior slabs, sidewalks, platforms, steps and landings, and ramps, 
not covered by other finish materials:  Broom or belt finish. 

6) All slabs to receive a floated finish before final finishing. 

3. Scratched slab finish:  After concrete has been placed, consolidated, struck 
off, and leveled to a Class B tolerance, roughen surface with stiff brushes or 
rakes before final set. 

4. Floated finish: 

a. After concrete has been placed, consolidated, struck off, and leveled to a 
Class B tolerance, do no further work until ready for floating. 

b. Begin floating when water sheen has disappeared and surface has 
stiffened sufficiently to permit operations. 

1) Use wood or cork float. 

c. During or after first floating, check planeness of entire surface with a 10 
FT straightedge applied at not less than two (2) different angles. 

5. Cut down all high spots and fill all low spots to produce a surface with Class 
B tolerance throughout. 

a. Refloat slab immediately to a uniform texture. 

6. Troweled finish: 

a. Float finish surface to true, even plane. 

b. Power trowel, and finally hand trowel. 

c. First troweling after power troweling shall produce a smooth surface 
which is relatively free of defects, but which may still show some trowel 
marks. 

d. Perform additional trowelings by hand after surface has hardened 
sufficiently. 

e. Final trowel when a ringing sound is produced as trowel is moved over 
surface. 

f. Thoroughly consolidate surface by hand troweling. 

g. Finish in accordance with the FIELD QUALITY CONTROL Article in 
PART 3 of this Specification Section. 

1) Leave finished surface essentially free of trowel marks, uniform in 
texture and appearance. 

h. On surfaces intended to support floor coverings, remove any defects that 
would show through floor covering. 

7. Broom or belt finish:  Immediately after concrete has received a float finish 
as specified, give it a transverse scored texture by drawing a broom or 
burlap belt across surface. 

8. Underside of concrete slab finish: 
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a. Match finish as specified for adjacent vertical surfaces. 

b. If more than one (1) finish occurs immediately adjacent to underside of 
slab surface, provide surface with most stringent formed surface 
requirement. 

3.3 FIELD QUALITY CONTROL 

A. Tolerances: 

1. Finished floor slabs: 

a. Provide Floor Flatness (FF) and Floor Levelness (FL) in accordance with 
ACI 117. 

1) Measure in accordance with ASTM E1155. 

b. Slabs not indicated to be sloped: 

1) FF:  Equal or greater than 35. 

2) FL:  Equal or greater than 25. 

c. Slabs indicated to be sloped or curved: 

1) Measure in accordance with ASTM E1486. 

2) Provide slopes or curves as indicated on the Drawings. 

d. Slabs indicated to receive polished concrete floor: 

1) FF:  Equal or greater than 45. 

2) FL:  Equal or greater than 35. 

3) Refer to Room Finish Schedule on Drawings. 

2. Horizontal surfaces other than finished floor slabs, including but not limited 
to, top of footings, top of walls, concrete fill in tankage, channels and similar 
applications: 

a. Gap between a 10 FT straightedge placed anywhere and the finished 
surface shall not exceed: 

1) Class A tolerance:  1/4 IN. 

2) Class B tolerance:  3/8 IN. 

3) Class C tolerance:  1/2 IN. 

b. Accumulated deviation from intended true plane of finished surface shall 
not exceed 1/2 IN. 

B. Unacceptable finishes shall be replaced or, if approved in writing by Engineer, 
may be corrected provided strength and appearance are not adversely affected. 

1. High spots to be removed by grinding and/or low spots filled with a patching 
compound or other remedial measures to match adjacent surfaces. 

3.4 PROTECTION 

A. All horizontal slab surfaces receiving chemical sealer shall be kept free of traffic 
and loads for minimum of 72 HRS following installation of sealer. 

END OF SECTION
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SECTION 03 41 33 

PRECAST AND PRESTRESSED CONCRETE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Precast and prestressed concrete. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 05 05 - Testing. 

4. Section 03 21 00 - Reinforcement. 

5. Section 03 31 30 - Concrete, Materials and Proportioning. 

6. Section 09 91 10 – Architectural Painting. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Association of State Highway and Transportation Officials 
(AASHTO): 

a. HB, Standard Specifications for Highway Bridges. 

2. American Concrete Institute (ACI): 

a. 211.2, Standard Practice for Selecting Proportions for Structural 
Lightweight Concrete. 

b. 318, Building Code Requirements for Structural Concrete. 

3. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A108, Standard Specification for Steel Bar, Carbon and Alloy, Cold-
Finished. 

c. A123/A13M, Standard Specification for Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products. 

d. A416, Standard Specification for Steel Strand, Uncoated Seven-Wire for 
Prestressed Concrete. 

e. A496, Standard Specification for Steel Wire, Deformed, for Concrete 
Reinforcement. 

f. A1064, Standard Specification for Steel Wire and Welded Wire 
Reinforcement, Plain and Deformed, for Concrete. 

g. C33, Standard Specification for Concrete Aggregates. 
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h. C150, Standard Specification for Portland Cement. 

i. C330, Standard Specification for Lightweight Aggregates for Structural 
Concrete. 

j. D2240, Standard Test Method for Rubber Property-Durometer Hardness. 

k. E329, Standard Specification for Agencies Engaged in Construction 
Inspection and/or Testing. 

4. American Welding Society (AWS): 

a. A5.1/A5.1M, Specification for Carbon Steel Electrodes for Shielded Metal 
Arc Welding. 

b. A5.5/A5.5M, Specification for Low-Alloy Steel Electrodes for Shielded 
Metal Arc Welding. 

c. D1.1, Structural Welding Code - Steel. 

d. D1.4, Structural Welding Code - Reinforcing Steel. 

e. D1.6, Structural Welding Code – Stainless Steel. 

5. Occupational Safety and Health Administration (OSHA). 

6. Precast/Prestressed Concrete Institute (PCI): 

a. MNL 116, Manual for Quality Control for Plants and Production of 
Precast and Prestressed Concrete Products. 

b. MNL 120, Design Handbook - Precast and Prestressed Concrete. 

c. MNL 123, Design and Typical Details of Connections for Precast and 
Prestressed Concrete. 

7. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

B. Qualifications: 

1. Provide precast and prestressed concrete units produced by an active 
member of PCI. 

2. Plant to be certified by the Precast/Prestressed Concrete Institute, Plant 
Certification Program, as applicable : 

a. Certification Code C1:  Precast Concrete Products. 

b. Certification Code C2:  Precast Hollow Core and Repetitive Products. 

c. Certification Code C3:  Prestressed Straight Strand Structural Members. 

d. Certification Code C4:  Prestressed Deflected Strand Structural 
Members. 

e. Plant shall have been certified within past year from bid date. 

3. Plant shall be certified by IAS and shall be acceptable to the Building Code 
Official to assure compliance with approved fabricator Special Inspection 
requirements in accordance with the Building Code. 
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a. Plants that are not certified by IAS or not acceptable to the Building Code 
Official may be acceptable to work on the Project , provided: 

1) Plant meets all remaining qualifications. 

2) Contractor reimburses the Owner the cost of Special Inspection 
services. 

4. Provide units manufactured by plant which has regularly and continuously 
engaged in manufacture of units of same type as those required for a 
minimum of three (3) years. 

5. Assure manufacturer's testing facilities meet requirements of ASTM E329. 

6. Welding operators and processes to be qualified in accordance with: 

a. AWS D1.1 for welding steel shapes and plates. 

b. AWS D1.4 for welding reinforcing bars. 

7. Welding operators to have passed qualification tests for type of welding 
required during the previous 12 months prior to commencement of welding. 

8. Engineer for all precast or prestressed members:  Professional Engineer 
licensed in the State of Texas. 

a. Engineer to have minimum five (5) years experience in design of precast 
and prestressed members with scope similar to this Project. 

9. Precast erector:   

a. Minimum 3 years experience with projects of similar size and complexity. 

1.3 DEFINITIONS 

A. Slabs:  May refer to hollow core slabs or solid flat slabs, prestressed or non-
prestressed. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Sizes, types and manufacturer of bearing pads. 

d. Hardware to be utilized to support suspended appurtenances. 

3. Shop Drawings and erection plans for precast units, their connections and 
supports showing: 

a. Member size and location. 

b. Size, configuration, location and quantity of reinforcing bars and 
prestressing strands. 
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c. Initial prestress forces. 

d. Size and location of openings verified by Contractor. 

e. Size, number, and locations of embedded metal items and connections. 

f. Required concrete strengths. 

g. Identification of each unit using same standard marking numbers as 
used to mark actual units. 

4. Calculations for members and connections designed by fabricator. 

a. Calculations to be sealed by a professional Structural Engineer 
registered in the State in which the Project is constructed. 

b. Perform calculations using the dead load of the members plus the 
superimposed uniform and concentrated loads shown on the Drawings 
and indicated in this Specification Section. 

c. Indicate the following: 

1) Design for maximum moment, maximum shear and maximum torsion. 

2) Final top and bottom flexural stresses resulting from the stresses due 
to maximum moment and prestress force. 

3) Ultimate moment capacity. 

4) Final top and bottom flexural stresses, ultimate moment capacity, and 
ultimate shear capacity, if affected, for members with reduced cross 
sections due to openings or penetrations. 

5) When required on Drawings, a check for no tension in top and bottom 
of members due to prestress force and member dead load plus 
superimposed loads indicated on Drawings and in this Specification 
Section. 

6) Column design for maximum axial load and maximum moment. 

5. Submit test results, when so required on Drawings, showing that embedded 
connection items will adequately support the indicated loads. 

a. Connection items to have an ultimate load capacity of at least two (2) 
times the required indicated load. 

6. Concrete mix design(s) including submittal information defined in 
Specification Section 03 05 05. 

7. Fabricator's quality control documentation for special inspections as required 
by the Building Code Chapter 17. 

8. Copies of source quality control tests. 

9. Certification of manufacturer's testing facility qualifications. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 
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1. Headed studs and deformed bar anchors: 

a. Nelson Stud Welding Div., TRW, Inc. 

b. KSM Division, Omark Industries. 

2. Bearing pads: 

a. JVI, Inc. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Embedded Steel Plates and Shapes: 

1. ASTM A36. 

B. Galvanized:  ASTM A123/A123M, minimum 2.0 OZ zinc per square foot of 
metal surface. 

C. Bearing Pads: 

1. Under slabs: 

a. Plastic bearing strips. 

b. Minimum compressive strength:  8,000 PSI with no fracture at 26,000 
PSI. 

c. Korolath of New England, Inc., or equal. 

2. For all other locations: 

a. Random, fiber-reinforced elastomeric pads. 

b. Preformed, randomly oriented synthetic fibers set in elastomer. 

c. Capable of supporting a compressive stress of 3000 PSI with no 
cracking, splitting, excessive bulging or delaminating in the internal 
portions of the pad. 

d. Size pad to keep a minimum stress 200 PSI under minimum dead load. 

e. Masticord as manufactured by JVI, Inc., or equal. 

D. Cement: 

1. Comply with ASTM C150, Type I or III. 

E. Aggregates for Normal Weight Concrete: 

1. ASTM C33 with coarse aggregate meeting the gradation for Size 67 as 
stated in ASTM C33. 

2. Provide aggregates approved for bridge construction by the State Highway 
Department in the state where the precast units are fabricated or in the state 
where the Project is located. 

3. All fine aggregate to be natural not manufactured. 

F. Water: 

1. Potable, clean. 
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2. Free of oils, acids, and organic matter. 

G. Maximum total chloride ion content contributed from all ingredients of concrete 
including water, aggregates, cement and admixtures measured as a weight 
percent of cement to not exceed 0.06 for prestressed concrete and 0.10 for all 
other precast concrete. 

H. Prestressing Strands: 

1. Either 250K or 270K high tensile strength uncoated seven (7) wire strand. 

2. Manufacture and test strands in accordance with ASTM A416. 

I. Reinforcing Steel and Welded Wire Reinforcement:  See Specification Section 
03 21 00. 

J. Headed Studs: 

1. ASTM A108. 

2. Minimum yield strength:  50,000 PSI. 

3. Minimum tensile strength:  60,000 PSI. 

K. Deformed Bar Anchors: 

1. ASTM A496 or ASTM A1064. 

2. Minimum tensile strength:  80,000 PSI. 

3. Minimum yield strength:  70,000 PSI. 

L. Electrodes: 

1. E70 series conforming to AWS A5.1/A5.1M or AWS A5.5/A5.5M for welding 
steel shapes and plates. 

2. E90 series conforming to AWS A5.5/A5.5M for welding rebar. 

M. Concrete sand cement grout in keyways between slabs. 

1. See Specification Section 03 31 30. 

2.3 DESIGN 

A. General Design Requirements: 

1. Design units and connections in strict accordance with ACI 318 and the PCI 
MNL 120. 

2. Design units for spans, dead load of members, dead and live loads indicated 
on the Drawings with concentrated loads placed in their actual locations. 

a. Verify weights and locations of concentrated loads. 

3. Design units taking into account reduced cross section at openings and 
penetrations. 

4. Provide all reinforcing in units as indicated. 
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a. Where not indicated, design and provide all reinforcing and prestressing 
strands subject to approval of Engineer. 

5. Due to presence of corrosive atmosphere, design prestressed members 
where indicated on Drawings for no tension in top and bottom of members 
resulting from loads indicated on Drawings and in this Specification Section. 

6. Design connections to allow rotation and/or movement as appropriate to 
avoid damage to connections, supporting members, joint sealants and other 
building components. 

7. Design double tee flanges to carry all dead and live loads to be placed 
thereon. 

a. Do not place concentrated equipment loads on flanges but support the 
loads on the double tee legs. 

2.4 MIXES 

A. See Specification Section 03 31 30. 

B. Do not begin fabrication of units until concrete mix design(s) have been 
approved by Engineer. 

2.5 FABRICATION 

A. Do not fabricate units until Shop Drawings have been approved by Engineer 
and returned to Contractor and support locations have been field verified by 
Contractor. 

B. Manufacture, quality, dimensional and erection tolerances of all units to be in 
accordance with both PCI MNL 116 and PCI MNL 120. 

C. Cast all members in smooth rigid forms which will provide straight, true 
members of uniform thickness and uniform color and finish. 

D. Use sand cement grout mixture to fill all air pockets and voids, and to repair 
chipped edges. 

E. Finish all repairs smooth and to match adjacent surface texture and color. 

F. Where units are to receive concrete topping, provide units having heavy broom 
finish on top surface for bond. 

1. Provide roughness of top surface to provide bond with topping and design 
for horizontal shear at topping and unit interface in accordance with 
requirements of ACI 318, Horizontal Shear Strength paragraph. 

2. Make all other surfaces smooth. 

G. Incorporate embedded plates, angles, and flange welding strips into members 
at time of manufacture. 

1. Provide embedded items as shown on the Drawings unless prior approval is 
received from Engineer to do otherwise. 

2. Provide flange welding strips on all flanged edges of all double tee units as 
indicated on Drawings. 
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3. Space strips as shown on Drawings. 

4. Cast lifting handles into units at or near support points. 

a. Remove lifting handles after units are erected. 

H. Cast openings larger than 6 IN SQ or 6 IN DIA in units at time of manufacture. 

1. Make smaller openings by neat cutting or neat drilling by trades requiring 
them. 

2. Coordinate sizes and locations of all openings before fabrication of units. 

I. Make provisions for support of suspended ceilings, lighting fixtures, ducts, 
piping, conduits and other suspended work. 

1. When drilled expansion bolts or powder-driven fasteners are approved for 
use, coordinate prestress strand location with prestress concrete member 
supplier so that drilled expansion bolts or powder-driven fasteners do not hit 
or are drilled or driven into prestress strands. 

2. Install powder-driven fasteners by means of a low velocity powder-actuated 
tool complying with requirements of OSHA. 

a. Assure that the load to be supported by each in place drilled expansion 
bolt or powder-driven fastener does not exceed the maximum allowable 
load recommended by the bolt or fastener manufacturer for the concrete 
strength encountered and for the type, size and embedment length of 
expansion bolt or driven fastener installed. 

J. Automatically weld headed studs and deformed bar anchors to members to 
provide full penetration weld between studs, bar anchors and members they are 
attached to. 

K. Weld steel shapes and plates per AWS D1.1 and reinforcing steel per AWS 
D1.4. 

L. Minimum concrete compressive strength at time of strand release:  3500 PSI. 

M. Mark each unit as indicated on the erection plans. 

1. Place mark on non-exposed-to-view surface. 

N. Coat or finish ends of exposed prestressing strands to prevent rusting. 

O. Fabricate the following types of precast and prestressed units (all units to be 
made with normal weight concrete unless noted otherwise on Drawings): 

 

 

1. Prestressed hollow core slabs of sizes indicated. 

a. Weight of hollow core slabs not to exceed the following: 
 

DEPTH 
NORMAL WEIGHT 

CONCRETE 

6 IN 50 PSF 
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8 IN 70 PSF 

10 IN 80 PSF 

12 IN 105 PSF 

 

2. Precast items shown on Drawings including but not limited to: 

a. Splash blocks. 

2.6 SOURCE QUALITY CONTROL 

A. During production of precast concrete units, conduct strength tests of concrete 
placed in units as required in Specification Specification Section 03 05 05 for 
concrete placed during fabrication. 

1. Results of strength tests to be sent immediately to Engineer, Contractor and 
Owner. 

2. Test reports to indicate units they represent. 

B. When approved by Engineer, strength tests may be made by precast 
manufacturer after he has submitted certification that his testing facilities meet 
the requirements of ASTM E329. 

C. Conduct tests on precast concrete using the following procedures: 

1. If the precast manufacturer’s quality control program requires more frequent 
or more stringent testing requirements, the manufacturer’s quality control 
program will take precedence over the specific type of test. 

a. Precast manufacturer to employ services of an independent testing 
laboratory to perform concrete testing for manufacturer’s production 
procedures (not listed below) and quality control program. 

2. If the precast fabrication plant is not certified by IAS and acceptable to the 
Building Code Official, Owner will employ and pay for precast concrete 
production special inspection. 

a. Coordinate with Owner’s special inspector. 

1) Provide minimum 7 calendar days notice prior to the start of 
fabrication. 

2) Provide minimum 24 HRS notice prior to fabrication of any precast 
members. 

3. If precast fabrication plant is certified by IAS and acceptable to the Building 
Code Official, perform concrete tests as specified in Section 03 05 05.  
Frequency of tests:  Per PCI MNL-116 or PCI MNL-117 as applicable. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Verify acceptability and location of supports to receive units. 

1. Check bearing surfaces to determine that they are level and uniform. 
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B. Verify compressive strengths of concrete and masonry supports. 

1. Do not start erection of units until supports have reached their 28 day 
required compressive strengths. 

3.2 ERECTION 

A. Sequence erection to provide a balance of loads across beams and columns. 

B. Give consideration to possible lack of stability or capacity of partially completed 
frame or structure. 

C. Contractor to be responsible for guying, shoring, and bracing of frame, walls 
and individual members as necessary to resist forces due to wind, erection, or 
any other source that may occur before structure is completed. 

D. Use only erection equipment adequate for placing units at lines and elevations 
indicated on Drawings. 

1. Do not damage units or existing construction during erection. 

2. Erect units using lifting handles cast into the units. 

E. Place slabs on continuous 1/4 IN thick Korolath bearing strips so that width 
equals bearing length -1 IN. 

F. After erection, verify that there is no direct contact between bottom of units and 
supporting members. 

1. Where direct contact occurs, install additional layers of bearing material to 
raise units off supports. 

G. Weld steel shapes and plates per AWS D1.1 and reinforcing steel per AWS 
D1.4. 

H. Fill all keyways between slabs with concrete sand cement grout. 

1. See Specification Section 03 31 30. 

I. After all precast units are erected and all precast unit connections have been 
made, coat all exposed surfaces of the connections. 

1. See Specification Section 09 91 10. 

3.3 FIELD QUALITY CONTROL 

A. Testing and Special Inspections:  See Section 01 45 33. 

B. Causes for rejection of units include, but are not necessarily limited to the 
following: 

1. Cracked units. 

2. Chipped, broken, or spalled edges. 

3. Units not within allowable casting tolerances. 

4. Voids or air pockets which, in opinion of Engineer, are too numerous or too 
large. 
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5. Non-uniform finish or appearance. 

6. Low concrete strength. 

7. Improperly placed embedded items and/or openings. 

8. Exposed wire mesh, reinforcing or prestressing strands. 

END OF SECTION
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SECTION 03 45 00 

ARCHITECTURAL PRECAST CONCRETE (APC) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Furnish labor, materials, tools, equipment, and services for Architectural 
Precast Concrete (APC) in accordance with provisions of Contract Documents. 

B. Completely coordinate with work of other trades. 

1.2 QUALITY ASSURANCE 

A. Fabricator Qualifications:   

1. Firm experienced in producing architectural precast concrete units similar to 
those indicated and with a record of successful performance. 

2. PCI Certified for Group A, Category A1-Architectural Cladding and Load 
Bearing Units. 

3. Capacity to produce required units without delaying Work. 

4. Assume responsibility for engineering of APC units to comply with Building 
Code requirements as locally adopted. 

B. Engineer Qualifications: 

1. Professional Engineer licensed in the State of Texas. 

C. Erector Qualifications: 

1. Certificate of Compliance furnished by PCI designating qualification in 
Category A (Architectural Systems) for non-loadbearing members. 

2. Certify welders according to AWS D1.1:  Structural Welding Code – Steel 
and AWS D1.4:  Structural Welding Code – Reinforcing Steel. 

D. Testing Agency Qualifications: 

1. An independent testing agency, acceptable to authorities having jurisdiction 
and qualified to conduct the testing indicated. 

E. Reference Standards: 

1. ACI 318 Building Code Requirements for Structural Concrete 

2. PCI MNL117 Manual for Quality Control for Plants and Production of 
Architectural Precast Concrete Products 

3. ASTM A27/A27M Steel Castings, Carbon for General Application 

4. ASTM A36/A36M Carbon Structural Steel 

5. ASTM A47/A47M Ferritic Malleable Iron Castings 

6. ASTM A108 Steel Bar, Carbon and Alloy, Cold Finished 
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7. ASTM A123/A123M Zinc (Hot-Dipped Galvanized) Coatings of Iron and 
Steel Products 

8.  ASTM A185 Steel Welded Wire Fabric, Plain for Concrete Reinforcement. 

9. ASTM A283/A283M Low and Intermediate Tensile Strength Carbon Steel 
Plates 

10. ASTM A307 Carbon Steel Bolts, Studs, and Threaded Rod 60,000 PSI 
Tensile Strength 

11. ASTM A500/A500M Cold-Formed Welded and Seamless Carbon Steel 
Structural Tubing in Rounds and Shapes 

12. ASTM A563 Carbon and Alloy Steel Nuts 

13. ASTM A572/A572M High-Strength Low-Alloy Columbium-Vanadium 
Structural Steel 

14. ASTM A615/A615M Deformed and Plain Carbon Steel Bars for Concrete 
Reinforcement 

15. ASTM A1064/A1064M Carbon Steel Wire and Welded Wire Reinforcement, 
Plain and Deformed, for Concrete 

16. ASTM C33/C33M Concrete Aggregates 

17. ASTM C39/C39M Compressive Strength of Cylindrical Concrete Specimens 

18. ASTM C231/C231M Test for Air Content of Freshly Mixed Concrete by the 
Pressure Method 

19. ASTM C260/C260M Specifications for Air-Entraining Admixtures for 
Concrete 

20. ASTM C494/C494M Specifications for Chemical Admixtures for Concrete 

21. ASTM C578 Rigid, Cellular Polystyrene Thermal Insulation 

22. ASTM C642 Test for Density, Absorption, and Voids in Hardened Concrete 

23. ASTM C979/C979M Pigments for Integrally Colored Concrete 

24. ASTM C1107/C110M Standard Specification for Packaged Dry, Hydraulic 
Cement Grout (Nonshrink) 

25. Building Code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012  Edition 
including all amendments, referred to herein as Building Code. 

2) International Energy Conservation Code (IECC) 2015 Edition 
including all amendments. 

F. Testing:   

1. Test one set of cylinders for each 50 cubic yards 38 cubic meters of 
concrete, but not less than one set for each day's pour. 
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a. Test for air content each time cylinders are made, in accordance with 
ASTM C231. 

b. Test for water absorption in accordance with ASTM C642 or PCI MNL 
117.  

c. Test cylinders in accordance with ASTM C39.  One at 7 days and two at 
28 days. 

G. Fabrication Tolerances: 

1. Refer to Part 2. 

H. Erection Tolerances: 

1. Refer to Part 3. 

I. Mockup: 

1. After approval of small scale samples, and before fabricating architectural 
precast concrete units, produce a mockup panel approximately 6 FT by 6 
FT, on site. 

2. Locate panels where indicated or as directed. 

3. Incorporate full scale details of architectural features, finishes and textures 
and color. 

4. Include mockup of joint fillers. 

5. Maintain mockup during construction as a standard for judging the 
completed Work. 

6. Damage part of an exposed face surface for each finish, color, and texture, 
and demonstrate adequacy of repair techniques proposed for repair of 
surface blemishes.  

7. Obtain approval of mockup before starting fabrication. 

8. Remove mockup panels when directed. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. Detail fabrication and installation of architectural precast concrete units 
including: 

a. Member locations, plans, elevations, dimensions, shapes and cross 
sections.  

b. Details at joints, reveals, and surface finish. 

c. Loose and cast-in hardware, connections and anchorage devices. 

d. Locations of dry joints if two-stage casting is proposed. 

e. Sequence of erection for special conditions. 

f. Identification mark on each panel. 

g. Relationship of architectural precast concrete units to adjacent materials. 
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B. Samples: 

1. Three, 12 x 12 x 2 IN 300 x 300 x 50 MM, samples, replicating each of the 
colors and textures indicated, approval of appearance. 

a. Provide samples for each color/texture combination. 

b. Label samples to indicate name of project; fabricator; finish; type, color 
and source of cement and aggregate. 

2. Mockup Panel on-site:  As described herein. 

C. Project Information: 

1. Test reports signed by certified testing agency. 

2. Design Mixes:  For each concrete mix including compressive strength and 
water absorption tests. 

3. Design Calculations: 

a. Submit calculations signed and sealed by Specialty Structural Engineer, 
as described in Quality Assurance, Design Requirements. 

b. Submit concurrent with shop drawings. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS  

A. Architectural Precast Concrete (APC): 

1. Optional: 

a. Enterprise Precast Concrete. 

b. Coreslab Structures Inc. 

c. Clark Pacific. 

B. Rigid Board Insulation: 

1. Base: 

a. Dow Chemical. 

2. Optional: 

a. Pactiv Building Products. 

b. Owens Corning. 

C. Rust inhibitive paint: 

1. Base: 

a. Tnemec. 

b. ZRC Worldwide. 

D. Other materials listed: 

1. Base: 

a. As indicated. 
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E. Other manufacturers desiring approval comply with Section 01 25 13. 

2.2 DESIGN CRITERIA 

A. Comply with ACI 318 and the design recommendations of PCI MNL 120:  PCI 
Design Handbook – Precast and Prestressed Concrete, applicable to types of 
architectural precast concrete units indicated. 

B. Design units and connections to satisfy requirements of building codes. 

C. Provide architectural precast concrete units and connections capable of 
withstanding the following design loads within limits and under conditions 
indicated: 

1. Include effect from adjacent attached construction. 

2. Wind pressure, and/or earthquake lateral forces. 

3. Dead load of unit plus superimposed loads. 

4. Handling, transportation, and erection forces. 

5. Temperature stresses appropriate for project site and conditions. 

6. Shrinkage stresses. 

D. Design framing system and connections to maintain clearances at openings, to 
allow for fabrication and construction tolerances, to accommodate live load 
deflection, shrinkage and creep of primary building structure, and other building 
movements as follows:   

1. Upward and downward movement of L/300 for floors and L/200 for roofs. 

E. Show, by engineering calculations, embedded connections can adequately 
support anticipated loads. 

F. Design, detail and provide internal reinforcing and embedded connection 
hardware. 

G. Reinforce units with welded wire fabric or reinforcing bars as needed to satisfy 
design criteria or provide following minimum reinforcing, whichever is greater: 

1. Unit thickness up to 4 IN 100 MM:  One layer 4 x 4 - W4.0 x W4.0 102x102 -  
MW9.1/MW9.1. 

2. Unit thickness over 4 IN 100 MM:  Two layers 4 x 4 - W4.0 x W4.0 102x102 
-  MW9.1/MW9.1. 

H. When unit is supported from rigid base, design connections to permit 
reasonable amount of independent vertical movement of structural frame. 

I. Attach connections placing lateral loads on structural members to elements 
capable of resisting forces without reinforcing, unless such reinforcing is 
provided by erector at no additional cost to Owner and in manner acceptable to 
Architect, unless detailed and accommodated otherwise. 
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J. Design, detail and provide connection hardware and anchors to be set in CIP 
Concrete and for Structural Steel frames associated with precast unit 
connections. 

K. Allowable air permeability of completed pre-cast unit shall not exceed 0.004 
CFM/SF under a pressure differential of 0.3 IN water gauge when tested in 
accordance with ASTM E2178. 

2.3 FORM MATERIALS 

A. Forms: 

1. Rigid, dimensionally stable, non-absorptive material, warp and buckle free, 
that will provide continuous and true precast concrete surfaces within 
fabrication tolerances indicated. 

2. Non-reactive with concrete and suitable for producing required finishes. 

B. Form Liners: 

1. Units of face design, texture, arrangement, and configuration indicated or to 
match precast Design Reference Sample. 

2. Provide solid backing and form supports to ensure that form liners remain in 
place during concrete placement. 

C. Release Agents: 

1. Commercially produced liquid release agent that will not bond with, stain or 
adversely affect precast concrete surfaces and will not impair subsequent 
surface or joint treatments of precast concrete. 

D. Surface Retarder: 

1. Chemical set retarder capable of temporarily delaying hardening of newly 
placed concrete mix to depth of reveal specified. 

2.4 REINFORCING MATERIALS 

A. Suspend reinforcement from back of mold or use bolsters, chairs, spacers, and 
other devices for spacing, supporting, and fastening reinforcing bars and wire in 
place. 

B. Reinforcing Bars:   

1. Welded bars:  ASTM A706. 

C. Welded Wire Reinforcement: 

1. Galvanized and chromate wash treated.  

2. Plain:  ASTM A185, flat sheet. 

2.5 CONCRETE MATERIALS 

A. Portland Cement: 

1. ASTM C150, Type I or III. 
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2. Same type, brand, and mill source throughout production. 

3. Cement Color:   

a. Face Mixes (portions of units exposed to view): 

1) As necessary to reproduce coloration of specified finishes/color. 

b. Backup mixes (portions of units not exposed to view): 

1) Contractor’s option. 

B. Normal Weight Aggregates: 

1. Comply with ASTM C33 except as modified by PCI MNL 117: 

a. Employ coarse aggregates complying with Class 5S. 

2. Stockpile fine and coarse aggregates for each type of exposed finish from a 
single source for entire project. 

3. Face Mix Coarse Aggregates: 

a. Selected, hard, and durable; free of material that reacts with cement or 
causes staining. 

b. Color:  To match selected specified finishes/color. 

c. Gradation: 

1) To match selected specified finishes/color. 

4. Face Mix Fine Aggregates: 

a. Selected, natural or manufactured sand of the same material as coarse 
aggregate, unless otherwise approved by Architect. 

b. Color:  To match selected specified finishes/color. 

C. Coloring Admixture: 

1. Pigment:  As required by specified finishes/color. 

2. ASTM C979, synthetic or natural mineral oxide pigments or colored water 
reducing admixtures, temperature stable and non-fading. 

3. Lime and alkali resistant. 

4. Limit type and amount used so as not to reduce quality of concrete. 

D. Water: 

1. Potable; clean, fresh, free from oil, acid, organic matter or other deleterious 
substances that may affect color, stability, setting, or strength of concrete 
and complying with chemical limits of PCI MNL 117. 

E. Air Entraining Admixture: 

1. ASTM C260, certified by manufacturer to be compatible with other required 
admixtures. 

F. Water Reducing Admixture:  ASTM C494, Type A. 

G. Retarding Admixture:  ASTM C494, Type B. 
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H. Water Reducing and Retarding Admixture:  ASTM C494, Type D  

I. Water Reducing and Accelerating Admixture:  ASTM C494, Type E. 

J. High Range, Water Reducing Admixture:  ASTM C494, Type F. 

K. High Range, Water Reducing and Retarding Admixture:  ASTM C494, Type G. 

L. Plasticizing Admixture for Flowable Concrete:  ASTM C1017. 

M. Admixtures containing calcium chloride, or more than 0.15 PCT chloride ions or 
other salts by weight of admixture are not permitted. 

2.6 CARBON STEEL CONNECTION MATERIALS 

A. Carbon Steel Shapes and Plates: 

1. ASTM A36 except silicon content in the range of 0 to 0.03 PCT.  

a. 0.15 to 0.25 PCT for materials to be galvanized. 

b. Steel with chemistry conforming to the formula Si + 2.5P less than or 
equal to 0.09 is also acceptable. 

2. ASTM A283 for Carbon Steel Plate. 

B. Carbon Steel Headed Studs: 

1. ASTM A108, Grades 1018 through 1020, cold finished and bearing the 
minimum mechanical properties for studs as indicated under MNL 117, 
Table 3.2.3.; AWS D1.1, Type A or B, with arc shields. 

C. Malleable Iron Castings:  ASTM A47, Grade 32510 or 35028. 

D. Carbon Steel Castings:  ASTM A27, Grade U-60-30. 

E. High Strength, Low Alloy Structural Steel: 

1. ASTM A572 except silicon content in the range of 0 to 0.03 PCT. 

a. 0.15 to 0.25 PCT for materials to be galvanized. 

b. Steel with chemistry conforming to the formula Si + 2.5P less than or 
equal to 0.09 is also acceptable. 

F. Carbon Steel Structural Tubing:  ASTM A500, Grade B. 

G. Wrought Carbon Steel Bars:  ASTM A675, Grade 65. 

H. Deformed Steel Wire or Bar Anchors:  ASTM A1064/A1064M or ASTM A706. 

I. Carbon Steel Bolts and Studs: 

1. Hex head bolts and studs:  ASTM A307, Grade A. 

2. Nuts:  ASTM A563, Grade A. 

3. Flat, unhardened steel washers:  ASTM F844. 

4. Headed studs or deformed bar anchors: 

a. Headed studs having minimum tensile strength of 60,000 PSI 415 MPa, 
minimum yield strength of 52,000 PSI 360 MPa, ASTM A108. 
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b. Deformed bar anchors having minimum tensile strength of 80,000 PSI 
550 MPa, minimum yield strength of 70,000 PSI 485 MPa, ASTM 
A1064/A1064M. 

J. High Strength Bolts and Nuts: 

1. Heavy structural steel hex bolts:  ASTM A325 or ASTM A490, Type 1,  

2. Heavy carbon steel hex nuts:  ASTM A563. 

3. Hardened carbon steel washers:  ASTM F436. 

K. Protective Finish: 

1. Exterior steel items and items indicated for galvanizing:   

a. Apply zinc coating by hot dip process according to ASTM A123 after 
fabrication or ASTM A153 as applicable. 

2.7 BEARING PADS AND OTHER ACCESSORIES 

A. Provide bearing pads for architectural precast concrete units as follows: 

1. Elastomeric Pads: 

a. AASHTO M 251, plain, vulcanized, 100 PCT neoprene. 

b. Surface hardness:  50 to 70 Shore A durometer according to ASTM 
D2240. 

c. Minimum tensile strength:  2250 PSI 15.5 MPa per ASTM D412. 

2. Fiber Reinforced Elastomeric Pads: 

a. Preformed, randomly oriented synthetic fibers set in elastomer. 

b. Surface hardness:  70 to 90 Shore A durometer according to ASTM 
D2240. 

c. Capable of supporting a compressive stress of 3300 PSI 27.7 MPa with 
no cracking, splitting or delaminating in the internal portions of the pad. 

d. Test one specimen for each 200 pads used in the project. 

3. Fabric Reinforced Elastomeric Pads: 

a. Preformed, horizontally layered cotton duck fabric bonded to an 
elastomer. 

b. Surface hardness:  80 to 100 Shore A durometer according to ASTM 
D2240.  

c. Conforming to Division II, Section 18.10.2 of AASHTO LRFD Bridge 
Design Specifications, or Military Specification, MIL-C-882D. 

4. Frictionless Pads: 

a. Teflon, glass fiber reinforced; bonded to stainless or mild steel plates, of 
type required for in-service stress. 

5.  High-Density Plastic: 

a. Multimonomer, non-leaching, plastic strip 

B. Reglets and Counterflashing: 
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1. Specified in Section 07 62 00. 

2. Fabricator to obtain reglet material specified and cast reglets into APC 
pieces. 

C. Accessories: 

1. Provide clips, hangers, plastic or steel shims, and other accessories 
required to install architectural precast concrete units. 

2.8 INSULATED PANEL ACCESSORIES 

A. Polyisocyanurate (PISO) Board Insulation: 

1. Rigid cellular polyisocyanurate thermal insulation complying with ASTM 
C591. 

2. Edges:  Square edges. 

3. Minimum Thermal value per unit thickness (aged):  5.6 R per IN 0.99 R per 
25 MM. 

4. Required Thickness:  1.5 IN minimum (minimum R8.55). 

5. Meets minimum IECC insulation requirements. 

2.9 CONCRETE MIX DESIGN 

A. Maximum Water Absorption: 

1. 6 PCT by weight, equal to 14 PCT by volume, tested according to PCI MNL 
117. 

B. Air-Entrainment: 

1. Provide concrete containing air-entraining admixture producing air content 
between 6 and 8 PCT including entrapped air. 

C. Normal Weight Concrete Face and Backup Mixes: 

1. Proportion mixes by either laboratory trial batch or field test data methods 
according to ACI 211.1, with materials to be used on project, to provide 
normal weight concrete with the following properties: 

a. Minimum Compressive Strength (28 Days):  5000 PSI 34.5 MPa. 

b. Maximum Water-Cementitious Materials Ratio:  0.45. 

D. Lightweight Concrete (for Backup Mixes only): 

1. Proportion mixes by either laboratory trial batch or field test data methods 
according to ACI 211.2, with materials to be used on Project, to provide 
lightweight concrete with the following properties: 

2.10 MOLD FABRICATION 

A. Molds: 
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1. Accurately construct molds, mortar tight, of sufficient strength to withstand 
pressures due to concrete placement and vibration operations and 
temperature changes and for prestressing and de-tensioning operations. 

2. Coat contact surfaces of molds with release agent before reinforcement is 
placed. 

3. Avoid contamination of reinforcement and prestressing tendons by release 
agent. 

B. Form Liners: 

1. Place form liners accurately to provide finished surface texture indicated. 

2. Provide solid backing and supports to maintain stability of liners during 
placing of concrete. 

3. Coat form liner with form-release agent. 

C. Maintain molds to provide completed architectural precast concrete units of 
shapes, lines, and dimensions indicated, within fabrication tolerances specified. 

D. Form joints are not permitted on faces exposed to view in the finished work. 

2.11 PANEL FABRICATION 

A. Mark each unit for identification and date of casting. 

B. Locate holes, inserts and other lifting mechanisms in non-finished surfaces. 

C. APC Panel-to-Panel Joints: 

1. Typical: 

a. Unless otherwise shown provide for uniform joint widths of 3/4 IN 19 MM. 

2. Corners: 

a.  3/4 IN 19 MM wide quirk miter joints where panel joint occurs at external 
angles. 

D. Panel Edge and Corner Treatment: 

1. Uniformly chamfered or as otherwise indicated. 

E. Cast-in Anchors, Inserts, Plates, Angles, and Other Anchorage Hardware: 

1. Fabricate anchorage hardware with sufficient anchorage and embedment to 
comply with design requirements. 

2. Locate anchorage hardware where it does not affect position of main 
reinforcement or concrete placement. 

F. Cast-in reglets, slots, holes, and other accessories in architectural precast 
concrete units as indicated on drawings. 

1. Cast-in openings larger than 10 IN 250 MM in any dimension. 

2. Do not drill or cut prestressing strand. 

G. Reinforcement: 
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1. Clean reinforcement of loose rust and mill scale, earth, and other materials 
that reduce or destroy the bond with concrete. 

2. Accurately position, support and secure reinforcement during concrete 
placement and consolidation operations. 

a. Completely conceal support devices to prevent exposure on finished 
surfaces. 

3. Install welded wire reinforcement in lengths as long as practicable. 

a. Lap adjoining pieces at least one full mesh spacing and wire tie laps, 
where required by design. 

b. Offset laps of adjoining widths to prevent continuous laps in either 
direction. 

H. Prestress tendons for architectural precast concrete units by either pre-
tensioning or post-tensioning methods. 

1. De-tension or post-tension prestressed architectural precast concrete units 
after concrete has reached its indicated minimum design release 
compressive strength as established by test cylinders. 

2. Protect strand ends and anchorages to prevent corrosion and rust spots. 

I. Place concrete in a continuous operation to prevent seams or planes of 
weakness from forming in precast concrete units. 

J. Comply with ACI 305R recommendations for hot weather concrete placement. 

K. Comply with ACI 306.1 procedures for cold weather concrete placement. 

L. Identify pickup points of architectural precast concrete units and orientation in 
structure with permanent markings as indicated on erection drawings. 

M. Repair damaged architectural precast concrete units to meet acceptability 
requirements of PCI MNL 117. 

2.12 FABRICATION TOLERANCES 

A. Fabricate architectural precast concrete units straight and true to size and 
shape with exposed edges and corners precise and true. 

1. Finished units comply with Division 7 of PCI’s MNL 117 product tolerances 
as well as position tolerances for cast-in items. 

2.13 FINISHES 

A. Panel faces shall be free of joint marks, grain, and other obvious defects. 

B. Corners, including false joints shall be uniform, straight and sharp. 

C. Exposed Face and Edge Surfaces: 

1. Match colors and textures as indicated on drawings and in the section. 

2. As-cast Surface Finish (smooth-off-mold): 
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a. Provide surfaces free of excessive air voids, sand streaks, and 
honeycombs. 

b. Refer to drawings for locations. 

3. Textured Surface Finish: 

a. Impart texture using form liners to provide surfaces free of excessive air 
voids, sand streaks, and honeycombs, with uniform color and texture. 

b. Basis of Design: Sika Greenstreak - Ribbed sign No. 305. 

c. Refer to drawings for locations. 

D. Finishes of other Exposed Surfaces:   

1. Panel Tops Returns (i.e. parapet and sill):  Finish to match face surface 
finish. 

2. Panel Bottom Returns (i.e. soffits):  Finish to match face surface finish. 

3. Back of Panel (i.e. interior):  Finish to be steel trowel with light sandblast. 

E. Unexposed surfaces: 

1. Smooth steel trowel finish. 

2.14 SOURCE QUALITY CONTROL 

A. Quality Control Testing:  Test and inspect precast concrete according to PCI 
MNL 117 requirements. 

1. If using self-consolidating concrete:  Also test and inspect according to PCI 
Guidelines for the Use of Self-Consolidating Concrete. 

B. Strength of precast concrete units will be considered deficient if units fail to 
comply with ACI 318 requirements for concrete strength. 

C. Testing: 

1. If there is evidence that the concrete strength of precast concrete units may 
be deficient or may not comply with ACI 318 requirements, APC Fabricator 
will employ an independent testing agency to obtain, prepare, and test cores 
drilled from hardened concrete to determine compressive strength according 
to ASTM C42. 

2. Procedural Requirements: 

a. A minimum of three representative cores will be taken from units of 
suspect strength, from locations directed by Architect. 

b. Cores will be tested in an air dry condition. 

c. Strength of concrete for each series of 3 cores will be considered 
satisfactory if the average compressive strength is equal to at least 85 
PCT of the 28 day design compressive strength and no single core is 
less than 75 PCT of the 28 day design compressive strength. 

d. Test results will be made in writing on the same day that tests are 
performed, with copies to Architect, Contractor, and precast concrete 
fabricator. 
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3. Reports: 

a. Test reports will include the following: 

1) Project identification name and number. 

2) Date when tests were performed. 

3) Name of precast concrete fabricator. 

4) Name of concrete testing agency. 

5) Identification letter, name, and type of precast concrete units or units 
represented by core tests; design compressive strength; type of 
break; compressive strength at breaks, corrected for length/diameter 
ratio; and direction of applied load to core in relation to horizontal 
plane of concrete as placed. 

4. Patching: 

a. If core test results are satisfactory and precast concrete units comply 
with requirements, clean and dampen core holes and solidly fill with 
precast concrete mix that has no coarse aggregate, and finish to match 
adjacent precast concrete surfaces. 

D. Defective Work: 

1. Architectural precast concrete units that do not comply with acceptability 
requirements in PCI MNL 117, including concrete strength, manufacturing 
tolerances, and color and texture range are unacceptable. 

2. Chipped, spalled or cracked units may be repaired, if repaired units match 
the visual mockup. 

3. The Architect reserves the right to reject any unit if it does not match the 
accepted samples and visual mockup. 

4. Replace unacceptable units with precast concrete units that comply with 
requirements. 

2.15 RELATED ITEMS SPECIFIED ELSEWHERE 

A. Cast-in-Place Concrete:  Specified in elsewhere in Division 03. 

B. Structural Steel for connection attachment to structural steel framing:  Specified 
in Section 05 12 00. 

C. Sheet Metal Flashing and Trim:  Specified in Section 07 62 00. 

D. Backer Rod and Sealants:  As specified in Section 07 92 00. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine supporting structural frame or foundation and conditions for 
compliance with requirements for installation tolerances, true and level bearing 
surfaces, and other conditions affecting performance. 
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1. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

2. Start of installation constitutes acceptance of surfaces and conditions. 

B. Do not install precast concrete units until supporting cast-in place concrete 
building structural framing has attained minimum allowable design compressive 
strength or supporting steel or other structure is structurally ready to receive 
loads from precast. 

3.2 ERECTION 

A. Perform erection under supervision of qualified superintendent. 

B. Employ only skilled and experienced personnel and equipment capable of 
properly installing units. 

C. Erect architectural precast concrete level, plumb and square within the specified 
allowable tolerances. 

D. Connect APC units in position by bolting, welding, grouting, or as otherwise 
indicated on approved erection drawings. 

1. Remove temporary shims, wedges, and spacers as soon as practical after 
connecting and/or grouting are completed. 

2. Disruption of roof flashing continuity by connections is not permitted; 
concealment within roof insulation is acceptable. 

E. Welding:   

1. Protect architectural precast concrete units and bearing pads from damage 
by field welding or cutting operations and provide noncombustible shields as 
required. 

2. Welds not specified shall be continuous fillet welds, using not less than the 
minimum fillet as specified by AWS. 

3. Protective Coating Repair: 

a. Clean weld affected metal surfaces with chipping hammer followed by 
brushing then apply a minimum 0.004 IN 0.1 MM thick coat of galvanized 
repair paint to galvanized surfaces in conformance with ASTM A780. 

F. Bolted Connections: 

1. At bolted connections, use lock washers, tack welding, or other acceptable 
means to prevent loosening of nuts after final adjustment. 

G. Grouting Connections: 

1. Grout connections where required or indicated. 

2. Retain grout in place until hard enough to support itself. 

3. Pack spaces with stiff grout material, tamping until voids are completely 
filled. 
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4. Place grout to finish smooth, level, and plumb with adjacent concrete 
surfaces. 

5. Promptly remove grout material from exposed surfaces before it affects 
finishes or hardens. 

3.3 ERECTION TOLERANCES 

A. Erect architectural precast concrete units level, plumb, square, true, and in 
alignment without exceeding the non-cumulative erection tolerances of PCI 
MNL 117, Appendix I. 

3.4 JOINT SEALANTS 

A. Seal architectural precast concrete work as specified in Section 07 92 00. 

3.5 FIELD QUALITY CONTROL 

A. Testing and Special Inspections: See Section 03 05 05. 

3.6 REPAIRS 

A. Repairs will be permitted provided structural adequacy of units and appearance 
are not impaired. 

B. Replace units which exhibit damage to surfaces, finish, corners or edges which 
will be exposed to view after setting in place, or which is broken or cracked due 
to shrinkage, temperature, transportation, handling or erection. 

1. When approved in writing by Architect, unit may be repaired in place. 

2. Perform such work at no additional expense to Owner. 

C. Acceptance of units, repaired pursuant to written approval, is contingent upon 
repairs being skillfully done so as to be sound, permanent, flush with adjacent 
surfaces and of color and texture matching similar adjoining surfaces and 
indicating no apparent line of demarcation between original and repaired work, 
when viewed from a distance of 20 FT 6 MM. 

D. Remove and replace other work damaged by removal of defective precast 
members, at no additional cost to Owner. 

E. Prepare and repair damaged galvanized coatings with galvanizing repair paint 
according to ASTM A780. 

F. Remove and replace damaged APC units when repairs do not meet 
requirements. 

3.7 CLEANING 

A. Clean surfaces of precast concrete to be exposed to view prior to shipping. 

B. Clean mortar, plaster, fireproofing, weld slag, and any other deleterious material 
from concrete surfaces and adjacent materials immediately. 

C. Clean exposed surfaces of precast concrete units after erection and completion 
of joint treatment to remove weld marks, other markings, dirt, and stains. 
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1. Protect other work from staining or damage due to cleaning operations. 

2. Coordinate cleaning of precast units with cleaning of glass and other work. 

3. Pre-clean soiled surfaces with detergent and water, using stiff fiber brushes 
and sponges, and rinse with clean water. 

4. Perform cleaning procedures using product specified in Section 04 01 20 or 
as otherwise recommended by precast concrete fabricator. 

a. Do not use cleaning materials or processes that could change the 
appearance of exposed concrete finishes or damage adjacent materials. 

5. Start at top of building and proceed downward. 

6. Leave precast units clean, free of traces of cleaning compound and with 
joints watertight. 

END OF SECTION
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SECTION 04 01 20 

MASONRY CLEANING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Masonry cleaning. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 04 22 00 - Concrete Masonry. 

1.2 QUALITY ASSURANCE 

A. Qualifications: 

1. Use experienced workmen familiar with product and its application. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Manufacturer's application instructions. 

b. Manufacturer's dilution recommendations. 

c. Manufacturer's recommendations on neutralizing rinse. 

B. Certifications: 

1. Certification that Contractor is experienced in this type of masonry cleaning. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Cleaning solution, detergent type: 

a. PROSOCO, Inc. 

b. Diedrich Technologies, Inc. 

2. Cleaning solution for manganese or vanadium stained masonry: 

a. PROSOCO, Inc. 
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b. Diedrich Technologies, Inc. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Detergent-Type Cleaning Solution:  PROSOCO, Inc. "Sure Klean #600 IN 
detergent masonry cleaner. 

B. Manganese or Vanadium-Stained Masonry:  PROSOCO, Inc. "Vanatrol." 

C. Water:  Potable. 

D. Neutralizing rinse as required by manufacturer. 

2.3 MIXES 

A. Dilute cleaning solution with potable water at rate which will provide for the 
weakest solution allowable for cleaning wall. 

B. If project conditions require solution of greater than 5 PCT acid, obtain 
permission from Engineer in writing prior to applying solution to wall surface. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Allow 7 days after completion of masonry work before start of cleaning. 

B. Remove excess mortar using wooden paddles and scrapers. 

C. Protect adjacent surfaces not to be cleaned. 

3.2 APPLICATION 

A. Protect adjacent surfaces subject to potential damage by cleaning solution. 

B. Apply masonry cleaner to exposed-to-view masonry surfaces. 

1. Do not use wire brushes. 

2. Use only tools free of rust. 

3. Apply solution using fibered wall-washing brush. 

C. Thoroughly rinse and pre-soak walls. 

D. Flush all loose mortar and dirt from surface. 

E. Wet to prevent "run-off" streaking. 

F. Scrape off mortar and reapply cleaning solution. 

G. After scrubbing, clean thoroughly with pressurized water. 

H. Apply neutralizing rinse as recommended by manufacturer. 

END OF SECTION
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SECTION 04 05 13 

MASONRY MORTAR AND GROUT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Masonry mortar. 

2. Masonry grout. 

3. Integral water repellent admixture. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 31 30 - Concrete, Materials and Proportioning. 

4. Section 04 22 00 - Concrete Masonry. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. C143/C143M, Standard Test Method for Slump of Hydraulic-Cement 
Concrete. 

b. C144, Standard Specification for Aggregate for Masonry Mortar. 

c. C150/C150M, Standard Specification for Portland Cement. 

d. C207, Standard Specification for Hydrated Lime for Masonry Purposes. 

e. C270, Standard Specification for Mortar for Unit Masonry. 

f. C404, Standard Specification for Aggregates for Masonry Grout. 

g. C476, Standard Specification for Grout for Masonry. 

h. C1019, Standard Test Method for Sampling and Testing Grout. 

i. C1093, Standard Practice for Accreditation of Testing Agencies for 
Masonry. 

j. C1384, Standard Specification for Admixtures for Masonry Mortars. 

2. Masonry Standards Joint Committee (MSJC): 

a. Specification for Masonry Structures (ACI 530.1/ASCE 6/TMS 602); 
referred to herein as MSJC Specification. 

3. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 
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B. Qualifications: 

1. Preconstruction Testing Laboratory shall be an independent agency 
qualified in accordance with ASTM C1093 for performing the testing 
indicated. 

a. Testing Laboratory shall have a minimum of 10 years experience in the 
testing of mortar and grout. 

b. Technician conducting tests shall have minimum of five years experience 
in the testing of mortar and grout. 

C. Mock-Ups: 

1. Provide mortar and grout for mock-up specified in Specification Section 04 
22 00. 

1.3 DEFINITIONS 

A. Coarse grout and fine grout are defined by the aggregate size used in 
accordance with ASTM C476. 

B. Coarse aggregate and fine aggregate are defined in ASTM C404, Table 1. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. General: 

1) Product data for cementitious materials. 

2) Source or producer of aggregates and gradation. 

3) Integral water repellent manufacturer's dosage rate. 

c. Proposed mortar mix design: 

d. Proposed masonry grout mix design. 

3. Test results: 

a. Preconstruction mortar test results. 

b. Preconstruction masonry grout test results. 

B. Samples: 

1. Colored mortar samples for color selection by Engineer. 

a. Color card and plastic simulations are not acceptable. 

C. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 
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2. Qualifications of testing lab and technician. 

3. Test results and inspection reports per Specification Section 01 45 33. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Store cementitious materials on elevated platforms, under cover, and in a dry 
location. 

1. Do not use cementitious materials that have become damp. 

B. Store aggregates where grading and other required characteristics can be 
maintained and contamination avoided. 

C. Deliver preblended, dry mixes in moisture-resistant containers. 

1. Store preblended, dry mixes in delivery containers on elevated platforms, 
under cover, and in a dry location or in a metal dispensing silo with 
weatherproof cover. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Portland Cement: 

1. ASTM C150/C150M, Type I or II. 

2. No air entrainment. 

3. Natural color. 

4. Maximum percent of alkalis:  0.60 in accordance with ASTM C150/C150M, 
Table 2. 

B. Hydrated Lime: 

1. ASTM C207, Type S. 

2. Type SA not acceptable. 

3. Lime substitutes are not acceptable. 

C. Mortar Aggregate:  ASTM C144, free of gypsum. 

D. Grout Aggregate:  ASTM C404. 

E. Water:  Potable. 

F. Mortar Pigments: 

1. Commercial colorants suitably compounded for use in mortar mixes. 

2. Do not exceed manufacturer's recommended pigment-to-cement ratios. 

G. Integral Water Repellent Admixture: 

1. Liquid polymeric admixture:  ASTM C1384. 

2. Verify compatibility with liquid water repellent admixture being used in the 
fabrication of concrete masonry units. 
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2.2 MIXES 

A. Mortar and grout shall comply with MSJC Specification and Building Code. 

B. Type "S" mortar shall be used: 

1. Comply with ASTM C270, Table No. 1, Cement-Lime Mortar. 

a. Do not use masonry cement or mortar cement. 

b. No fly ash additives will be accepted. 

2. Mix materials minimum of three minutes and maximum of five minutes. 

3. Adjust consistency to satisfaction of mason. 

4. Do not use admixtures unless otherwise indicated. 

5. Provide integral water repellent admixture in mortar used for: 

a. Exterior concrete masonry work. 

b. Interior concrete masonry work in wet areas. 

6. Do not use integral water repellent admixture in mortar for brick. 

C. Masonry Grout: 

1. ASTM C476. 

a. Minimum 28-day compressive strength:  2,000 PSI. 

b. Slump:  8 to 11 IN. 

2. Mix 5 minutes minimum.  

3. No admixtures allowed. 

4. At Contractor's option, premixed or preblended grout meeting the above 
minimum requirements may be used. 

2.3 SOURCE QUALITY CONTROL 

A. Perform preconstruction laboratory tests on proposed masonry mortar and 
grout prior to start of masonry work. 

1. Perform tests far enough in advance so that any necessary retesting can be 
accomplished before masonry construction begins. 

a. Test mortar per ASTM C270. 

b. Test grout per ASTM C1019. 

B. Source Limitations for Mortar Materials: 

1. Obtain mortar ingredients of a uniform quality, including color for exposed 
masonry, from a single manufacturer for each cementitious component and 
from one source or producer for each aggregate. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions and MSJC 
Specification. 

B. Mortar: 

1. If standard gray mortar begins to stiffen, it may be retempered by adding 
water and remixing unless prohibited by water repellent admixture 
manufacturer. 

a. Standard gray mortar shall not be retempered more than one time. 

b. Colored mortar shall not be retempered. 

2. All mortar must be used within 2-1/2 HRS maximum after initial mixing per 
MSJC Specification. 

3. Engineer reserves right to alter mix design based on initial rate of absorption 
of masonry units. 

4. Use colored mortar for architectural CMU veneer. 

C. Masonry Grout: 

1. Use grout within 1-1/2 HRS maximum after initial mixing. 

2. Use no grout after it has begun to set. 

3. Do not retemper grout after initial mixing. 

4. Place grout in lifts not exceeding 4 FT. 

5. Use coarse grout in spaces with least dimension over 2 IN. 

6. Consolidate all grout while installing. 

a. Consolidate grout pours 12 IN or less in height by mechanical vibration 
or by puddling. 

b. Consolidate grout pours exceeding 12 IN in height by mechanical 
vibration and reconsolidate by mechanical vibration after initial water loss 
and settlement has occurred. 

3.2 FIELD QUALITY CONTROL 

A. Masonry Mortar and Grout Testing and Inspection: 

1. Testing and inspection services will be provided by the Owner's special 
masonry inspector. 

a. Do not include in the bid price the cost of these services. 

2. Testing and inspection shall include, but is not limited to: 

a. Observe proportions of site-prepared mortar and grout. 

b. Observe grout space prior to grouting. 
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c. Grout compressive strength sampling, testing and reporting per ASTM 
C1019. 

1) One strength test shall be the average of three specimens from the 
same sample, tested at 28 days.  

d. Grout slump test sampling, testing, and reporting per ASTM 
C143/C143M. 

e. Frequency of sampling:  One sample (three specimens) collected each 
grouting operation during masonry construction. 

3. Reporting:  Special inspector to submit test results and inspection reports 
per Specification Section 01 45 33. 

END OF SECTION 
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SECTION 04 05 23 

MASONRY ACCESSORIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Masonry accessories. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 04 22 00 - Concrete Masonry. 

4. Section 05 50 00 - Metal Fabrications. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A82, Standard Specification for Steel Wire, Plain, for Concrete 
Reinforcement. 

b. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron 
and Steel Hardware. 

c. A480, Standard Specification for General Requirements for Flat-Rolled 
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip. 

d. A580, Standard Specification for Stainless Steel Wire. 

e. A666, Standard Specification for Annealed or Cold-Worked Austenitic 
Stainless Steel Sheet, Strip, Plate, and Flat Bar. 

f. A951, Standard Specification for Steel Wire for Masonry Joint 
Reinforcement. 

g. A1008, Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, 
Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with 
Improved Formability, Solution Hardened, and Bake Hardenable. 

h. D412, Standard Test Method for Vulcanized Rubber and Thermoplastic 
Elastomers - Tension. 

i. D624, Standard Test Method for Tear Strength of Conventional 
Vulcanized Rubber and Thermoplastic Elastomers. 

j. D2000, Standard Classification System for Rubber Products in 
Automotive Applications. 

k. D2240, Standard Test Method for Rubber Property—Durometer 
Hardness. 
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2. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2018 Edition 
including all amendments, referred to herein as Building Code. 

B. Mock-Ups: 

1. Provide specified products for inclusion into mock-up panels required by 
Specification Section 04 22 00. 

2. Coordinate with built-in items and veneer coursing. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Tear resistance of flashing material. 

d. Manufacturer's recommendations for flashing adhesive. 

e. Manufacturer's data sheet on each product. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Weep vents for cavity wall construction: 

a. Heckman Building Products Inc. 

b. Hohmann & Barnard, Inc. 

c. Wire Bond. 

d. Mortar Net USA, Ltd. 

2. Reglets: 

a. Hohmann & Barnard, Inc. 

b. W.  P.  Hickman Co. 

c. Superior Concrete Accessories, Inc. 

3. Masonry anchors, horizontal joint reinforcing and miscellaneous anchors: 

a. Heckman. 

b. Hohmann & Barnard, Inc. 

c. Wire Bond. 
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4. Thru wall flashing: 

a. EPDM: 

1) Carlisle Syntech Systems, Inc. 

2) Firestone Building Products Co. 

5. Weep joint mortar protection system: 

a. Mortar Net USA, Ltd. 

b. Hohmann & Barnard, Inc. 

c. Wire Bond. 

6. Preformed control joint inserts: 

a. Hohmann & Barnard, Inc. 

b. Wire Bond. 

7. Grout screen: 

a. Wire Bond. 

b. Heckman Building Products. 

c. Hohmann & Barnard, Inc. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MANUFACTURED UNITS 

A. Thru Wall Flashing: 

1. 40 MIL EPDM manufactured specifically for thru wall flashing. 

a. Tear resistance:  ASTM D624, 150 LB/IN minimum. 

b. Width as necessary. 

1) Provide single piece full width, no horizontal joints will be allowed 
unless approved in writing by Engineer. 

c. Factory precut wherever possible. 

d. Factory fabricated inside corners, outside corners, and end dams. 

B. Flashing Adhesive:  As recommended by flashing manufacturer for sealing laps, 
sealing to vertical masonry and concrete surfaces and sealing to stainless steel 
surfaces. 

C. Weep Vent: 

1. 90 PCT open mesh vent designed to be placed in vertical mortar joint. 

2. Mortar Net USA, Ltd. "Mortar Net Weep Vents." 

3. Color:  Match CMU color. 

D. Reglets: 

1. Products specified are manufactured by Hohmann & Barnard, Inc. 

2. For masonry construction:  Type #MR - Masonry Reglet. 
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3. For concrete construction:  Type #CR - Concrete Reglet. 

E. Veneer Anchorage System for  Concrete Masonry Back-up: 

1. Adjustable pintle and plate: 

a. Conform to ASTM A951. 

b. Cold drawn steel wire pintle, ASTM A82. 

c. 14 GA steel plate, ASTM A1008. 

d. Galvanized, ASTM A153/A153M, Class B2. 

e. 3/16 IN DIA wire x length necessary to embed pintle minimum 2 IN into 
veneer mortar joint. 

F. Horizontal Joint Reinforcing: 

1. General: 

a. Conform to ASTM A951. 

b. Cold drawn steel wire, ASTM A82. 

c. 9 GA side rods. 

d. 9 GA cross rods. 

e. Hot-dipped galvanized, ASTM A153/A153M. 

f. Prefabricated corner and tee sections with minimum length of 30 IN from 
point of intersection. 

2. Single wythe wall joint reinforcing:  Ladder design. 

3. Cavity wall joint reinforcing with masonry back-up: 

a. Ladder design horizontal joint reinforcing. 

b. Wire eyes welded to horizontal joint reinforcing. 

1) Length as necessary to project through rigid insulation into airspace. 

c. 3/16 IN DIA adjustable pintle veneer anchors. 

1) Length as  necessary to provide minimum 2 IN embed into veneer 
mortar joint. 

d. Hohmann & Barnard "270 Ladder." 

G. Rigid Steel Masonry Anchors: 

1. 1 IN by 1/4 IN with ends turned up 2 IN. 

2. Hot-dipped galvanized steel, ASTM A153/A153M. 

3. Length: 

a. 24 IN unless noted otherwise. 

b. Where wall conditions such as jambs or other obstructions preclude the 
use of 24 IN anchors, shorter anchors may be used. 

H. Mesh Wall Ties: 

1. Hot-dipped galvanized steel, ASTM A153/A153M. 
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2. 16 GA, 1/2 IN square mesh. 

3. Width:  2 IN less than nominal wall thickness. 

4. Length:  As necessary to embed minimum 6 IN into each wall. 

I. Grout Screen: 

1. Polypropylene monofilament. 

2. 1/4 x 1/4 IN mesh. 

3. Width of grout screen to be 2 IN less than nominal width of CMU. 

J. Weep Joint Mortar Protection System: 

1. 100 PCT recycled polyester. 

2. 90 PCT minimum open weave mesh. 

3. Minimum 10 IN high by full width of air cavity. 

4. Trapezoidal shape. 

K. Preformed Rubber Control Joint Inserts: 

1. ASTM D2000, M2AA-805. 

2. Hardness:  ASTM D2240, Shore A Durometer, 80 +/-5. 

3. Ultimate elongation:  350 PCT, ASTM D412. 

4. Tensile strength:  1000 PSI, ASTM D412. 

5. Hohmann & Barnard #RS Series. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Thru Wall Flashing: 

1. Install to provide positive drainage of cavity moisture. 

2. Extend flashing horizontally beyond each edge of lintel or sills to next 
vertical mortar joint but not less than 4 IN and turn up edge one (1) full 
veneer course. 

a. Seal all joints. 

3. Where thru wall flashing steps up or down in the wall, provide end dam at 
step. 

a. End dam shall extend up or down to tie into thru wall flashing step. 

b. Seal all joints for continuous watertight barrier. 

4. At concrete masonry unit back-up, install upper edge of flashing into block 
joint. 
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5. Adhere vertical surface of flashing to back-up wall with adhesive 
recommended by flashing manufacturer. 

6. Extend flashing minimum of 6 IN above top of weep joint mortar protection 
system. 

7. Lap and seal flashing at all inside and outside corners to provide continuous 
uninterrupted barrier. 

C. Weeps: 

1. Provide open weep joints at maximum 16 IN OC in head joint of first course 
of veneer immediately above thru wall flashing. 

a. Omit mortar bed on top of thru wall flashing at each open weep joint 
location to allow moisture an unobstructed path to the exterior. 

b. Weep joints shall be not more than 4 IN high. 

2. Provide weep vents maximum 16 IN OC in top of head joint of top course of 
veneer or as indicated on Drawings. 

a. Do not use weep vents in weep joints at the bottom of the wall. 

b. Set weep vents back away from face of veneer slightly so the front edge 
of the vent is contained within the mortar joint. 

D. Weep Joint Mortar Protection System: 

1. Install continuous row(s) of material. 

2. Provide multiple thicknesses of material compressed as necessary to 
completely fill the entire air cavity. 

a. Thickness to be at least 10 PCT wider than air cavity being filled. 

3. Set material directly on top of thru wall flashing. 

E. Butt joints of preformed control joint inserts tightly together and secure with 
adhesive or sealant acceptable to insert manufacturer. 

F. Anchoring Veneer: 

1. Veneer with concrete block back-up: 

a. Anchor veneer to new construction using horizontal joint reinforcing and 
adjustable pintle veneer anchors. 

G. Reinforcing Masonry: 

1. General: 

a. Provide continuous horizontal joint reinforcing in all concrete masonry 
wall construction. 

1) Embed longitudinal side rods in mortar for entire length with minimum 
cover of 5/8 IN on exterior side of walls and 1/2 IN at other locations. 

a) For interior partitions, the "exterior" side of the wall is considered 
the side having the most corrosive atmosphere or the corridor side 
of the wall. 
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2) Lap reinforcement minimum of 12 IN at ends. 

a) Remove cross wires on one (1) side of the lap splice and bend the 
side rods slightly so the lap is provided with 12 IN of uninterrupted 
wire lap occurring in the same plane. 

3) Do not bridge control joints with horizontal joint reinforcing. 

4) Do not bridge expansion joints with horizontal joint reinforcing. 

5) At corners and wall intersections use prefabricated "L" and "T" 
horizontal joint reinforcing sections. 

6) Cut and bend as necessary. 

b. Install reinforcing at 16 IN OC vertically unless noted otherwise on 
Drawings. 

c. Install reinforcing 8 IN OC vertically for a minimum of 24 IN at starter 
courses. 

1) Do not install horizontal joint reinforcing in veneer mortar joint having 
through-wall flashing. 

d. In concrete masonry back-up construction, install additional horizontal 
joint reinforcing and adjustable pintle veneer anchors 16 IN OC in 
courses on each side of vertical control joints and on each jamb of 
openings for full height of joint or opening. 

1) Alternate with normal wall horizontal joint reinforcing. 

2) Extend reinforcing minimum 32 IN beyond joint or jambs of opening. 

e. In concrete masonry back-up construction, reinforce masonry openings 
over 12 IN wide with horizontal joint reinforcing and adjustable pintle 
veneer anchors placed in three (3) horizontal joints above lintel and two 
(2) horizontal joints below sill. 

1) Extend minimum of 32 IN beyond jambs of opening. 

2. Reinforcing concrete masonry: 

a. Install reinforcing bars where indicated on Drawings. 

1) Provide means necessary to ensure position of vertical steel 
reinforcing meets requirements of Building Code. 

b. At intersecting load-bearing walls, provide rigid steel anchors 16 IN OC 
vertically, embed ends in grout filled cores. 

1) Alternate rigid steel anchors with horizontal joint reinforcing. 

c. At intersecting non-load bearing walls or at intersecting load bearing/non-
load bearing walls provide mesh wall ties in mortar joint at 16 IN OC 
vertically. 

1) Extend minimum 6 IN into each wall. 

2) Alternate mesh wall ties with horizontal joint reinforcing. 

d. Anchor intersecting concrete masonry to intersecting cast-in-place or 
precast concrete using dovetail slots and anchors. 

1) Provide dovetail anchors at 16 IN OC or as noted on Drawings. 
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3. Repair all galvanized coatings damaged as a result of welding. 

a. See Specification Section 05 50 00 for galvanizing repair system. 

4. Reinforcing veneer: 

a. Reinforce veneer with joint reinforcement placed in veneer mortar joints: 

1) In new masonry back-up construction alternate veneer horizontal joint 
reinforcing with horizontal joint reinforcing and adjustable pintle 
veneer anchors. 

H. Install reglets as walls are being constructed. 

1. Set reglets true with wall, plumb and at consistent depth. 

I. Remove all excess mortar and grout from reglets as walls are being constructed 
and protect reglet openings from filling with mortar, grout and other construction 
debris. 

END OF SECTION 
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SECTION 04 05 50 

COLD AND HOT WEATHER MASONRY CONSTRUCTION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Cold weather protection. 

2. Hot weather protection. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Brick Industry Association (BIA): 

a. Technical Note 1, Cold and Hot Weather Construction. 

2. Masonry Standards Joint Committee (MSJC): 

a. Specification for Masonry Structures (ACI 530.1/ASCE 6/TMS 602); 
referred to herein as MSJC Specification. 

3. National Concrete Masonry Association (NCMA). 

a. TEK 3-1C, All Weather Concrete Masonry Construction. 

1.3 DEFINITIONS 

A. Hot Weather Construction:  Per MSJC Specification, hot weather construction is 
defined as occurring when ambient temperatures exceed 100 DEGF or 90 
DEGF when the wind velocity is greater than 8 MPH. 

B. Cold Weather Construction:  Per MSJC Specification, cold weather construction 
is defined as occurring when ambient temperature falls below 40 DEGF or 
when the temperature of the masonry units is below 40 DEGF. 

PART 2 - PRODUCTS - (NOT APPLICABLE TO THIS SPECIFICATION SECTION) 

PART 3 - EXECUTION 

3.1 ERECTION AND APPLICATION 

A. General: 

1. Comply with NCMA TEK 3-1C and BIA Tech Note 1 recommendations and 
practices. 

2. Do not use frozen or ice coated materials. 
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3. At end of each day or at shutdown, cover tops of all walls not enclosed or 
sheltered with clear polyethylene minimum 6 MIL thick. 

a. Extend down each side of wall minimum of 16 IN and secure. 

B. Temporary Facilities: 

1. Construct and maintain temporary protection required to permit continuous 
and orderly progress of work. 

2. Provide and maintain heat sufficient to assure temperature above 32 DEGF 
within protected areas. 

3. Remove all temporary facilities after completion of work. 

C. Cold Weather Construction and Protection Requirements: 

1. Prior to and during installation: 

a. Air temperature 32 to 40 DEGF:  Heat mixing water or aggregate to 
produce mortar temperatures between 40 and 120 DEGF. 

b. Air temperature 25 to 32 DEGF: 

1) Heat mixing water or aggregate to produce mortar temperatures 
between 40 and 120 DEGF. 

2) Maintain mortar temperatures above freezing until used. 

c. Air temperature below 25 DEGF: 

1) Heat mixing water and aggregate to produce mortar temperatures 
between 40 and 120 DEGF. 

2) Maintain mortar temperatures above freezing until used. 

3) Maintain temperature of units until laid at not less than 40 DEGF. 

4) Provide heat on both sides of walls under construction to maintain air 
temperature above freezing. 

5) Provide windbreaks or shelters when wind is in excess of 15 MPH.  

a) Wind breaks or shelters shall be translucent. 

2. After installation: 

a. Air temperature 32 to 40 DEGF:  Protect from rain or snow for not less 
than 24 HRS by covering with weather-resistive translucent membrane. 

b. Air temperature 25 to 32 DEGF:  Completely cover with translucent 
weather-resistive membrane for not less than 24 HRS. 

c. Air temperature 20 to 25 DEGF:  Completely protect with insulating 
blankets for not less than 24 HRS or provide other protection approved 
by Engineer. 

d. Air temperature below 20 DEGF: 

1) Provide enclosed translucent shelters and heating to maintain air 
temperature on each side of wall above 32 DEGF for 24 HRS. 

2) Do not allow rapid drop in temperature after removal of heat. 
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e. Promptly repair all tears, holes, etc., to translucent membrane and 
shelter using compatible patching material and tape as recommended by 
membrane manufacturer. 

D. Hot Weather Construction and Protection Requirements: 

1. Comply with requirements of NCMA, BIA and MSJC Specification. 

2. Storage and preparation of materials. 

a. Cover or shade masonry units and mortar materials from direct sun. 

b. Maintain sand in a damp loose condition. 

1) Sand moisture shall be maintained at minimum 8 PCT. 

2) Sprinkle with cool water as required to maintain moisture content. 

c. Use cool water for mixing mortars. 

d. Avoid using tools and equipment that have been sitting in the sun. 

1) Sprinkle mortar boards, mortar pans, wheel barrows, mixers, etc., 
with cool water. 

e. Do not wet concrete masonry units prior to use. 

3. Installation: 

a. Place masonry units within one minute of the spreading of the mortar. 

1) Mortar beds shall not be spread more than 4 FT ahead of the 
masonry unit being placed. 

b. Provide wind screens and shading partitions as required to eliminate 
direct sunlight exposure. 

c. Wet installed units using fog spray of clean water. 

d. Cover installed work immediately after installation to slow rate of loss of 
moisture from units. 

e. Fog-spray new masonry work until damp. 

1) Repeat fog spraying minimum of three times per day until masonry 
work has cured for 72 HRS. 

2) In high humidity conditions, Engineer reserves the right to discontinue 
fog spraying if operation is found to be introducing excessive 
amounts of moisture into the Work. 

END OF SECTION
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SECTION 04 22 00 

CONCRETE MASONRY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Concrete masonry construction (CMU), including: 

a. Standard concrete masonry. 

b. Split-face masonry. 

2. Integral water repellent admixture. 

3. Masonry special inspection. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 21 00 - Reinforcement. 

4. Section 03 31 30 - Concrete, Materials and Proportioning. 

5. Section 04 01 20 - Masonry Cleaning. 

6. Section 04 05 13 - Masonry Mortar and Grout. 

7. Section 04 05 23 - Masonry Accessories. 

8. Section 04 05 50 - Cold and Hot Weather Masonry Construction. 

9. Section 07 19 00 - Liquid Water Repellent. 

10. Section 07 21 00 - Building Insulation. 

11. Section 07 92 00 - Joint Sealants. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. C33, Standard Specification for Concrete Aggregates. 

b. C55, Standard Specification for Concrete Building Brick. 

c. C90, Standard Specification for Loadbearing Concrete Masonry Units. 

d. C140, Standard Test Methods for Sampling and Testing Concrete 
Masonry Units and Related Units. 

e. C426, Standard Test Method for Linear Drying Shrinkage of Concrete 
Masonry Units. 

f. C1357, Standard Test Methods for Evaluating Masonry Bond Strength. 
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g. E514, Standard Test Method for Water Penetration and Leakage 
Through Masonry. 

2. Masonry Standard Joint Committee (MSJC): 

a. Specification for Masonry Structures (ACI 530.1/ASCE 6/TMS 602); 
referred to herein as MSJC Specification. 

3. National Concrete Masonry Association (NCMA): 

a. TEK 2-3A, Architectural Concrete Masonry Units. 

b. TEK 3-4B, Bracing Concrete Masonry Walls During Construction. 

c. TEK 8-2A, Removal of Stains from Concrete Masonry. 

d. TEK 8-3A, Control and Removal of Efflorescence. 

4. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards,2012  Edition 
including all amendments, referred to herein as Building Code. 

5. Concrete masonry unit manufacturer shall be licensed or qualified, in writing, 
by manufacturer of integral water repellent admixture to produce masonry 
units containing manufacturer's admixture. 

a. Concrete masonry unit manufacturer shall have a minimum of five (5) 
years experience producing masonry units containing manufacturer's 
admixture. 

B. Mock-Ups: 

1. Prior to permanent wall construction, construct mock-up. 

a. Construct mock-up on a concrete slab or footing as necessary to 
demonstrate construction details. 

1) Minimum slab thickness:  4 IN. 

b. Mock-up shall show full color range, texture and bond pattern(s) of all 
masonry specified. 

c. Mock-up shall be as large as required to properly display all conditions 
required by the building masonry construction. 

1) Minimum 4 FT high x 8 FT long. 

a) Return corners and intersections minimum 4 FT. 

2) Mock-up shall demonstrate: 

a) Outside corner condition. 

b) Inside corner condition. 

c) Intersection of interior masonry partition. 

d) Jamb condition demonstrating lintel bearing and flashing. 

e) Masonry control joint. 
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d. Include all special corners and other special CMU detailing shown on 
Drawings. 

e. Include all types of masonry shown on Drawings, including: 

1) Pre-colored masonry. 

2) Split-face masonry. 

f. Mock-up shall include, as a minimum: 

1) All types of masonry. 

a) All special shapes. 

b) All types of back-up wall system(s). 

2) Vertical wall reinforcing with grouted cell. 

3) Typical bond beam construction. 

4) Typical lintel construction. 

5) Positioning, securing and lapping of reinforcing steel. 

6) Masonry accessories: 

a) Horizontal joint reinforcing. 

(1) Positioning and lapping of joint reinforcing. 

b) Veneer anchorage system(s). 

c) Thru wall flashing. 

(1) Demonstrate inside and outside corner conditions showing 
thru wall flashing lapping, jointing and sealing  

d) Weep joint mortar protection system. 

e) Weep joints and weep vents, 

f) Typical control joint construction. 

g) Mesh wall ties. 

h) Rigid steel masonry anchors. 

7) Insulation. 

8) Cleaning of masonry work. 

2. Step construction of mock-up to allow observation of all components. 

3. Mock-up shall constitute minimum standard of quality for actual construction. 

a. Maintain mock-up during construction. 

4. If not acceptable, construct additional mock-ups as required. 

5. Remove when directed by Engineer. 

C. All masonry units of any one (1) particular type, color or face style shall be from 
the same production run. 

1. Special shapes shall be factory fabricated unless noted otherwise. 
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1.3 DEFINITIONS 

A. Definitions to be in accordance with Standard Unit Nomenclature Table 1, 
NCMA TEK 2-3A. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Manufacturer's information on aggregate and cement type used in 
manufacture. 

b. Data sheet on each type of masonry unit, including: 

1) Pre-colored masonry. 

2) Split-face masonry. 

3. Drawings: 

a. Scaled (minimum 1/8 IN per foot) plans showing proposed locations of 
masonry control joints. 

b. Wall elevations and sections, indicating special shapes, shape part 
numbers, applicable dimensions.  

c. Detail drawings for: 

1) Precast concrete lintels. 

a) Show profiles, cross-sections, reinforcement and steel 
components. 

4. Certifications: 

a. Certification that concrete masonry units meet or exceed requirements of 
standards referenced. 

b. Certification that fire-resistive rated units meet the requirements of the 
Building Code.  

c. Certification that integral water repellent admixture will not affect the use 
of coloring processes or alter the actual colors of factory colored 
masonry units. 

d. Data sheets on integral water repellent admixture being used in masonry 
unit manufacturing. 

e. Technical bulletins on cleaning masonry containing integral water 
repellent. 

f. Certification of integral water repellent admixture dosage rates from 
concrete masonry unit producer. 

g. Concrete masonry producer shall certify that integral liquid water 
repellent admixture has been provided at dosage rate recommended by 
admixture manufacturer for use in exterior wall construction. 
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5. Qualifications of testing lab and technician. 

6. Test results for all masonry testing. 

B. Samples: 

1. Concrete Masonry Finish Samples:  Manufacturer's complete offering of 
colors and textures for each type of masonry specified. 

a. Minimum 3 IN SQ samples for initial selection. 

b. Provide two (2) 8 IN SQ samples if each type of masonry selected for 
final approval. 

c. Samples of standard gray masonry will not be required. 

C. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver units on pallets with tight covers or deliver in cubes and store on 
dunnage. 

B. Protect units from damage. 

C. Inspect units upon delivery for damage, to assure color match with mock-up or 
approved samples, dimensional quality, and trueness of unit. 

1. Remove damaged or otherwise unacceptable units from the Project Site. 

D. Store units in accordance with manufacturer's recommendations. 

PART 2 - PRODUCTS 

1. MANUFACTURERSSubject to compliance with the Contract Documents, 
the following manufacturers are acceptable:Standard masonry units: 

a. Any manufacturer capable of meeting the requirements of this 
Specification Section. 

2. Integral water repellent admixture: 

a. GCP Applied Technologies, Inc. 

b. ACM Chemistries, Inc. 

2.2 MATERIALS 

A. Cement:  Type I or II Portland, ASTM C150. 

B. Aggregate:  ASTM C33. 

C. Reinforcing Bars:  Refer to Specification Section 03 21 00. 

D. Mortar:  Refer to Specification Section 04 05 13. 

E. Masonry Grout:  Refer to Specification Section 04 05 13. 

F. Masonry Accessories:  Refer to Specification Section 04 05 23. 
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G. Insulation:  Refer to Specification Section 07 21 00. 

H. Sealants:  Refer to Specification Section 07 92 00. 

I. Integral Concrete Masonry Water Repellent: 

1. Liquid polymeric admixture. 

2. GCP Applied Technologies, Inc., "DRY-BLOCK". 

2.3 MANUFACTURED UNITS 

A. General: 

1. Fire resistive units:  Fabricate to meet the Building Code. 

2. Fabricated in the manufacturing plant. 

3. Provide square corners unless noted otherwise. 

B. Concrete Masonry Units: 

1. Modular units:  ASTM C90. 

a. Normal weight units:  Minimum of 125 LB/CF. 

b. Light weight or medium weight units are not acceptable. 

c. Size: 

1) Interior Units: 8 IN by 8 IN by 16 IN 

2) Chemical Building Screen Wall: 12 IN by 8 IN by 16 IN 

a) Texture: Smooth and split face.  Refere to drawings for locations. 

3) Architectural veneer units:  ASTM C1634, Normal weight. 

a) Texture:  Smooth and split face.  Refer to drawings for locations. 

b) Size: Nominal 4 IN by 8 IN by 16 IN and 4 IN by 4 IN by 16 IN.  
Refer to drawings for locations. 

2. Color: 

a. Interior units:  Standard gray. 

b. Exposed veneer exterior units:  Precolored, to be selected from 
manufacturer standard and premium color.. 

c. Chemical Building Screen Wall: Precolored, to be selected from 
manufacturer standard and premium color.  

3. Design compressive strength:  f'm=1,500 PSI minimum.  

a. Determine in accordance with MSJC Specification. 

1) Unit strength method, sampled and tested in accordance with ASTM 
C140. 

4. Provide masonry units manufactured with integral water repellent admixture 
for the following exposures: 

a. Exterior veneer. 

b. Exterior single-wythe construction. 
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c. Exterior composite wall construction. 

d. Interior areas defined as wet and/or corrosive. 

1) See Specification Section 07 92 00 for definition of wet and/or 
corrosive areas. 

5. Special shapes and faces: 

a. Corner units. 

1) Corner units used in veneer wythe shall have a finished return leg 
one-half the length of a standard modular stretcher unit. 

2) Corner units shall maintain regular modular masonry coursing. 

b. Finished end units. 

c. Other special shapes as indicated on Drawings or necessary to maintain 
coursing. 

2.4 PERFORMANCE AND DESIGN REQUIREMENTS: 

A. Integral Concrete Masonry Water Repellent: 

1. Water permeance of masonry:  Capable of achieving a Class E Rating when 
evaluated using ASTM E514 with the test extended to 72 HRS, using the 
rating criteria specified in ASTM E514. 

2. Flexural bond strength of masonry:  An increase of 10 PCT, minimum, in 
masonry flexural bond strength shall occur as a result of adding integral 
water-repellent concrete masonry and mortar admixtures when compared to 
a control (containing no admixtures) concrete masonry and mortar tested in 
accordance with ASTM C1357. 

3. Compressive strength validation shall be per unit strength method. 

4. Drying shrinkage of masonry:  Maximum 5 PCT increase in drying shrinkage 
of the concrete masonry units shall occur as a result of adding integral water 
repellent concrete masonry admixture when compared to a control 
(containing no admixtures) concrete masonry when tested in accordance 
with ASTM C426. 

5. Grout shear bond strength:  Maximum 5 PCT decrease in grout shear bond 
strength shall occur as a result of adding integral water repellent admixture 
to the concrete masonry units when compared to a control (containing no 
admixtures). 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Verify that anchors and flashings are correct. 

B. Lay out walls in advance for uniform and accurate spacing of bond patterns and 
joints. 

1. Properly locate openings, movement type joints, returns, and offsets weep 
joints and weep vents. 
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3.2 INSTALLATION 

A. General: 

1. Build in flashing, reinforcing, reglets, weeps, weep vents and related 
accessory items. 

a. See Specification Section 04 05 23 for installation of accessory items. 

2. Perform all cutting using masonry saw blades. 

3. Drill holes using masonry drill bits or core drill. 

a. Holes made by chipping unit will not be accepted. 

4. Install field units in running bond, unless noted otherwise. 

a. Provide special coursing where indicated on the Drawings. 

5. Install units in running bond as shown on Drawings. 

6. Cut as required to maintain bond pattern. 

7. Use solid units where cutting or laying would expose holes and as noted on 
Drawings. 

8. Avoid use of less than half size units, whenever possible. 

9. Do not use chipped, cracked, spalled, stained or imperfect units exposed in 
finish work. 

10. Provide units of uniform color, within the range demonstrated on the 
approved mock-up. 

11. Do not wet concrete masonry units. 

12. Build chases and recesses as indicated and required for work of other 
trades. 

a. Provide not less than 8 IN of masonry between chase or recess and 
jamb of openings, and between adjacent chases and recesses unless 
detailed otherwise on the Drawings. 

13. In fire-resistive rated wall construction, install fire resistive units in 
accordance with the Building Code. 

B. Concrete Masonry Units: 

1. Grout solid all cells containing steel reinforcing and as indicated on 
Drawings. 

a. Refer to Specification Section 04 05 13 for grouting. 

C. Laying and Tooling: 

1. Lay masonry units with completely filled bed and head joints. 

a. Provide full mortar bed on all block cross webs and completely fill head 
joints. 

1) Do not slush head joints. 
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2) Protect cells requiring grout fill from mortar droppings. 

3) Omit mortar from head joint at weep joint opening. 

b. In cavity wall construction, taper mortar on inside edge of veneer and 
outside edge of masonry back-up to prevent mortar from falling into 
cavity. 

c. Protect cavity during laying of masonry as required to prevent mortar 
droppings from filling cavity. 

d. Install weep joint mortar protection system in cavity per Specification 
Section 04 05 23. 

2. Maintain nominal 3/8 IN joint widths. 

a. Cut joints flush where concealed. 

b. Tool exposed joints concave. 

c. Compress mortar in below ground joints and in joints concealed by 
insulation in cavity wall construction. 

d. Provide wider joints where noted on Drawings. 

1) In no case shall any mortar joint be more than 3/4 IN wide. 

e. Where masonry sits on top of steel support omit the mortar joint on top of 
the support and sit masonry directly on top of the thru wall flashing or the 
steel support member unless a mortar joint is required to maintain 
coursing. 

3. During tooling of joints, enlarge any voids or holes except weeps, and 
completely fill with mortar. 

4. Point-up all joints at corners, openings, and adjacent work to provide neat, 
uniform appearance. 

5. Remove masonry disturbed after laying. 

a. Clean and relay in fresh mortar. 

b. Do not pound units to fit. 

c. If adjustments are required, remove units, clean, and reset in fresh 
mortar. 

6. Where work is stopped and later resumed, rack back 1/2 masonry unit 
length in each course. 

a. Remove loose units and mortar prior to laying fresh masonry. 

7. As work progresses, build in items indicated on Drawings and specified. 

a. Fill in solidly with mortar around built-in items. 

b. Where built-in items are to be embedded in cores of hollow masonry 
units, place grout screen in joint below and fill core solid with mortar. 

D. Control Joints and Sealants: 

1. Provide vertical expansion, control and isolation joints where indicated on 
Drawings. 
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2. Where not indicated on Drawings, submit proposed control joint locations in 
accordance with the following requirements: 

a. Provide control joints at maximum 24 FT OC. 

b. Provide at all T intersections. 

c. Locate joints so as to allow lintels and bond beams above and below 
openings to extend beyond the opening as indicated on the Drawings 
without control joints thru the lintel or bond beam. 

3. Rake out mortar in joint. 

4. Refer to Specification Section 07 92 00 for sealant installation requirements. 

a. Seal control and expansion joints. 

E. Tolerances: 

1. Maximum variation from plumb in vertical lines and surfaces of columns, 
walls, and arises: 

a. 1/4 IN in 10 FT. 

b. 3/8 IN in a story height not to exceed 20 FT. 

c. 1/2 IN in 40 FT or more. 

2. Maximum variation from plumb for external corners, expansion joints, and 
other conspicuous lines: 

a. 1/4 IN in any story or 20 FT maximum. 

b. 1/2 IN in 40 FT or more. 

3. Maximum variation from level of grades for exposed lintels, sills, parapets, 
horizontal grooves, and other conspicuous lines: 

a. 1/4 IN in any bay or 20 FT. 

b. 1/2 IN in 40 FT or more. 

4. Maximum variation from plan location of related portions of columns, walls, 
and partitions: 

a. 1/2 IN in any bay or 20 FT. 

b. 3/4 IN in 40 FT or more. 

5. Maximum variation in cross-sectional dimensions of columns and 
thicknesses of walls from dimensions shown on Drawings: 

a. Minus 1/4 IN. 

b. Plus 1/2 IN. 

6. Maximum variation in mortar joint width: 

a. Bed joints:  3/32 IN in 10 FT. 

b. Head joints: 

1) Minus 1/8 IN. 

2) Plus 1/8 IN. 

F. Protect against weather when work is not in progress. 
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1. During inclement weather conditions, cover top of walls with translucent 
waterproof membrane. 

2. See Specification Section 04 05 50. 

G. Protect against cold/hot weather as specified in Specification Section 04 05 50. 

3.3 FIELD QUALITY CONTROL 

A. Bracing Concrete Masonry Walls During Construction: 

1. At a minimum, provide bracing in accordance with NCMA TEK 3-4B. 

2. Contractor is responsible for adequately bracing all masonry during 
construction. 

B. Remove and replace loose, stained, damaged and other unacceptable units as 
directed by Engineer. 

1. Provide new units to match. 

2. Install in fresh mortar. 

3. Point to eliminate evidence of replacement. 

C. Special Masonry Inspection: 

1. Masonry inspection services will be provided during the following 
construction activities: 

a. Cost of masonry inspection services will be paid by Owner. 

b. During laying of units: 

1) During the first day of the masonry construction, inspect proportions 
of site prepared mortar, construction of mortar joints, location of all 
reinforcing and connectors, size and location of structural elements, 
type, size and location of anchors, protection of masonry during cold 
weather. 

2) Inspection to be continuous the first full day of masonry construction 
which requires special inspection. 

a) Thereafter, a minimum of 3 HRS every third day of construction 
until the concrete masonry work is complete. 

3) Inspection while laying masonry units may be made concurrently with 
other inspection duties provided all inspection duties are adequately 
performed. 

4) When deficiencies are found, additional inspection shall be provided 
as required until deficiencies have been corrected. 

5) If masonry crews change, an additional full day of inspection is 
required during the first day the new crew is on-site. 

c. Placement of reinforcing steel: 

1) Verification of all reinforcing including size, grade, lap lengths, and 
type. 
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2) Inspection may be periodic as required to verify all reinforcing. 

3) Inspector to be present during the concrete pour in which any dowels 
connecting concrete to masonry are cast. 

a) Inspector to verify proper location of dowels. 

d. Prior to each grouting operation, verify that grout space is clean, 
reinforcing is clean and connectors are properly placed, proportions of 
site-prepared grout are correct and mortar joints have been properly 
constructed. 

1) Inspection may be periodic as required to verify proper grout space. 

e. Verify compliance with Building Code and Specifications continuously 
during all grouting operations. 

f. Provide special inspection in accordance with the MSJC Specification 
Level C Quality Assurance including observation of masonry work for 
conformance to the Contract Documents: 

1) Provide inspection reports to the Engineer, Building Official and 
Owner. 

a) Notify Contractor of discrepancies for correction. 

b) Notify Engineer, Building Official and Owner, in writing, when 
discrepancies have been satisfactorily corrected. 

2) Submit final signed report stating that work requiring special 
inspection was, to the best of the inspector's knowledge, in 
conformance to the Contract Documents and the applicable 
workmanship previsions of the Building Code. 

3.4 CLEANING 

A. Clean concrete masonry as the wall is being constructed using fiber brushes, 
wooden paddles and scrapers. 

1. Do not use metal tools or wire brushes. 

2. No acid-based cleaning solutions shall be used unless approved in writing 
by Engineer. 

B. Remove dirt and stains in accordance NCMA TEK 8-2A. 

C. Remove primary efflorescence in accordance with NCMA TEK 8-3A. 

END OF SECTION
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SECTION 05 12 00 

STRUCTURAL STEEL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Structural steel, including the fabrication and erection of support and bracing 
members, including connections. 

2. Connection detail design as required. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 15 19 - Anchorage to Concrete. 

4. Section 09 91 00 - Painting and Protective Coatings. 

5.  

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Institute of Steel Construction (AISC): 

a. 303, Code of Standard Practice for Steel Buildings and Bridges. 

b. 360, Specifications for Structural Steel Buildings. 

c. Quality Certification Program for Fabricators. 

2. American Society of Mechanical Engineers (ASME): 

a. B18.21.1, Washers:  Helical Spring-Lock, Tooth Lock, and Plain 
Washers (Inch Series). 

3. ASTM International (ASTM): 

a. A2, Standard Specification for Carbon Steel Girder Rails of Plain, 
Grooved, and Guard Types. 

b. A6/A6M, Standard Specification for General Requirements for Rolled 
Structural Steel Bars, Plates, Shapes, and Sheet Piling. 

c. A36/A36M, Standard Specification for Carbon Structural Steel. 

d. A53/A53M, Standard Specification for Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless. 

e. A108, Standard Specification for Steel Bar, Carbon and Alloy, Cold-
Finished. 

f. A123/A123M, Standard Specification for Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products. 
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g. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron 
and Steel Hardware. 

h. A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 
PSI Tensile Strength. 

i. A500/A500M, Standard Specification for Cold-Formed Welded and 
Seamless Carbon Steel Structural Tubing in Rounds and Shapes. 

j. A563, Standard Specification for Carbon and Alloy Steel Nuts. 

k. A992/A992M, Standard Specification for Structural Steel Shapes. 

l. A1064/A1064M, Standard Specification for Steel Wire and Welded Wire 
Reinforcement, Plain and Deformed, for Concrete. 

m. F436, Standard Specification for Hardened Steel Washers. 

n. F959, Standard Specification for Compressible-Washer-Type Direct 
Tension Indicators for Use with Structural Fasteners. 

o. F1554, Standard Specification for Anchor Bolts, Steel, 36, 55, and 105-
ksi Yield Strength. 

p. F3125, Standard Specification for High Strength Structural Bolts, Steel 
and Alloy Steel, Heat Treated, 120 ksi (830 MPa) and 150 ksi (1040 
MPa) Minimum Tensile Strength, Inch and Metric Dimensions. 

4. American Welding Society (AWS): 

a. A5.1/A5.1M, Specification for Carbon Steel Electrodes for Shielded Metal 
Arc Welding. 

b. A5.5/A5.5M, Specification for Low-Alloy Steel Electrodes for Shielded 
Metal Arc Welding. 

c. A5.17/A5.17M, Specification for Carbon Steel Electrodes and Fluxes for 
Submerged Arc Welding. 

d. A5.18/A5.18M, Specification for Carbon Steel Electrodes and Rods for 
Gas Shielded Arc Welding. 

e. A5.20/A5.20M, Specification for Carbon Steel Electrodes for Flux Cored 
Arc Welding. 

f. A5.23/A5.23M, Specification for Low-Alloy Steel Electrodes and Fluxes 
for Submerged Arc Welding. 

g. A5.28/A5.28M, Specification for Low-Alloy Steel Electrodes and Rods for 
Gas Shielded Arc Welding. 

h. A5.29/A5.29M, Specification for Low-Alloy Steel Electrodes for Flux 
Cored Arc Welding. 

i. D1.1/D1.1M, Structural Welding Code - Steel. 

1) Steel stud connectors and their installation to comply with 
requirements of AWS D1.1/D1.1M. 

5. National Institute of Steel Detailing (NISD). 

6. Research Council on Structural Connections (RCSC): 

a. Specification for Structural Joints Using High-Strength Bolts. 
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7. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

B. Qualifications: 

1. Steel fabricator: 

a. Minimum of 10 years experience in fabrication of structural steel and 
participate in the AISC Certification program and is designated an AISC 
Certified Plant, Category BU (formally known as STD), SBR at time of 
bid. 

b. Fabricator plant quality control and inspection program:  Meet 
requirements of the Building Code and/or be an Approved Fabricator. 

c. Plants that are not an Approved Fabricator may be acceptable, provided: 

1) Plant meets all remaining qualifications. 

2) Contractor reimburses the Owner the cost of required Special 
Inspection services. 

2. Steel erector: 

a. Minimum of 10 years of experience in erection of structural steel similar 
in the scope of this project or certified as CSE under the AISC Quality 
Certification Program. 

b. With an active and enforced quality assurance program in place, as 
described in the applicable Codes. 

3. Qualify welding procedures and welding operators in accordance with AWS. 

1.3 DEFINITIONS 

A. Owner:  May mean the Owner's Designated Representative for Construction as 
defined by the AISC 303. 

B. Galvanizing:  Hot-dipped galvanizing per ASTM A153/A153M and/or ASTM 
A123/A123M with minimum coating of 2.0 OZ of zinc per square foot of metal 
(average of specimens) unless noted otherwise or dictated by aforementioned 
standards. 

C. Approved Fabricator:  Approved by the Building Official to perform the Building 
Code required Special Inspections. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 
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b. Manufacturer's installation instructions. 

c. Detailed supplemental specification relating to load indicator washers or 
high-strength bolts. 

1) Alternate design for Engineer approval (submitted at Contractor's 
option if desired by Contractor for use). 

d. Source and certification of quality for high-strength bolts, nuts and 
washers. 

3. Fabrication and/or layout drawings: 

a. Prepare Shop Drawings under NISD Quality Procedures Program 
certification. 

b. Complete Shop Drawings for all of the work showing clearly all pieces, 
sizes, dimensions, details, connections materials and shop coatings. 

1) All Shop Drawings must be checked and signed "approved" before 
submittal. 

2) Show all cuts, copes, and holes. 

3) Indicate all shop and field bolts. 

4) Indicate all shop and field welds using AWS symbols. 

c. Prepare complete erection drawings showing the location and marks of 
all pieces. 

1) Copies of up-to-date erection drawings shall accompany the Shop 
Drawings. 

2) Use match marks on the erection drawings to indicate the sheet 
number on which each particular member is detailed. 

d. Correct any incorrect or unacceptable material or fabrication due to 
incorrect detailing, shop work, or erection, without additional charge. 

4. Certifications: 

a. Certificates of compliance with standards specified for all major 
components and fasteners incorporated into work. 

b. Copies of current welding certificates for each welder assigned to 
perform welding indicating compliance with testing specified by AWS. 

c. Welder qualification data and prequalified procedures. 

d. Special Inspections reports. 

e. Source Quality Control Documentation, including certificate of 
compliance stating that the work performed in the fabrication shop was 
done in accordance with the approved construction documents. 

1) Certification is required only if the fabricator is fabricator approved by 
the Building Official. 

5. Test reports: 

a. Certified copies of mill tests. 
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b. Manufacturer's load test and temperature sensitivity data for post-
installed anchor bolts. 

c. Test reports for all structural steel work. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Handle and store steel members above ground on skids or other supports. 

1. Keep free of dirt and other foreign material and protect against corrosion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. High-strength bolts: 

a. Portland Bolt and Manufacturing Company. 

b. Lewis Bolt & Nut Company. 

c. Nucor Fasteners. 

d. St. Louis Screw and Bolt Company. 

2. Load indicator washers for high-strength bolts: 

a. Portland Bolt and Manufacturing Company. 

b. Mid-South Bolt and Screw Co., Inc. 

c. J and M Turner, Inc. 

3. Alternate design high-strength bolts: 

a. T.  C.  Bolt Corporation. 

b. Construction Fastener Systems Division of Bristol Machine Company. 

c. LeJuene Bolt Co. 

4. Headed studs and deformed bar anchors: 

a. Nelson Stud Welding Division, TRW, Inc. 

b. Stud Welding Products, Inc. 

5. Mechanical anchor bolts: 

a. See Section 03 15 19. 

6. Adhesive anchors bolts: 

a. See Section 03 15 19 

7. Anchor bolt sleeves: 

a. Sinco/Wilson. 

8. Galvanizing repair paint: 

a. Clearco Products Co., Inc. 

b. ZRC Products. 



STRUCTURAL STEEL 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
STRUCTURAL STEEL 

05 12 00 - 6 OF 18 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Steel, Structural Shapes and Plate (unless noted otherwise on Drawings): 

1. All W-shapes and WT-shapes:  ASTM A992/A992M. 

2. All other plates, bars and rolled shapes:  ASTM A36/A36M. 

B. Pipe:  ASTM A53/A53M, Grade B (Type E or S) (Fy=35). 

C. Hollow Structural Sections (HSS): 

1. Round:  ASTM A500/A500M, Grade B (Fy=42). 

2. Square or rectangular:  ASTM A500/A500M, Grade B (Fy=46). 

D. High-Strength Bolts, Nuts and Washers: 

1. ASTM F3125, Grade A325 with ASTM A563 nuts galvanized: 

2. High-strength bolts: 

a. Provide two (2) ASTM F436 washers for all bolts galvanized. 

b. Provide beveled washers at connections of sloped/tapered sections. 

3. High-strength bolts with compressible washer type direct tension indicators 
(DTI), ASTM F959. 

a. Provide at Contractor's option and subject to approval of Engineer. 

4. Alternate high-strength design:  Provide at Contractor's option and subject to 
approval of Engineer. 

E. Bolts, Non-high Strength:  ASTM A307, Grade A. 

F. Threaded Rod:  ASTM F1554, Grade 36. 

G. Washers, Plain (for Non-high Strength Bolts):  ASME B18.22.1, Type B. 

H. Welding Electrodes: 

1. Shielded metal arc:  AWS A5.1/A5.1M or AWS A5.5/A5.5M, E70XX or 
E801X-X. 

2. Submerged arc:  AWS A5.17/A5.17M or AWS A5.23/A5.23M, F7XX-EXXX 
or F8XX-EXXX-XX. 

3. Gas metal arc:  AWS A5.18/A5.18M, E70S-X or E70U-1 or AWS 
A5.28/A5.28M, ER80S-XX, E80C-XXX. 

4. Flux cored arc:  AWS A5.20/A5.20M, E7XT-X (except 2, 3, 10, GS), AWS 
A5.29/A5.29M, E7XT-X or E8XTX-X, E8XTX-XM. 

I. Anchor Rods and Bolts: 

1. See Section 03 15 19. 

J. Headed Studs and Deformed Bar Anchors: 
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1. Headed studs: 

a. ASTM A108, complying with AWS D1.1/D1.1M, Section 7, Type B; 
minimum yield strength 50,000 PSI, minimum tensile strength 60,000 
PSI. 

b. Uniform diameter. 

c. Heads:  Concentric and normal to shaft. 

d. Weld end:  Chamfered and solid flux. 

2. Deformed bar anchor: 

a. ASTM A1064/A1064M, complying with AWS D1.1/D1.1M, Section 7, 
Type C. 

b. Minimum yield strength:  70,000 PSI. 

c. Minimum tensile strength:  80,000 PSI. 

d. Straight, unless indicated otherwise. 

e. Solid flux. 

3. After welding, remove ceramic ferrules and maintain free from any 
substance which would interfere with function, or prevent bonding to 
concrete. 

K. Nonshrink Grout:  See Specification Section 03 31 30. 

L. Crane Rails: 

1. Controlled-cooled, open-hearth carbon steel ASCE (American Society of 
Civil Engineers) rails per ASTM A2, Class A, #1 rails, unless noted 
otherwise, of size and weight indicated. 

a. Furnish rails with milled tight end joints suitable for crane service, with 
standard drilling, removable end stops and all related accessories 
required, including: 

1) Joint bars:  Match rail section and properties, drilled to match rail 
drilling. 

2) Joint bar bolts and nuts:  High strength. 

3) Hardened washer:  ASTM F436 for bar bolts. 

4) Except as indicated otherwise, two-bolt type fixed or floating rail 
clamps to suit the conditions, of forged or pressed steel, complete 
with Grade A325 bolts, reversible fillers, and self-locking nut or nut 
and lock washer. 

M. Mechanical and Adhesive Anchor Bolts for Fastening to Concrete: 

1. See Specification Section 03 15 19. 

N. Galvanizing Repair Paint: 

1. High zinc dust content paint for regalvanizing welds and abrasions. 

2. ASTM A780. 

3. Zinc content: Minimum 92 PCT in dry film. 
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4. ZRC "ZRC Cold Galvanizing" or Clearco "High Performance Zinc Spray." 

2.3 FABRICATION 

A. Comply with requirements of applicable Building Code and AISC 360 with 
modifications and additional requirements specified herein. 

1. Identify high-strength steel material in fabricated members in accordance 
with ASTM A6/A6M. 

B. Minimize the amount of field welding. 

1. Shop assemble components into largest size possible commensurate with 
transportation and handling limitations. 

2. Shop connections:  Bolted with high-strength bolts or welded. 

C. Connection Details: 

1. Provide as a minimum, two (2) 3/4 IN DIA, high-strength bolts for all bolted 
connections unless otherwise specified. 

D. Provide bearing type connections for all bolted connections, unless otherwise 
noted. 

E. Field Connections: 

1. Provide bolts for all field connections except where shown otherwise on the 
Drawings. 

2. Use high-strength bolts unless shown or specified otherwise. 

3. Use of high-strength bolts:  Conform to RCSC Specification for Structural 
Joints Using High-Strength Bolts. 

4. Unfinished bolts may be used for attaching stair treads to stringers. 

5. If structural steel details (field welds versus shop welds, etc.) shown on 
design Drawings are not compatible with selected erection procedures, 
submit proposed modifications for review. 

6. Connections to structural steel provided by others:  Provide all connectors 
and coordinate location of bolt holes to match connection holes in steel 
provided by others. 

F. Accurately mill column end bearing surfaces to true plane. 

G. Fabricate and erect beams with non-specified camber in accordance with AISC 
360, Chapter L1. 

H. Cut, drill, or punch holes at right angles to surface of metal. 

1. Do not make or enlarge holes by burning. 

2. Make holes clean cut, without torn or ragged edges. 

3. Remove outside burrs resulting from drilling or reaming operations with tool 
making 1/16 IN bevel. 
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4. Provide holes in members to permit connection of work of other trades or 
contractors. 

I. Make allowance for draw in all cross bracing to provide small amount of initial 
tension in members. 

J. Make splices only where indicated or where approved. 

K. Wall Girts: 

1. Extend past columns and miter ends unless noted otherwise. 

2. Connect girts to each other at corners unless noted otherwise. 

L. Cope at 45 DEG, corners of stiffener plates at junction of member flanges with 
webs. 

M. Flame cut bevels for welds, provided such cutting is done automatically. 

1. Leave free of burrs and slag by grinding or planing the cut edges. 

N. Grind smooth all rough welds and sharp steel edges shall be ground to 
approximately 1/8 IN radius. 

O. Tolerances (unless noted otherwise on Drawings): 

1. When material received from the mill does not satisfy ASTM A6/A6M 
tolerances for camber, profile, flatness or sweep, Contractor is permitted to 
perform corrective work by the use of controlled heating, and mechanical 
straightening, subject to the limitations of the AISC 360. 

2. Fabrication tolerance: 

a. Member length: 

1) Both ends finished for contact bearing:  1/32 IN. 

2) Framing members:  30 FT or less:  1/16 IN. Over 30 FT:  1/8 IN. 

b. Member straightness: 

1) Compression members:  1/1000 of axial length between points 
laterally supported. 

2) Non-compression members:  ASTM A6/A6M tolerance for wide 
flange shapes. 

c. Specified member camber (except compression members): 

1) 50 FT or less:  -0/+1/2 IN. 

2) Over 50 FT:  -0/+1/2 IN (plus 1/8 IN per 10 FT over 50 FT). 

3) Members received from mill with 75 PCT of specified camber require 
no further cambering. 

4) Fabricate beams/trusses without specified camber so after erection, 
camber is upward. 

5) Measure camber in fabrication shop in unstressed condition. 

d. Use filler plates at bolted splices to take up depth deviation. 

1) At welded joints, adjust weld profile to conform to variation in depth. 
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2) Slope weld surface per AWS requirements. 

e. Free finished members from twists, bends and open joints. 

1) Sharp kinks, bends and deviation from the above tolerances are 
cause for rejection of material. 

2.4 WELDING 

A. Comply with AWS D1.1/D1.1M, and other requirements indicated herein, for all 
welding, techniques of welding employed, appearance and quality of welds, and 
methods used to correct defective work. 

1. Qualify joint welding procedures or test in accordance with AWS 
qualification procedures. 

B. Test and qualify welders, welding operators and tackers in compliance with 
AWS D1.1/D1.1M for position and type of welding to which they will be 
assigned. 

1. Conduct tests in presence of approved testing agency. 

2. Certification within previous 12 months will be acceptable, provided samples 
of the welder's work are satisfactory. 

C. Before Starting Welding: 

1. Carefully plumb and align members in compliance with specified 
requirements. 

2. Fully tighten all bolts. 

3. Comply with AWS D1.1/D1.1M, Section 5 for assembly and surface 
preparation. 

4. Preheat base metal to temperature stated in AWS D1.1/D1.1M. 

a. When no preheat temperature is given in AWS D1.1/D1.1M and base 
metal is below 50 DEGF, preheat base metal to at least 70 DEGF. 

b. Maintain temperature during welding. 

c. Preheat surface of all base metal within distance from point of welding 
equal to thickness of thicker part being welded or 3 IN, whichever is 
greater, to specified preheat temperature. 

d. Maintain this temperature during welding. 

5. Mark welds with an identifying mark unique to each welder. 

D. Make flange welds before making web welds. 

E. Where groove welds have back-up plates, make first three (3) passes with 1/8 
IN round electrodes. 

1. Use backup plates in accordance with AWS D1.1/D1.1M, extending 
minimum of 1 IN either side of joint. 

F. Flame cut edges of stiffener plates at shop or field butt weld. 

1. Do not shear. 
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G. Grind flush web fillets at webs notched to receive backup plates for flange 
groove welds. 

H. Low Hydrogen Electrodes:  Dry and store electrodes in compliance with AWS 
D1.1/D1.1M. 

I. Do not perform welding when ambient temperature is lower than 0 DEGF or 
where surfaces are wet or exposed to rain, snow, or high wind, or when welders 
are exposed to inclement conditions. 

J. Headed Studs and Deformed Bar Anchors: 

1. Automatically end welded in accordance with the AWS D1.1/D1.1M and 
manufacturer's recommendations. 

2. Fillet welding of headed studs and deformed bar anchors is not allowed 
unless approved by Engineer. 

K. Test in-place studs in accordance with requirements of AWS D1.1/D1.1M to 
ensure satisfactory welding of studs to members. 

1. Replace studs failing this test. 

L. When headed stud-type shear connectors are to be applied, clean top surface 
of members to receive studs in shop to remove oil, scale, rust, dirt, and other 
materials injurious to satisfactory welding. 

1. Do not shop paint or galvanize metal surfaces to receive field applied studs. 

2.5 SHOP COATING 

A. All structural steel shall be hot-dipped galvanized prior to receiving shop 
coatings. Refer to Specification Section 09 91 10 for specified coatings. 

B. Refer to Specification Section 09 91 00 and coordinate shop primer, surface 
preparation and coating with field applied primers and coatings where specified. 

C. Provide suitable methods of handling and transporting painted steel to avoid 
damage to coating. 

D. Do not coat following surfaces: 

1. Machined surfaces, surfaces adjacent to field welds, and surfaces fully 
embedded in concrete. 

2. All other members for which no coating is specified. 

3. Contact surfaces at bolted slip-critical connections, unless surface condition 
conforms to the RCSC Specification for Structural Joints Using High-
Strength Bolts, Part 3.2.2. 

E. Clean thoroughly all surfaces not coated before shipping. 

1. Remove loose mill scale, rust, dirt, oil and grease. 

2. Protect machined surfaces. 
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2.6 SOURCE QUALITY CONTROL 

A. Special Inspection and Testing: 

1. See Specification Section 01 45 33. 

2. If the fabricator is not an Approved Fabricator, Owner will employ the 
services of an independent testing agency to inspect and test structural steel 
shop work for compliance with Specifications. 

a. Contractor provides sufficient notification and access so inspection and 
testing can be accomplished. 

3. Contractor responsible for testing to qualify shop  welders and as needed for 
Contractor's own quality control to ensure compliance with Contract 
Documents. 

B. Approved Fabricator or Testing Agency Responsibilities: 

1. Inspect shop and field welding in accordance with AWS D1.1/D1.1M, 
Section 6 including the following non-destructive testing: 

a. Visually inspect all welds. 

b. In addition to visual inspection, test 50 PCT of full penetration welds and 
20 PCT of fillet welds with liquid dye penetrant. 

c. Test 20 PCT of liquid dye penetrant tested full penetration welds with 
ultrasonic or radiographic testing. 

2. Inspect high-strength bolting in accordance with the RCSC Specification for 
Structural Joints Using High-Strength Bolts, Section 9. 

a. Verify proper pretension for slip-critical bolted connection only. 

b. Verify direct tension indicator gaps for slip-critical bolted connection only. 

3. Inspect stud welding in accordance with AWS D1.1/D1.1M, Section 7.8. 

4. Prepare and submit inspection and test reports to Engineer. 

2.7 GENERAL 

A. Contractor is solely responsible for safety. 

1. Construction means and methods and sequencing of work is the prerogative 
of the Contractor. 

2. Take into consideration that full structural capacity of many structural 
members is not realized until structural assembly is complete; e.g., until 
slabs, decks, bracing or rigid connections are installed. 

3. Partially complete structural members shall not be loaded without an 
investigation by the Contractor. 

4. Until all elements of the permanent structure and lateral bracing system are 
complete, provide temporary bracing designed, furnished, and installed by 
the Contractor for the partially complete structure. 
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B. Adequate temporary bracing to provide safety, stability and to resist all loads to 
which the partially complete structure may be subjected, including wind, 
construction activities, and operation of equipment, is the responsibility of the 
Contractor. 

1. Use temporary guys, braces, shoring, connections, etc., necessary to 
maintain the structural framing plumb and in proper alignment until 
permanent connections are made, the succeeding work is in place, and 
temporary work is no longer necessary. 

2. Use temporary guys, bracing, shoring, and other work to prevent injury or 
damage to adjacent work or construction from stresses due to erection 
procedures and operation of erection equipment, construction loads, and 
wind. 

3. Design of the temporary bracing system and consideration of the sequence 
and schedule of placement of such elements and effects of loads imposed 
on the structural steel members by partially or completely installed work, 
including work of all other trades, is the Contractor's responsibility. 

a. If not obvious from experience or from the Drawings, confer with the 
Engineer to identify those structural steel elements that must be 
complete before the temporary bracing system is removed. 

4. Remove and dispose of all temporary work and facilities off-site. 

C. Examine work-in-place on which specified work is in any way dependent to 
ensure that conditions are satisfactory for the installation of the work. 

1. Report defects in work-in-place which may influence satisfactory completion 
of the work. 

2. Absence of such notification will be construed as acceptance of work-in-
place. 

D. Field Measurement: 

1. Take field measurements as necessary to verify or supplement dimensions 
indicated on the Drawings. 

2. Contractor is responsible for the accurate fit of the work. 

E. Check the elevations of all finished footings or foundations and the location and 
alignment of all anchor bolts before starting erection. 

1. Notify Engineer of any errors or deviations found by such checking. 

PART 3 - EXECUTION 

3.1 ERECTION 

A. Framing member location tolerances after erection shall not exceed the framing 
tolerances listed in the FIELD QUALITY CONTROL Article in PART 3 of this 
Specification Section. 
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B. Erect plumb and level; introduce temporary bracing required to support erection 
loads. 

C. Use light drifting necessary to draw holes together. 

1. Drifting to match unfair holes is not allowed. 

D. Welding: 

1. Conform to AWS D1.1/D1/1M and requirements of this Specification 
Section. 

2. Join two (2) sections of steel of different ASTM designations using welding 
techniques in accordance with a qualified AWS D1.1/D1.1M procedure. 

E. Shore existing members when unbolting of common connections is required. 

1. Use new bolts for rebolting connections. 

F. Clean stored material of all foreign matter accumulated during erection period. 

G. Clean bearing and contact surfaces before assembly. 

H. Set beam and column base and bearing plates accurately, as indicated, on 
nonshrink grout. 

1. Set and anchor each base plate to proper line and elevation. 

2. Use metal wedges, shims or setting nuts as required and tighten anchor 
bolts. 

a. Use same metal as base plate. 

b. Cut off protrusions of wedges and shims flush with edge of base plate. 

3. Fill sleeves around anchor bolts with nonshrink grout. 

4. Pack grout solidly between bottom of plate and bearing surface. 

5. Refer to Specification Section 03 31 30 for nonshrink grout requirements. 

I. Cast-in-place Anchor Bolts: 

1. See Specification Section 03 15 19. 

J. Install high strength bolts with hardened washers. 

1. Install and tighten in accordance with the RCSC Specification for Structural 
Joints Using High-Strength Bolts, Section 8. 

2. Coordinate installation with inspection. 

a. Do not start installation until coordination with Testing Agency is 
complete. 

3. Bearing-type connections:  High-strength bolts shall be tightened to snug-
tight condition. 

4. Slip-critical connections: 
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a. Perform calibration testing for all methods of installation of high-strength 
bolts in accordance with RCSC Specification for Structural Joints Using 
High-Strength Bolts, Section 8.2. 

b. Turn-of-nut tightening: 

1) Inspector shall observe the pre-installation verification testing. 

2) Subsequently, ensure by routine observation that the bolting crew 
properly rotates the turned element relative to the unturned element 
by the amount specified. 

3) Alternatively, when fastener assemblies are match-marked after the 
initial fitup of the joint but prior to pretensioning, visual inspection after 
pretensioning is permitted in lieu of routine observation.  

c. Calibrated wrench tightening:  Calibrate on a daily basis. 

d. Direct tension indicator tightening:  If previously approved by Engineer. 

e. Installation of alternate design bolts:  If previously approved by Engineer. 

5. In the event any bolt in a connection is found to be defective, check and 
retighten all bolts in the connection. 

K. Do not use gas cutting to correct fabrication errors. 

1. In case members do not fit or holes do not match, ream out the holes and 
insert the next larger size bolt. 

a. Drill new holes if the connections require new holes. 

b. Make no such corrections without prior approval of the Engineer. 

2. Burning of holes is not permitted. 

L. Prior to making field connections to existing structural steel, remove completely 
all paint from existing steel which will be in contact with new steel and new 
welds. 

M. Tighten and leave in place erection bolts used in welded construction. 

N. Provide beveled washers to give full bearing to bolt head or nut where bolts are 
to be used on surfaces having slopes greater than 1 IN 20 with a plane normal 
to bolt axis. 

O. After bolts are tightened, upset threads of non-high strength bolts and anchor 
bolts to prevent nuts from backing off. 

P. Crane Runways: 

1. Erect crane runways complete with columns, beams, girders, bracing, crane 
rails, crane stops, and other required components as indicated. 

2. Stagger crane rail joints with respect to each other on opposite sides of the 
runway and do not coincide with crane girder joints. 



STRUCTURAL STEEL 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
STRUCTURAL STEEL 

05 12 00 - 16 OF 18 

3. Center crane rails on top of crane girders and secure to girders with tight 
clamps and/or floating clamps as appropriate; provide clamps in pairs 
spaced not over 3 FT OC along rail length, with each clamp secured with 
two (2) high-strength bolts and self-locking nuts (or nuts and lock washers), 
with reversible fillers used at each clamp to allow for alignment. 

a. Do not use hook bolt type clamps. 

4. Tolerances: 

a. Center-to-center of crane rails:  Not exceed plus or minus 1/4 IN from 
indicated dimension. 

b. Crane rail horizontal misalignment:  Not exceed 1/4 IN per 50 FT of 
runway with a maximum of 1/2 IN total deviation. 

c. Vertical misalignment between crane rails and along a crane rail 
measured at centerlines of columns:  Not to exceed 1/4 IN per 50 FT of 
runway with a maximum of 1/2 IN total deviation. 

5. Tight-fitting joints between rail sections and install so top of crane rails are 
flush at all joints. 

6. Secure the joints with joint bars on each side of rail, bolted together through 
rail with high-strength bolts, nuts and spring washers. 

Q. After Erection: 

1. Grind smooth all sharp surface irregularities resulting from field cutting or 
welding. 

2. Power tool clean welds, bolts, washers and abrasions to shop coat removing 
all rust and foreign matter. 

R. Mechanical Anchor Bolts and Adhesive Anchor Bolts: 

1. See Specification Section 03 15 19. 

3.2 FIELD QUALITY CONTROL 

A. Special Inspection and Testing: 

1. See Specification Section 01 45 33. 

B. Erected Framing Tolerance, unless noted otherwise on the Drawings: 

1. Do not exceed cumulative effect of rolling, fabrication and erection tolerance 
for overall finished dimensions. 

2. Erection tolerances are defined relative to member working points and 
working lines as follows: 

a. Actual centerline of top flange or surface at each end for horizontal 
members. 

b. Actual center of member at each end for all other members. 

c. Other points may be used, providing they are based on these definitions. 

d. Working line is straight line connecting member working points. 
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3. Tolerances on position and alignment are as specified in the Code, unless 
otherwise modified. 

a. Provide "adjustable items" such as lintels, wall supports, curb angles, 
window mullions and similar members with adjustable connections to 
supporting structural framing. 

4. Certification by steel erector: 

a. Certify the location of erected structural steel is acceptable for 
plumbness, level and aligned within tolerances specified. 

b. Provide certification upon completion of any part of work. 

c. Provide certification prior to start of work by other trades that may be 
supported; attach to structural steel work. 

3.3 CLEANING AND REPAIR OF SHOP PRIMER PAINT AND GALVANIZING 

A. After erection, clean all steel of mud or other foreign materials, and repair any 
damage. 

1. Touchup coatings to comply with Specification Section 09 91 10. 

2. Repair galvanized surfaces in accordance with ASTM A780. 

a. Prepare damaged surfaces by abrasive blasting or power sanding. 

b. Apply galvanizing repair paint to minimum 6 mils DFT in accordance with 
manufacturer's instructions. 

END OF SECTION
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SECTION 05 21 00 

STEEL JOISTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Manufactured open-web steel joists and joist accessories. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 01 45 33 - Special Inspections and Testing Program. 

4. Section 05 12 00 - Structural Steel. 

5. Section 05 30 00 - Metal Deck. 

6. Section 09 91 00 - Painting and Protective Coatings. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Institute of Steel Construction (AISC): 

a. 360, Specifications for Structural Steel Buildings (referred to herein as 
AISC Specification). 

2. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 
PSI Tensile Strength. 

c. A563, Standard Specification for Carbon and Alloy Steel Nuts. 

d. F436, Standard Specification for Hardened Steel Washers Inch and 
Metric Dimensions. 

e. F3125, Standard Specification for High Strength Structural Bolts, Steel 
and Alloy Steel, Heat Treated, 120 ksi (830 MPa) and 150 ksi (1040 
MPa) Minimum Tensile Strength, Inch and Metric Dimensions. 

3. American Welding Society (AWS): 

a. D1.1, Structural Welding Code - Steel. 

4. Corps of Engineers (COE): 

a. CRD-C621, Standard Specification for Packaged, Dry, Hydraulic-Cement 
Grout (Nonshrink). 

5. Steel Joist Institute (SJI): 
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a. Recommended Code of Standard Practice for Steel Joists and Joist 
Girders. 

b. Standard Specification for Open Web Steel Joists, K-Series (ANSI SJI-K-
1.1). 

c. Standard Specification for Longspan Steel Joists LH-Series and Deep 
Longspan Steel Joists DLH-Series (ANSI SJI-LH-DLH-1.1). 

d. Standard Specification for Joist Girders (ANSI SJI-JG-1.1). 

e. Standard Specifications Load Tables and Weight Tables for Steel Joists 
and Joist Girders: 

1) Standard Load Table Open Web Steel Joists, K-Series. 

2) Standard Load Table Longspan Steel Joists, LH-Series. 

3) Standard Load Table Deep Longspan Steel Joists, DLH-Series. 

6. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

B. Qualifications: 

1. Manufacturer:  Member of SJI. 

a. Structural design calculations and details of manufactured joists shall be 
prepared by a qualified professional engineer retained by the 
manufacturer and registered in the state where the project is located. 

2. Qualification of welding work: 

a. Qualify welding processes, operations, and operators in accordance with 
requirements of AWS D1.1. 

b. Welding operators to have been qualified during the 12-month period 
prior to commencement of welding. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Fabrication and/or layout drawings, signed by a professional engineer: 

a. Detailed Shop Drawings showing size and layout of each joist unit, 
bridging, connections, and accessories.  Include mark, number, type, 
location, and spacing of joists and bridging. 

b. Show joining splice and connection to other work details. 

c. Provide templates or location drawings for installation of anchor bolts. 

d. Provide details of bridging, method of attachment to joists, and joist end 
anchorage and other details required for joist installation.  Indicate 
beveled end plates for joist roof pitch where required. 
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e. Show shop-applied coatings. 

f. Shop Drawings shall not be reproductions of the Contract Drawings. 

3. Product technical data including: 

a. Joist manufacturer's load tables, Standard Specifications and installation 
instructions for each type of joist and its accessories.  Include product 
data describing materials, shop coating, bridging, and accessories. 

4. Certifications: 

a. Manufacturer's certification that steel joists and accessories comply with 
specified requirements. 

b. Manufacturer member of SJI. 

c. Joist material, shop welding and testing, manufacturing and shop 
inspection and testing are in accordance with SJI requirements. 

d. Capability of joists per Paragraph 2.3A and D. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store and handle steel joists as recommended by SJI. 

1. Exercise care to avoid damage to joists. 

B. Store joists clear of soil on platforms, skids or other durable supports. 

1. Protect joists after delivery to prevent rust and deterioration. 

C. Provide anchor bolts and other items to be embedded in concrete or masonry, 
with templates as required, in time for incorporation into the work. 

PART 2 - PRODUCTS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Nucor Corporation Vulcraft Divisions. 

2. CANAM Steel Corporation. 

3. Socar Incorporated. 

2.2 MATERIALS 

A. Steel:  Comply with SJI and AISC Specifications for joist series indicated. 

B. High-Strength Bolts, Nuts and Washers:   

1. Bolts:  ASTM F3125, Grade A325 as required, heavy hexagon structural 
bolts. 

2. Nuts:  ASTM A563. 

3. Washers (hardened):  ASTM F436. 

C. Bolts and Nuts, Unfinished:  ASTM A307, Grade A, regular hexagon type, low 
carbon steel, with carbon steel washers. 
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2.3 STEEL JOISTS 

A. Design of steel joists proposed shall have been checked by the SJI and found 
to conform to the standard specifications and load tables. 

B. Design and fabricate joists and accessories in accordance with SJI 
Specifications and as follows: 

1. Make shop connections and splices using either arc or resistance welding. 

a. Do not shop bolt connections. 

2. Design and fabricate for maximum deflection of 1/360 of clear span under 
design live load. 

3. Shop holes, field holes, and enlargement of holes will not be permitted 
unless approved by Engineer. 

4. Fabricate bearing ends to provide following minimum bearing unless a 
longer bearing length is indicated on the Contract Documents. 

 

 K SERIES 
LH AND DLH 

SERIES 
JOIST 

GIRDERS 

On masonry or concrete: 4 IN min 6 IN min 6 IN min 

On steel: 2-1/2 IN min 4 IN min 4 IN min 

 

5. With steel angle tops and bottom chord members. 

6. Design connections to resist uplift loads per Building Code, unless otherwise 
specified. 

C. Sloped joists shall have bearing ends that are flush to supporting element. 

D. Provide extended bottom chords where indicated. 

1. Comply with SJI and AISC requirements and load tables. 

E. Provide extended top chords where indicated. 

1. Comply with SJI and AISC requirements and load tables. 

F. Provide ceiling extensions in areas having ceilings attached directly to joist 
bottom chord. 

1. Provide either an extended bottom chord or a separate unit of sufficient 
strength to support ceiling construction. 

2. Extend ends to within 1/2 IN of wall surface. 

G. Provide nailers bolted to top chord where indicated. 

H. Prepare and paint steel joists at the high service pump station and accessories 
in compliance with Section 09 91 00.  All steel joists shall be hot-dipped 
galvanized prior to receiving coatings. Refer to Specification Section 05 12 00. 

I. Comply with SJI Specifications: 
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1. Joist designations indicated on the Drawing are minimum requirements; 
increase as required to comply with design requirements specified. 

2. Wherever possible, increased joists shall have the same depth as joist 
indicated on Drawings. 

3. Where necessary to increase joist depths to meet design requirements, 
coordinate all project changes required due to the increased depth. 

4. Make all required joist revisions at no additional cost to Owner. 

2.4 SOURCE QUALITY CONTROL 

A. Engineer reserves right to inspect joists or manufacturer's shop during joist 
fabrication. 

B. Identify each joist type, size and manufacturer. 

1. Provide tagging or other suitable (permanent) means. 

2. Maintain identification continuously. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Examine areas and conditions under which steel joists are to be installed for 
conditions detrimental to proper and timely completion of work. 

B. Do not proceed with work until unsatisfactory conditions have been corrected. 

C. Do not start placement of steel joists until supporting work is in place and 
secured. 

D. Joists will be subject to rejection if: 

1. Joists do not comply with requirements of SJI and AISC Specifications and 
requirements herein. 

2. Joists are improperly manufactured, welded, painted or installed. 

3. Joists are damaged so that strength is impaired. 

4. Joists are not installed as indicated on Drawings. 

5. Chords are not installed straight within a tolerance of plus or minus 0.0028 
times the length of the joist or the distance between points of lateral support. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

1. Where not specifically indicated otherwise, place and secure steel joists in 
accordance with SJI and AISC Specifications and as herein specified. 

B. Splice any joist delivered to the site in more than one piece. 

C. Do not overload joists. 
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1. Note:  Joists may not be stable or able to carry design loads until bridging 
and deck is fully installed. 

2. Contractor is solely responsible for safety, construction methods and 
sequencing of the Work. 

3. Do not install joists damaged so that strength is impaired. 

D. Place joists on supporting work, adjust and align in accurate location and 
spacing before permanently fastening. 

1. Provide end bearing and anchorages to secure all joists to supporting 
members or walls in accordance with SJI Specifications, unless otherwise 
indicated. 

2. When joists are misfabricated and do not bear flush on supporting member 
or wall, take corrective measures to ensure full bearing. 

a. Provide steel shims as required for uniform flush bearing. 

E. Field weld joists to supporting steel framework in accordance with SJI, AISC 
and AWS Specifications for type of joists used. 

1. Coordinate welding sequence and procedure with placing of joists. 

2. Observe any special welding requirements on erection drawings. 

F. Provide type, size, spacing, and attachment of bridging in accord with SJI and 
AISC Specifications, where not specifically indicated otherwise, except as 
modified herein. 

1. Clearly specify bridging on erection drawings. 

2. Provide diagonal type bridging unless otherwise noted. 

3. Do not use sag rods as substitute for bridging. 

G. Install bridging completely, immediately after erection, and before any loads are 
applied. 

1. Anchor ends of bridging lines at top and bottom chords of each joist and 
where terminating at walls or beams. 

2. Provide bridging connections at top and bottom chords capable of safely 
resisting a force specified by SJI Specifications for open web, long span, 
deep long span joists, and joist girders respectively. 

3. Where five rows of bridging are required in spans over 40 FT, laterally brace 
each joist before erecting next joist or applying loads. 

4. Do not release hoisting cables before installing center row of diagonal 
bridging and anchoring bridging line to prevent lateral movement. 

5. During construction period, Contractor is responsible for any loads placed 
on joists. 
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a. Contractor's attention is directed the fact that joists may be unstable and 
cannot carry their design load until steel deck and bridging are 
completely installed. 

H. Remove or repair damaged joists or other work, to satisfaction of Engineer at 
no additional expense to Owner. 

I. After installation, touch up paint or field paint as specified in Section 09 91 00. 

3.3 FIELD QUALITY CONTROL 

A. Special Inspection and Testing: 

1. See Section 01 45 33. 

2. Special Inspection is required for: 

a. Visually inspect joists, bridging, anchorages, and connections which 
have been erected. 

b. Inspect high-strength bolting in accordance with the RCSC Specification 
for Structural Joints Using High-Strength Bolts, Section 9. 

1) Verify direct tension indicator gaps. 

END OF SECTION
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SECTION 05 30 00 

METAL DECK 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Manufactured metal roof deck. 

2. Manufactured metal form deck. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 05 21 00 - Steel Joists. 

4. Section 09 91 00 - Painting and Protective Coatings. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Iron and Steel Institute (AISI): 

a. S100, Specification for the Design of Cold-Formed Steel Structural 
Members. 

2. ASTM International (ASTM): 

a. A36/A36M, Standard Specification for Carbon Structural Steel. 

b. A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated 
(Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip 
Process. 

c. A780/A780M, Standard Practice for Repair of Damaged and Uncoated 
Areas of Hot-Dip Galvanized Coatings. 

d. A1008/A1008M, Standard Specification for Steel, Sheet, Cold-Rolled, 
Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy 
with Improved Formability, Solution Hardened, and Bake Hardenable. 

e. C1513, Standard Specification for Steel Tapping Screws for Cold 
Formed Steel Framing Connections. 

f. D746, Standard Test Method for Brittleness Temperature of Plastics and 
Elastomers by Impact. 

g. D1056, Standard Specification for Flexible Cellular Materials-Sponge or 
Expanded Rubber. 

3. American Welding Society (AWS): 

a. D1.1/D1.1M, Structural Welding Code - Steel. 

b. D1.3/D1.3M, Structural Welding Code - Sheet Steel. 
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4. Steel Deck Institute (SDI): 

a. 31, Design Manual for Composite Decks, Form Decks and Roof Decks. 

5. Underwriters Laboratories, Inc. (UL): 

a. Fire Resistance Directory. 

B. Qualifications: 

1. Manufacturer: 

a. Member of SDI. 

b. Structural design of manufactured deck shall be prepared by a qualified 
professional engineer retained by the manufacturer. 

2. Welding work: 

a. Qualify welding processes, operations, and operators in accordance with 
requirements of AWS D1.1 and AWS D1.3. 

b. Welding operators to have been qualified during the 12 month period 
prior to commencement of welding, and be experienced in welding light 
gage metal. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Fabrication and/or layout drawings: 

a. Detailed Shop Drawings showing the following: 

1) Complete framing and erection layouts. 

2) Location, length, type, cross section, thickness, and markings of 
metal deck units. 

a) Size and location of openings. 

b) Accessories and reinforcing. 

3) Sequence and procedure to be followed for erecting, fastening, and 
securing the deck units. 

4) Shop applied coatings. 

5) Location of required shoring for form decks. 

6) Details and gages of accessories and miscellaneous items showing 
sump pans, cant strips, ridge and valley plates, closure and filler 
strips and insulation supports. 

7) Welding procedures for installation including size, number, type and 
location of all welds required to install deck units. 

8) Recommended welding rod size, type, burn off rate and welder 
setting for deck thickness to be joined. 

a) Define welds by use of standard AWS welding symbols. 
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9) Correct fitting of members and accessories. 

10) Size and location of all openings in deck and all conditions requiring 
closure panels and supplementary framing. 

11) Shop Drawings shall not be reproductions of the Contract Drawings. 

3. Product technical data including: 

a. Metal deck manufacturer's specifications and installation instructions. 

b. Manufacturer's specifications and installation instructions for: 

1) Welds and welding procedure. 

2) Galvanizing repair paint. 

3) Screws. 

4) Joint sealing compound. 

c. Manufacturer's load tables for deck to be furnished on this project, 
including: 

1) Allowable gravity load for metal roof deck. 

2) Allowable diaphragm shear values for metal roof deck. 

3) Allowable superimposed load for metal deck. 

4) Allowable unshored span lengths for composite and form deck. 

4. Manufacturers certification that metal deck complies with specified 
requirements: 

a. Manufacturer member of SDI. 

b. Deck material, manufacturing, and shop testing and inspection are in 
accordance with SDI requirements. 

c. Welder qualifications. 

5. Test reports. 

a. Manufacturer’s certified test reports. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and handle metal deck as recommended by SDI. 

1. Exercise care to avoid damage to deck. 

B. Protect materials from rusting, denting or crushing. 

1. Store metal deck on project site off the ground with one end elevated to 
provide drainage and protected from the elements with a waterproof 
covering, ventilated to avoid condensation. 

2. Prevent rust, deterioration and accumulation of foreign material. 

1.5 PROJECT CONDITIONS 

A. Do not overload supporting members. 

1. Until the entire assembly is complete, the structural elements may not be 
stable or capable of supporting code or stated design loads. 



METAL DECK 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
METAL DECK 

05 30 00 - 4 OF 12 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. 1-1/2 IN and 3 IN deep metal roof deck: 

a. Vulcraft. 

b. Verco Decking, Inc. 

c. New Millennium Building Systems. 

d. Consolidated Systems, Inc. 

e. DACS, Inc. 

2. 1-1/2 IN deep form (non-composite) floor deck: 

a. Vulcraft. 

b. New Millennium Building Systems. 

c. Consolidated Systems, Inc. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 METAL ROOF DECK 

A. Design of the metal deck to be supplied to have been checked by SDI and 
found to conform to the standard specifications and load tables. 

1. The allowable superimposed live uniform loading per square foot for metal 
roof deck supplied for the spans indicated shall equal or exceed the 
allowable superimposed live uniform load per square foot for the same 
spans as indicated in the SDI latest tables. 

2. Maximum deflection:  Less than 1/240 of span under live load. 

B. Use deck configurations complying with SDI 31and as indicated. 

1. Painted deck:  ASTM A1008. 

2. Galvanized deck:  ASTM A653 G90 zinc coating. 

C. Metal Roof Deck, 1-1/2 IN Deep: 

1. Rib type B, sheet steel, 20GA, minimum, with minimum uncoated thickness 
of 0.0358IN, galvanized. 

2. Wide rib deck:  Ribs spaced approximately 6 IN OC; width of rib opening at 
top surface maximum 2-1/2 IN; width of bottom rib surface minimum 1-3/4 
IN. 

D. Metal Roof Deck, 3 IN Deep: 

1. Rib type N, sheet steel, 20GA, minimum, with minimum uncoated thickness 
of 0.0358IN, galvanized. 
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2. Deep rib deck:  Depth 3 IN, ribs spaced approximately 8 IN OC; width of rib 
opening at top surface maximum 2-3/4 IN; width of bottom rib surface 
minimum 1-1/2 IN. 

2.3 FABRICATION 

A. Standard Deck Profiles: 

 

DEPTH TYPE 
RIB 

SPACING 

TOP SURFACE 
MAXIMUM RIB 

OPENING 

MINIMUM 
BOTTOM OF RIB 

WIDTH 

1-1/2 IN Roof Deck - Wide Rib ('B') 6 IN 2-1/2IN 1-3/4 IN 

3 IN Roof Deck ('N') 8 IN 2-3/4 IN 1-1/2 IN 

1-1/2 IN Form Deck ('C') 6 IN 1-3/4 IN 2-1/2 IN (max) 

 

B. Minimum Deck Thickness: 

1. Where gage of metal is indicated, provide the minimum uncoated thickness 
as specified by SDI. 

a. Delivered thickness of the uncoated steel:  No less than 95 PCT of the 
design thickness. 

2. Use steel with a minimum yield stress of 33 ksi. 

C. Fabrication: 

1. Fabricate deck units in lengths to span three or more support spacings with 
flush, telescoped or nested 2 IN minimum end laps. 

a. End laps shall occur on supporting members. 

b. Provide deck units having overlapping male and female type side laps or 
joints to provide positive vertical and lateral alignment of adjacent deck 
units. 

2.4 ACCESSORIES 

A. Metal Closures: 

1. Form to configuration required to provide tight-fitting closures at open ends 
and sides of deck. 

2. Minimum thickness before galvanizing:  0.0358 IN (20 GA). 

B. Ridge and Valley Plates: 

1. Minimum width:  4-1/2 IN. 

2. Bend to provide tight-fitting closure with deck units. 

3. Provide plates in 10 FT length where possible. 

4. Minimum thickness before galvanizing:  0.0358 IN (20 GA). 

C. Welding Washers: 

1. 16 GA bent steel plate with 3/8 IN center hole. 
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2. Use at all deck units thinner than 20 GA. 

D. Filler Sheet:  Flat or formed 20 GA galvanized steel. 

E. Roof Sump Pans: 

1. Fabricate from a single piece of galvanized sheet steel with level bottoms 
and sloping sides to direct water flow to drain. 

2. Provide sump pans of adequate size to receive roof drains with bearing 
flanges minimum 3 IN wide. 

3. Recess pans not less than 1-1/2 IN below roof deck surface, unless 
otherwise indicated or required by deck configuration. 

4. Minimum thickness before galvanizing:  0.0747 IN (14 GA). 

F. Cant Strips: 

1. Bend cant strips to form 45 degree slope not less than 5 IN wide, with top 
and bottom flanges not less than 3 IN wide. 

2. Minimum thickness before galvanizing:  0.0358 IN (20 GA). 

G. Insulation supports. 

H. Venting:  Slotted openings in bottom flutes in accordance with manufacturer's 
standards. 

I. Metal Pour Stops:  Form to configuration required to provide mortar-tight 
closures at open sides and ends of deck. 

J. Primer Paint:  Deck manufacturer's baked on, rust-inhibitive paint applied at 
plant to chemically cleaned and phosphate chemically treated metal surfaces. 
Not for galvanized material. 

K. Galvanized coating for metal deck accessories:  Conform to ASTM A653 G90 
zinc coating. 

L. Galvanized Repair Paint:  See Specification Section  09 91 10. 

M. Screws: 

1. Self-drilling, self-tapping, #12 size minimum, hex washer head sheet metal 
screws. 

2. Carbon steel by Hilti. 

a. Organic zinc chromate coated, Hilti Kwik Flex. 

b. ASTM C1513. 

N. Powder Actuated Mechanical Fasteners: 

1. Material:  AISI 1070 modified. 

2. Hardness:  Minimum Rockwell Hardness C 54.5. 

3. Strength:  Minimum tensile strength 285 ksi; minimum shear strength 175 
ksi. 
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4. Design and Manufacture:  Knurled shank with forged ballistic point.  
Manufacturing process shall ensure steel ductility and prevent development 
of hydrogen embrittlement. 

5. Washers: 

a. For steel bar joist framing:  Minimum 12 MM (0.472 IN) steel washers. 

b. For structural steel framing:  Minimum 15 MM (0.591 IN) steel washers. 

6. Corrosion Resistance: 

a. For steel roof decks with waterproofing membrane:  5 micron zinc 
electroplated in accordance with ASTM B633 SC1 Type III. 

b. For exposed steel roof decks:  Minimum AISI 304 stainless steel sealing 
caps with bonded neoprene washer shall be installed over each fastener. 

7. Design Requirements: 

a. ICC-ES AC43 or SDI method for diaphragm shear strength and stiffness. 

b. FM wind uplift resistance. 

c. UL fire classification. 

8. Approved Types: 

a. For use with steel bar joist and light structural steel framing supports with 
top chord or flange thickness 1/8 IN to 3/8 IN: 

1) Hilti X-HSN24 (1/8 IN up to and including 3/8 IN) 

2) Other approved alternative 

b. For use with structural steel framing supports with top flange thickness 
1/4 IN or thicker: 

1) Hilti X-ENP-19 L15 (1/4 IN or thicker). 

2) Other approved alternative. 

O. Miscellaneous Steel Shapes:  Comply with ASTM A36. 

P. Sheet Metal Accessories:  Same material and finish as deck members. 

Q. Flexible Closure Strips for Deck: 

1. Vulcanized, closed cell expanded chloroprene elastomer, complying with 
ASTM D1056, Grade SCE 41. 

2. Brittleness temperature:  -40 DEGF, ASTM D746. 

3. Flammability resistance:  Self-extinguishing. 

4. Install with adhesive in accordance with manufacturer's instructions. 

a. Ensure complete closure. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. Examine areas and conditions under which metal deck is to be installed for 
conditions detrimental to proper and timely completion of work. 

B. Do not proceed with work until unsatisfactory conditions have been corrected. 

C. Do not start placement of metal deck until supporting work is in place and 
secured. 

D. Deck will be subject to rejection if metal deck: 

1. Units do not comply with requirements of SDI specifications and 
requirements herein. 

2. Is improperly manufactured, painted or installed. 

3. Is damaged so that strength is impaired. 

4. Is not installed as specified. 

3.2 INSTALLATION 

A. Install roof deck units and accessories as indicated, in accordance with SDI 31, 
manufacturer's recommendations, final approved Shop Drawings and as 
specified herein. 

1. Furnish manufacturer's standard accessories as needed to complete the 
deck installation. 

B. Locate deck bundles to prevent overloading of structure. 

C. Do not overload metal deck or supporting members: 

1. Contractor is solely responsible for safety, construction means, methods and 
sequencing of the Work. 

2. Until the entire assembly is complete, the structural elements may not be 
stable or capable of supporting code or stated design loads. 

3. Use care to assure deck construction loads are less than the 
recommendation of SDI 31, except where temporary shoring is installed. 

D. Place each deck unit on supporting structural frame, adjust to final position and 
accurately align with ends bearing on supporting members. 

1. Lap roof deck units at ends no less than 2 IN. 

2. Interlock units at sides without stretching, contracting, or deforming. 

3. Place deck units flat and square and secure to framing without warp or 
excessive deflection. 

4. Place units in accurate and close alignment for entire length of run and with 
close alignment of flutes of one unit with those of abutting unit. 

E. Plug weld sizes specified are effective fusion diameter of welds. 
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1. Weld metal shall penetrate all layers of deck material and have good fusion 
to supporting members. 

2. Do not burn through deck. 

F. Prevent overtorquing of screw fasteners by using a tool with a depth limiting 
nosepiece and a clutch. 

G. Fastening of 1-1/2 IN Deep Metal Roof Deck: 

1. Unless otherwise specified, secure deck units to supporting frame and side 
laps as follows: 

a. Fasten edge ribs of panels at each support. 

b. At all interior supports and at ends of deck use: 

1) At all buildings unless noted otherwise:  Three (3) 5/8 IN round plug 
welds per deck unit. 

2) At the Operations Building:  Five (5) 5/8 IN round plug welds per deck 
unit. 

c. At perimeter supports, use 5/8 IN round plug welds at 12 IN OC. 

d. At side laps, use #12 hexhead screws at:. 

1) 18 IN OC for all buildings unless noted otherwise. 

2) 12 IN OC at the Operations Building. 

H. Fastening of 3 IN Deep Metal Roof Deck: 

1. Unless otherwise specified, secure deck units to supporting frame and side 
laps as follows: 

a. Fasten edge ribs of panels at each support. 

b. At all interior supports and at ends of deck use: 

1) Four (4) 3/4 IN round plug welds per deck unit (24 IN unit.) 

c. At perimeter supports 3/4 IN round plug welds at 8 IN OC. 

d. At side laps, use #12 hexhead screws at 24 IN. 

I. Fastening of Form Deck: 

1. Secure deck units to supporting frame and side laps as follows: 

a. Fasten edge ribs of panels at each support. 

b. At each end of each unit and at intermediate supports:  5/8 IN puddle 
welds at 12 IN OC with not less than two welds per support. 

c. At perimeter parallel to deck:  5/8 IN puddle welds or 3/8 x 1-1/4 IN seam 
welds at 18 IN OC. 

d. At side laps: #12 hexhead screws spaced not more than 2 FT OC. 

e. At sheet metal closures used at ends or sides:  Self-drilling sheet metal 
screws or tack welds at 2 FT OC. 

J. Shoring for Form Deck: 
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1. Design and install temporary shoring for form deck for span conditions and 
lengths where required in SDI 31. 

2. Shoring to support form deck for the construction loads listed in SDI 31 or 
for the actual loads applied during construction, whichever is greater. 

a. Indicate shoring on installation Shop Drawings. 

3. Locate shoring so as not to overstress supporting construction. 

4. Do not remove shores until concrete has reached at least 75 PCT of its 
specified compressive strength. 

K. Remove and replace deck which is structurally weak or unsound or which has 
burn holes due to improper welding or damage which Engineer declares 
defective. 

L. Cut and fit deck units and accessories around other work projecting through or 
adjacent to decking. 

1. Make cutting and fitting neat, square and trim. 

a. Cut deck by mechanical means, not by burning. 

2. Neatly and accurately install reinforcing at all openings except: 

a. Circular openings less than 6 IN DIA. 

b. Rectangular openings having no side dimension greater than 6 IN. 

3. Reinforce openings that have not been framed between 6 and 12 IN with 20 
GA flat steel sheet 12 IN greater in each dimension than opening. 

a. Place sheet around opening and fusion weld to top surface of deck at 
each corner and midway along each side. 

M. Install insulation supports for support of roof insulation. 

1. Provide where top surface of roof deck does not occur adjacent to edge and 
openings as required to completely support roof insulation. 

2. Weld into position. 

N. Install metal closure strips at all open uncovered ends and edges of roof deck, 
and in voids between deck and other construction. 

1. Weld into position to provide a complete decking installation. 

2. Provide flexible closure strips instead of metal closures, at Contractor's 
option and when approved by Engineer wherever their use will ensure 
complete closure. 

a. Install with elastomeric type adhesive in accordance with written 
directions and recommendations of manufacturers of closure strips and 
adhesives. 

O. Ridge and Valley Plates: 

1. Weld ridge and valley plates to top surface of roof deck. 
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2. Lap end joints not less than 3 IN with laps in direction of water flow. 

P. Roof Sump Pans: 

1. Place over openings in roof deck. 

2. Weld to top deck surface. 

a. Space welds maximum 12 IN OC with at least one weld at each corner 
and each side midway between each corner. 

3. Cut opening in bottom of roof sump to accommodate drain size indicated. 

Q. Cant Strips: 

1. Weld cant strips to top surface of roof deck at 12 IN OC. 

2. Lap end joints not less than 3 IN. 

R. Install metal accessories to close all openings and gaps between deck and 
other construction, at objects projecting through deck, at locations where deck 
changes direction, and at open ends of deck units where deck units terminate. 

1. Weld into position to provide a complete installation. 

S. Install pour stops continuous around the perimeter: 

1. Locate so that the slab terminates beyond the perimeter support centerline a 
distance as indicated on the Contract Drawings. 

2. Weld into position adequately to resist forces due to placement and finishing 
of concrete and in accordance with manufacturer's recommendations. 

T. Clean and Touch Up: 

1. Remove all surplus materials and debris from surface of deck after 
installation. 

2. Repair damaged galvanized surfaces in accordance with Specification 
Section  09 91 00. 

3.3 FIELD QUALITY CONTROL 

A. Remove and replace defective or damaged deck units. 

B. Special Inspection: 

1. See Specification Section 01 45 33. 

2. Special Inspection is required for: 

a. Verification of proper deck and materials. 

1) Frequency:  Prior to attaching deck. 

b. Verification of proper weld filler materials, screws, powder actuated 
mechanical fasteners, weld testing and fastener spacing. 

1) Frequency:  First 4 HRS during the first day of deck attachment and 
final inspection prior to covering work with concrete, insulation, or 
other materials. 
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c. Weld Testing: 

1) Make the following test in the presence of the Special Inspector 
employed on the project on the first deck panel to be installed: 

a) Place one (1) end of panel over a perimeter support and attach it 
only to that support with two (2) welds as specified 6 IN apart. 

b) Move the opposite end of the panel in plane parallel to the span of 
the panel until shear distress is noted in the weld. 

c) Make the welds of sufficient quality to cause local distortions in 
the panel around the welds and show good perimeter contact 
between the welds and the panel. 

d) When the results of this test are satisfactory and approved by the 
Special Inspector, install the remainder of the deck using the 
same weld rod size and type, amperage setting, and procedures 
used in the tested deck. 

e) Weld Test procedure to be performed for each metal deck welder. 

2) Visually inspect the remainder of the welds. 

a) When, in the opinion of the Special Inspector, any weld is of poor 
quality, provide an additional weld adjacent to the rejected weld. 

b) Place the new weld on sound, unburned deck a sufficient distance 
away from the rejected weld. 

END OF SECTION
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SECTION 05 44 00 

PRE-ENGINEERED COLD-FORMED METAL TRUSSES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Complete pre-engineered cold formed steel trusses roof system including 
but not limited to: 

a. Design. 

b. Materials. 

c. Fabrication. 

d. Shipment. 

e. Erection. 

f. Components as specified. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 05 30 00 - Metal Deck. 

4. Section 05 50 00 - Metal Fabrications. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Iron and Steel Institute (AISI): 

a. North American Specification for the Design of Cold-Formed Steel 
Structural Members; American Iron and Steel Institute; 2012 edition 
(S100-12). 

b. North American Standard for Cold-Formed Steel Framing - General 
Provisions; 2012 edition (S200-12). 

c. North American Standard for Cold-Formed Steel Framing - Truss 
Design; 2012 edition (S214-12). 

d. North American Standard for Cold-Formed Steel Structural Framing, 
2015 edition (S240-15) 

2. ASTM International (ASTM): 

a. A370 Standard Test Methods and Definitions for Mechanical Testing of 
Steel Products. 

b. A653/A653M Sheet Steel, Zinc-Coated (Galvanized) or Zinc Iron Alloy-
Coated (Galvannealed) by the Hot Dip Process. 
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c. A780 Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized 
Coatings. 

3. American Welding Society (AWS): 

a. Structural Welding Code - Steel ANSI/AWS D1.1. 

b. Structural Welding Code - Sheet Steel ANSI/AWS D1.3. 

4. Building code: 

a. International Code Council (ICC): 

1)  International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

B. Qualifications 

1. Manufacturer/Fabricator Qualifications: 

a. Minimum of five (5) years experience in manufacturing of light-gauge 
steel trusses. 

b. Shall participate in a recognized quality-assurance program approved by 
AISI or that involves inspection by an independent inspection and testing 
agency acceptable to Engineer. 

c. Truss fabricator shall review Contract Documents for items at variance 
with established truss construction procedures.  

d. Submit variances to Architect/Engineer not less than ten (10) days 
before bids are received. 

e. Variance not submitted before such date shall be corrected by truss 
fabricator or resolved to satisfaction of Engineer without increase in 
contract price 

2. Erector Qualifications: 

a. Minimum of three (3) years current experience in the installation of light-
gauge steel truss systems.   

b. Truss erector shall be approved by truss manufacturer. 

C. Provide Pre-Engineered, Cold-formed Steel Trusses engineered by specialty 
structural engineer to support superimposed dead, live, and lateral (wind or 
seismic) loads indicated.  

1. Include headers and reinforcing members around openings. 

2. Required details defining method of fastening throughout system and 
attachments to supporting primary structure included in engineering 
requirement. 

1.3 DEFINITIONS 

A. Code:  The word "code" refers to the Building Code. 

B. Installer, Erector or Applicator: 

1. Installer, erector or applicator is the person actually installing, erecting or 
applying the product in the field at the Project site. 
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2. Installer, erector and applicator are synonymous 

1.4 SUBMITTALS 

A. Shop Drawings:   

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Fabrication and erection drawings: 

a. Submit detailed truss erection plans, shop details, erection details, and 
printed instructions for handling, storage, and installation. 

b. Indicate member type, location, spacing, size, and gauge of members; 
method of attachment to supporting members; and necessary erection 
details.   

c. Indicate supplemental bracing, strapping, splices, bridging, accessories, 
and details required for proper installation. 

d. Truss Placement Diagram:  Diagram that identifies the assumed location 
of each individually designated truss and references the corresponding 
Truss Design Drawing. 

B. Product Data:   

1. Product data and installation instructions for each type of cold-formed steel 
framing and accessory required. 

2. Truss manufacturer’s recommendations for handling trusses. 

C. Informational Submittals:   

1. Manufacturer's and Erector's Qualifications. 

2. Manufacturer's approval of erector. 

3. Certificate of compliance by fabricator that steel was fabricated in 
accordance with the approved construction  

4. Engineering calculations indicating design moments, shears, and other 
forces sealed by a professional Structural Engineer licensed in the State 
where Project is located. 

a. Submit concurrent with or prior to Shop Drawings. 

b. Include list of design loads and loads transmitted to walls and locations 
where loads occur and special requirements, changes, or modifications 
to primary structural system to accommodate cold formed steel trusses 

c. Submit calculations for information only. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Pre-Engineered, Cold-formed Steel Trusses: 

1. Aegis Metal Framing. 
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2. Alpine Engineered Products, Inc. 

3. Westco Steel Systems 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2  DESIGN CRITERIA 

A. Loads: 

1. Dead Loads: 

a. As shown on the Drawings plus selfweight. 

2. Roof Live Loads: 

a. As shown on the Drawings. 

3. Snow Loads: 

a. As shown on the Drawings. 

4. Wind Loads: 

a. As shown on the Drawings. 

5. Seismic (Earthquake) Loads: 

a. As shown on the Drawings. 

B. Connection of trusses to bearing walls shall be designed to resist calculated 
uplift forces. 

C. Include truss to truss girder connection design. 

D. Include handling forces and show temporary bracing required during erection. 

E. Proportion such that following deflection limits are not exceeded: 

1. Live or snow:  span / 360 

2. Dead plus live or snow:  span/240 

3. Wind:  span/360 

F. Design Pre-Engineered, Cold-formed Steel Trusses to allow for movement of 
framing members without damage or over-stressing members, sheathing 
failure, connection failure, undue strain on fasteners and anchors, or other 
detrimental effects when subject to a maximum ambient temperature range of 
120 DEGF. 

G. Calculate structural characteristics of cold-formed steel truss members in 
accordance with AISI Specification for the Design of Cold-Formed Steel 
Structural Members. 

2.3 MATERIALS 

A. Truss Members: 

1. ASTM A653/A653M, 50 KSI minimum yield stress, with G60 galvanized zinc 
coating. 
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2. Minimum uncoated steel thickness: 

a.  16 GA:  0.057 IN. 

B. Bracing, Bridging, and Blocking Members: 

1. ASTM A653/A653M, 33 KSI minimum yield stress, with G60 galvanized zinc 
coating. 

2. Minimum uncoated steel thickness: 

a.  16 GA:  0.057 IN. 

C. Fasteners:   

1. Truss manufacturer recommended self-drilling, self-tapping screws with 
corrosion resistant plated finish. 

2.4 FABRICATION 

A. Factory fabricate trusses plumb, square, true to line, with connections securely 
fastened. 

B. Fabricate trusses in jig assemblies. 

C. Cut truss members by sawing, shearing, or plasma cutting. 

D. Fasten truss members by welding or screwing as standard with fabricator. 

1. Comply with AWS welding requirements. 

2. Locate screws and install according to truss component manufacturer’s 
instructions.  Screw shall penetrate joined members by a minimum of 3 
exposed screw threads. 

E. Welding: 

1. Welding Procedures, Operator Qualifications, and Welding Quality 
Standards: 

a. AWS D1.1. 

b. AWS D1.3. 

c. Certification of Welder Qualification:  Supply when requested. 

F. Brace, block, or reinforce truss as necessary to minimize member and 
connection stresses during handling. 

G. Tolerances: 

1. Member length: 

a. Trusses up to 30 FT long:  Max 1/2 IN variation from design length. 

b. Trusses over 30 FT long:  Max 3/4 IN variation from design length. 

2. Member height: 

a. Trusses up to 5 FT high:  Max 1/4 IN variation from design height. 
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PART 3 - TRUSSES OVER 5 FT HIGH:  MAX 1/2 IN VARIATION FROM DESIGN 
HEIGHT.EXECUTION 

3.1 EXAMINATION 

A. Examine supporting structure prior to installing trusses.  

B. Do not install trusses until unsatisfactory conditions have been corrected. 

C. Installation of trusses constitutes acceptance of existing conditions and 
responsibility for satisfactory performance. 

3.2 INSTALLATION 

A. Erect trusses with plane of truss webs vertical and parallel to each other. 

B. Locate at design spacing indicated. 

C. Exercise care to avoid damage to truss members during erection and keep 
horizontal bending of the trusses to a minimum. 

D. Provide framing anchors as indicated on erection drawings. 

1. Trusses shall be bridged and braced in accordance with the manufacturer’s 
design and written instructions before installation of collateral materials. 

2. Temporary bracing shall be installed in strict accordance with truss 
manufacturer’s written instructions. 

3. Temporary bracing shall remain in place until all sheathing and permanent 
bracing work is completed. 

E. Anchor trusses securely at bearing points. 

F. Install roof framing accessories plumb, square, true to line, and securely 
fastened in accordance with truss manufacturer’s recommendations. 

G. Do not cut truss members without approval of truss design engineer. 

H. Fasten cold-formed steel roof framing by welding or screwing. 

1. Coordinate with truss manufacturer. 

2. Wire tying of trusses is not permitted. 

I. Locate mechanical fasteners and install in accordance with truss 
manufacturer’s instructions. 

J. Install framing in one-piece lengths, unless a splice connection is indicated. 

K. Touch-up damaged galvanizing with galvanizing repair paint. 

1. Galvanizing Repair Paint: 

a. ASTM A780. 

b. Zinc content:  Minimum 92 PCT in dry film. 

c. ZRC "ZRC Cold Galvanizing" or Clearco "High Performance Zinc Spray." 

END OF SECTION 
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SECTION 05 50 00 

METAL FABRICATIONS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Custom fabricated metal items and certain manufactured units not otherwise 
indicated to be supplied under work of other Specification Sections. 

2. Design of all temporary bracing not indicated on Drawings. 

3. Design of systems and components, including but not limited to: 

a. Stairs. 

b. Landings. 

c. Ladders. 

d. Modular framing system. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 03 15 19 - Anchorage to Concrete. 

4. Section 03 31 30 - Concrete, Materials and Proportioning. 

5. Section 05 12 00 - Structural Steel. 

6. Section 05 52 02 - Aluminum Railings. 

7. Section 05 52 05 - Steel Railings. 

8. Section 06 82 00 - Fiberglass Reinforced Plastic Fabrication. 

9. Section 09 91 00 - Painting and Protective Coatings. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Aluminum Association (AA): 

a. ADM 1, Aluminum Design Manual. 

2. American Association of State Highway and Transportation Officials 
(AASHTO): 

a. HB, Standard Specifications for Highway Bridges. 

3. American Institute of Steel Construction (AISC): 

a. 325, Manual of Steel Construction. 
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b. 360, Specifications for Structural Steel Buildings (referred to herein as 
AISC Specification). 

4. The American Ladder Institute (ALI): 

a. A14.3, Ladders - Fixed - Safety Requirements. 

5. American Society of Civil Engineers (ASCE): 

a. 7, Minimum Design Loads for Buildings and Other Structures. 

6. ASTM International (ASTM): 

a. A6, Standard Specification for General Requirements for Rolled 
Structural Steel Bars, Plates, Shapes, and Sheet Piling. 

b. A36, Standard Specification for Carbon Structural Steel. 

c. A47, Standard Specification for Ferritic Malleable Iron Castings. 

d. A48, Standard Specification for Gray Iron Castings. 

e. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Welded and Seamless. 

f. A108, Standard Specification for Steel Bar, Carbon and Alloy, Cold 
Finished. 

g. A123/A123M, Standard Specification for Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products. 

h. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron 
and Steel Hardware. 

i. A197, Standard Specification for Cupola Malleable Iron. 

j. A269, Standard Specification for Seamless and Welded Austenitic 
Stainless Steel Tubing for General Service. 

k. A276, Standard Specification for Stainless Steel Bars and Shapes. 

l. A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 
PSI Tensile Strength. 

m. A312, Standard Specification for Seamless, Welded, and Heavily Cold 
Worked Austenitic Stainless Steel Pipes. 

n. A380, Standard Practice for Cleaning, Descaling, and Passivation of 
Stainless Steel Parts, Equipment, and Systems. 

o. A500, Standard Specification for Cold-Formed Welded and Seamless 
Carbon Steel Structural Tubing in Rounds and Shapes. 

p. A501, Standard Specification for Hot-Formed Welded and Seamless 
Carbon Steel Structural Tubing. 

q. A536, Standard Specification for Ductile Iron Castings. 

r. A554, Standard Specification for Welded Stainless Steel Mechanical 
Tubing. 

s. A572, Standard Specification for High-Strength Low-Alloy Columbium-
Vanadium Structural Steel. 

t. A563, Standard Specification for Carbon and Alloy Steel Nuts. 



WHCRWA 

METAL FABRICATIONS CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
METAL FABRICATIONS 

05 50 00 - 3 OF 26 

u. A666, Standard Specification for Annealed or Cold-Worked Austenitic 
Stainless Steel Sheet, Strip, Plate, and Flat Bar. 

v. A668, Standard Specification for Steel Forgings, Carbon and Alloy, for 
General Industrial Use. 

w. A780, Standard Practice for Repair of Damaged and Uncoated Areas of 
Hot-Dip Galvanized Coatings. 

x. A786, Standard Specification for Hot-Rolled Carbon, Low-Alloy, High-
Strength Low-Alloy, and Alloy Steel Floor Plates. 

y. A992, Standard Specification for Steel for Structural Shapes. 

z. A1064, Standard Specification for Steel Wire and Welded Wire 
Reinforcement, Plain and Deformed, for Concrete. 

aa. A1011, Standard Specification for Steel, Sheet and Strip, Hot-Rolled, 
Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy 
with Improved Formability, and Ultra-High Strength. 

bb. B26, Standard Specification for Aluminum-Alloy Sand Castings. 

cc. B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet 
and Plate. 

dd. B221, Standard Specification for Aluminum and Aluminum-Alloy 
Extruded Bars, Rods, Wire, Profiles, and Tubes. 

ee. B308, Standard Specification for Aluminum-Alloy 6061-T6 Standard 
Structural Profiles. 

ff. B429, Standard Specification for Aluminum-Alloy Extruded Structural 
Pipe and Tube. 

gg. B632, Standard Specification for Aluminum-Alloy Rolled Tread Plate. 

hh. F436, Standard Specification for Hardened Steel Washers Inch and 
Metric Dimensions. 

ii. F467, Standard Specification for Nonferrous Nuts for General Use. 

jj. F468, Standard Specification for Nonferrous Bolts, Hex Cap Screws, and 
Studs for General Use. 

kk. F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws, 
and Studs. 

ll. F835, Standard Specification for Alloy Steel Socket Button and Flat 
Countersunk Head Cap Screws. 

mm. F879, Standard Specification for Stainless Steel Socket Button and Flat 
Countersunk Head Cap Screws. 

nn. F1789, Standard Terminology for F16 Mechanical Fasteners. 

oo. F3125, Standard Specification for High Strength Structural Bolts, Steel 
and Alloy Steel, Heat Treated, 120 ksi (830 MPa) and 150 ksi (1040 
MPa) Minimum Tensile Strength, Inch and Metric Dimensions. 

7. American Welding Society (AWS): 
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a. A5.1/A5.1M, Specification for Carbon Steel Electrodes for Shielded Metal 
Arc Welding. 

b. D1.1, Structural Welding Code - Steel. 

c. D1.2, Structural Welding Code - Aluminum. 

d. D1.6/D1.6M, Structural Welding Code - Stainless Steel. 

8. National Association of Architectural Metal Manufacturers (NAAMM): 

a. AMP 510, Metal Stairs Manual. 

b. AMP 555, Code of Standard Practice for the Architectural Metal Industry 
(Including Miscellaneous Iron). 

c. MBG 531, Metal Bar Grating Manual. 

9. NACE International (NACE). 

10. Nickel Development Institute (NiDI): 

a. Publication 11 007, Guidelines for the welded fabrication of nickel-
containing stainless steels for corrosion resistant services. 

11. Occupational Safety and Health Administration (OSHA): 

a. 29 CFR 1910, Occupational Safety and Health Standards, referred to 
herein as OSHA Standards. 

12. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

b. A117.1, Accessible and Usable Buildings and Facilities. 

B. Qualifications: 

1. Qualify welding procedures and welding operators in accordance with AWS. 

2. Fabricator shall have minimum of 10 years experience in fabrication of metal 
items specified. 

3. Engineer for contractor-designed systems and components:  Professional 
structural engineer licensed in the State of Texas. 

4. NACE certified inspector shall have minimum of two (2) years experience 
performing inspections as indicated. 

a. Have a current Level III coating inspector certification. 

1.3 DEFINITIONS 

A. Fasteners:  As defined in ASTM F1789. 

B. Galvanizing:  Hot-dip galvanizing per ASTM A123/A123M or ASTM 
A153/A153M with minimum coating of 2.0 OZ of zinc per square foot of metal 
(average of specimens) unless noted otherwise or dictated by standard. 

C. Hardware:  As defined in ASTM A153/A153M. 



WHCRWA 

METAL FABRICATIONS CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
METAL FABRICATIONS 

05 50 00 - 5 OF 26 

D. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Qualifications: 

a. NACE inspector qualifications. 

3. Fabrication and/or layout drawings and details: 

a. Submit drawings for all fabrications and assemblies. 

1) Include erection drawings, plans, sections, details and connection 
details. 

b. Identify materials of construction, shop coatings and third party 
accessories. 

4. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Provide manufacturer's standard allowable load tables for the following: 

1) Grating and checkered plate. 

2) Castings, trench covers and accessories. 

3) Modular framing systems. 

5. Contractor designed systems and components: 

a. Certification that manufactured units meet all design loads specified. 

b. Shop Drawings and engineering design calculations: 

1) Indicate design live loads. 

2) Sealed by a licensed professional engineer, registered in the State of 
Texas. 

3) Engineer will review for general compliance with Contract 
Documents. 

c. Contractor designed systems and components include the following: 

1) Metal Stairs and associated landings. 

2) Ladders and associated landings. 

3) Gates. 

B. Informational Submittals: 
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1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Certification of welders and welding processes. 

a. Indicate compliance with AWS. 

3. NACE certification of surface preparation. 

4. NACE certification of paint application. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver and handle fabrications to avoid damage. 

B. Store above ground on skids or other supports to keep items free of dirt and 
other foreign debris and to protect against corrosion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Abrasive stair nosings (embedded in concrete stairs): 

a. American Safety Tread. 

b. Balco. 

2. Headed studs and deformed bar anchors: 

a. Nelson Stud Welding Div., TRW Inc. 

b. Stud Welding Products, Inc. 

3. Mechanical anchor bolts: 

a. See Section 03 15 19. 

4. Epoxy adhesive anchor bolts: 

a. See Section 03 15 19. 

5. Concrete screw anchors: 

a. See Section 03 15 19. 

6. Castings, trench covers and accessories: 

a. Neenah Foundry Co. 

b. Deeter Foundry Co. 

c. Barry Craft Construction Casting Co. 

d. McKinley Iron Works. 

7. Galvanizing repair paint: 

a. Clearco Products Co., Inc. 

b. ZRC Products. 

8. Modular framing system: 
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a. Unistrut Building Systems. 

b. B-Line Systems. 

c. Kindorf. 

9. Ladder safety extension post: 

a. Bilco. 

10. Ladder fall protection system: 

a. DBI/SALA. 

b. Miller Equipment. 

c. North Specialty Products. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Steel: 

1. Structural: 

a. W-shapes and WT-shapes:  ASTM A992, Grade 50. 

b. All other plates and rolled sections:  ASTM A36. 

2. Pipe:  ASTM A53, Types E or S, Grade B or ASTM A501. 

3. Structural tubing: 

a. ASTM A500, Grade B (46 ksi minimum yield). 

4. Bolts, high strength: 

a. ASTM F3125, Grade A325. 

5. Nuts, high strength: 

a. ASTM A563. 

6. Washers (hardened): 

a. ASTM F436. 

b. Provide two (2) washers with all bolts. 

7. Bolts and nuts (unfinished): 

a. ASTM A307, Grade A. 

8. Welding electrodes:  AWS D1.1, E70 Series. 

9. Steel forgings:  ASTM A668. 

B. Iron: 

1. Ductile iron:  ASTM A536. 

2. Gray cast iron:  ASTM A48 (minimum 30,000 PSI tensile strength). 

3. Malleable iron:  ASTM A47, ASTM A197. 

C. Stainless Steel: 
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1. Stainless steel in welded applications:  Low carbon 'L' type. 

2. Minimum yield strength of 30,000 PSI and minimum tensile strength of 
75,000 PSI. 

a. Bars, shapes:  ASTM A276, Type 304. 

b. Tubing and pipe:  ASTM A269, ASTM A312 or ASTM A554, Type 304 or 
316. 

c. Strip, plate and flat bars:  ASTM A666, Type 304 or 316. 

d. Bolts and nuts:  ASTM F593, Type 304 or 316. 

3. Minimum yield strength of 25,000 PSI and minimum tensile strength of 
70,000 PSI. 

a. Strip, plate and flat bar for welded connections, ASTM A666, Type 304L 
or 316L. 

4. Welding electrodes:  In accordance with AWS for metal alloy being welded. 

D. Aluminum: 

1. Alloy 6061-T6, 32,000 PSI tensile yield strength minimum. 

a. ASTM B221 and ASTM B308 for shapes including beams, channels, 
angles, tees and zees. 

b. Weir plates, baffles and deflector plates, ASTM B209. 

2. Alloy 6063-T5 or T6, 15,000 PSI tensile yield strength minimum. 

a. ASTM B221 and ASTM B429 for bars, rods, wires, pipes and tubes. 

3. ASTM B26 for castings. 

4. ASTM F468, alloy 2024 T4 for bolts. 

5. ASTM F467, alloy 2024 T4 for nuts. 

6. Electrodes for welding aluminum:  AWS D1.2, filler alloy 4043 or 5356. 

E. Washers:  Same material and alloy as found in accompanying bolts and nuts. 

F. Embedded Anchor Bolts: 

1. See Specification Section 03 15 19. 

G. Mechanical Anchor Bolts and Adhesive Anchor Bolts: 

1. See Specification Section 03 15 19. 

H. Headed Studs:  ASTM A108 with a minimum yield strength of 50,000 PSI and a 
minimum tensile strength of 60,000 PSI. 

I. Deformed Bar Anchors:  ASTM A1064 with a minimum yield strength of 70,000 
PSI and a minimum tensile strength of 80,000 PSI. 

J. Iron and Steel Hardware:  Galvanized in accordance with ASTM A153/A153M 
when required to be galvanized. 

K. Galvanizing Repair Paint: 
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1. High zinc dust content paint for regalvanizing welds and abrasions. 

2. ASTM A780. 

3. Zinc content:  Minimum 92 PCT in dry film. 

4. ZRC "ZRC Cold Galvanizing" or Clearco "High Performance Zinc Spray." 

L. Dissimilar Materials Protection:  See Specification Section 09 91 00. 

2.3 MANUFACTURED UNITS 

A. Ladders: 

1. General: 

a. Fully welded type. 

1) All welds to be full penetration welds, unless otherwise specified. 

b. All ladders of a particular material shall have consistent construction and 
material shapes and sizes unless noted otherwise on the Drawings. 

c. Design ladder in accordance with OSHA Standards, ANSI A14.3, ASCE 
7 and applicable Building Codes. 

d. Ladders shall be designed to support a minimum concentrated live load 
of 300 LBS at any point to produce the maximum stress in the member 
being designed. 

1) Apply additional 300 LB loads for each section of ladder exceeding 
10 FT. 

e. Maximum allowable stresses per AA ADM 1 for aluminum ladders. 

f. Maximum allowable stresses per AISC Specification for steel and 
stainless steel ladders. 

g. Maximum lateral deflection:  Side rail span/240 when lateral load of 100 
LBS is applied at any location. 

2. Material: 

a. Aluminum. 

b. Galvanized steel. 

c. Stainless steel:  Type 316. 

d. Ladder materials are specified in the Drawings for each specific ladder. 

e. Finish: 

1) Mill. 

2) Steel:  Galvanized after fabrication.  

3) Stainless steel:  Satin. 

3. Rails: 

a. Round pipe or rectangular tubing: 

1) Round pipe: 

a) 1-1/2 IN nominal diameter. 



METAL FABRICATIONS 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
METAL FABRICATIONS 

05 50 00 - 10 OF 26 

b) Schedule 80. 

2) Rectangular tubing: 

a) Cross-section:  3 by 2 IN maximum. 

b) Thickness:  0.125 IN minimum. 

b. Spacing: 

1) Minimum clear distance between rails to be 18 IN. 

2) Step-through ladder extensions:  24 IN, centerline to centerline. 

c. Provide cap at exposed top and bottom of side rails. 

1) Provide weep holes as necessary to prevent the accumulation of 
moisture within hollow members. 

d. Extend side rails of step-through ladders a minimum of 42 IN above the 
landing. 

4. Rungs: 

a. Minimum 1 IN DIA or 1 IN square solid bar. 

1) Integral non-slip finish on all sides. 

a) Non-slip finish:  Coarse knurling or extruded serrations. 

b) Shop or field-applied grit tape and cap type non-slip finishes are 
not acceptable. 

b. Rungs shall penetrate inside wall of side rails. 

1) Do not extend rungs beyond the outside face of the side rail. 

2) Provide fillet weld all around rung at inside face of side rail and plug 
weld at outside face of side rail. 

c. Rung spacing: 

1) Uniform, 12 IN. 

2) Top rung shall be level with landing or platform. 

a) Where top of ladder terminates at grating cover, floor access door, 
roof hatch or similar condition; locate top rung as close as 
practicable to, but not more than 6 IN below, adjacent walking 
surface. 

3) Spacing of bottom rung from grade or platform may vary but shall not 
exceed 14 IN. 

5. Brackets: 

a. Angle or bent plate brackets welded to side rails: 

1) 3/8 IN by 2-1/2 IN by length required. 

2) Provide punched holes for 3/4 IN bolts or anchors. 

3) Minimum distance from centerline of rung to wall or any obstruction:  
7 IN. 

4) Maximum spacing:  4 FT OC for aluminum, 6 FT OC for steel. 
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b. For floor supported ladders, provide 3/8 by 2-1/2 by 4 IN rectangular 
bracket or 3/8 by 6 by 6 IN square plate welded to rails with punched 
holes for 3/4 IN bolts. 

1) Provide wall brackets on floor supported units if vertical run is over 4 
FT. 

6. Landings: 

a. Construct landing, railing and all supports of same material as the ladder. 

b. Design live load for landing platform and supporting structure: 

1) 100 psf, uniform load. 

2) 300 LBS concentrated load on 4 IN square area. 

3) All components to be adequate for the uniform load or the 
concentrated load, whichever requires the stronger component. 

4) Maximum deflection:  1/300 of span under a superimposed live load 
of 100 PSF. 

c. Grating: 

1) Per this Specification Section. 

d. Structural support:  Channel or tubular sections with bracing, plates, 
angles, etc., to support guardrail and grating and to support landing from 
the side of the structure. 

1) Weld or bolt all connections using galvanized bolts, nuts and 
washers. 

e. Guardrails: 

1) Match ladder side rails. 

a) Space intermediate rails equally between top rail and top of 
kickplate. 

2) Provide 4 IN high x 3/8 IN thick toeboard each side of landing. 

7. Gates: 

a. Constructed of same material and sizes as the railing system. 

b. Hinges: 

1) Stainless steel. 

2) Heavy-duty, self-closing. 

c. Gate stop: 

1)  Galvanized steel. 

8. Ladder safety extension post: 

a. Telescoping tubular, same material as ladder, section that automatically 
locks into place when fully extended. 

b. Non-ferrous corrosion-resistant spring and hardware. 

c. Factory assembled with all hardware necessary for mounting to ladder. 

d. Bilco "LadderUp" safety post. 
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9. Deflector plate: 

a. For aluminum ladders:  Minimum .0625 IN aluminum plate, ASTM B209. 

b. For stainless steel ladders:  Minimum .0625 IN stainless steel plate, 
ASTM A666. 

c. For steel ladders:  Minimum .0625 IN steel plate, ASTM A6. 

d. Profile as shown on Drawings. 

e. Fabricate to shapes and sizes required to meet OSHA Standards. 

10. Ladder fall protection system: 

a. Extruded aluminum safety rail. 

1) Safety rail shall extend from within 3 FT of base of ladder to top of 
ladder side rails. 

b. Extruded aluminum trolley with brake. 

1) Ice guard. 

c. Full body harness with adjustable leg straps, backpad, and front dee 
ring. 

d. Miller Equipment GlideLoc Ladder Climbing System. 

e. Provide all components required for a complete OSHA approved 
operating system. 

11. Security door: 

a. Sheet aluminum alloy 5005. 

1) Minimum 0.125 IN thick with mill finish. 

b. Continuous aluminum or stainless steel piano hinge. 

1) Handing as shown on Drawings. 

c. Minimum two (2) heavy-duty locking hasps. 

d. Full flush door panel with perpendicular side returns to within 2 IN of face 
of wall. 

e. Size:  Width as required by 7 FT high. 

f. Provide complete with all fasteners. 

g. Padlocks to be provided by Owner. 

h. O'Keefe's Inc.  Model "SD." 

B. Bollards: 

1. 8 IN DIA extra strength steel pipe, ASTM A53. 

a. Galvanized. 

b. See Specification Section 09 91 00 for painting requirements. 

C. Abrasive Stair Nosings: 

1. Exterior cast-in-place concrete stairs: 

a. One piece cast aluminum with wing anchors. 

b. Diamond abrasive pattern. 



WHCRWA 

METAL FABRICATIONS CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
METAL FABRICATIONS 

05 50 00 - 13 OF 26 

c. Babcock Davis "BSTCA-C3W". 

2. Interior stairs: 

a. Two (2) component consisting of an embedded subchannel and an 
abrasive tread plate with integral photoluminescent strip. 

b. Subchannel:  6063-T5 extruded aluminum. 

1) Complete with concrete anchors. 

c. Tread plate: 

1) 6063-T5 extruded aluminum. 

2) Solid epoxy abrasive filler. 

a) Color:  Safety yellow. 

d. Balco "DXH-330." 

e. Finish:  Mill. 

3. Length: 

a. Concrete stairs and landings: 

1) 4 IN less than overall stair width. 

2) Where tread mounted railing post occurs, hold nosing back 4 IN clear 
from railing centerline. 

b. Concrete filled metal pan stairs:  Full length of tread. 

c. Concrete landings at metal stairs:  4 IN less than clear width between 
stringers. 

D. Metal Stairs: 

1. Treads:  Grating as specified. 

a. Provide integral corrugated non-slip nosing. 

2. Risers: 

a. Grating treads:   

1) Solid plate welded to trailing edge of tread or landing. 

2) Minimum 3/16 IN thick by 4 IN high. 

b. Checkered plate treads:  Solid checkered plate riser integral with tread. 

3. Landings: 

a. Grating as specified. 

b. Provide integral corrugated non-slip nosing at edge acting as stair 
tread/nosing. 

4. Design live load for landing platform and supporting structure: 

a. 100 psf, uniform load. 

b. 300 LBS concentrated load on 4 IN square area. 

c. All components to be adequate for the uniform load or the concentrated 
load, whichever requires the stronger component. 
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d. Maximum deflection:  1/300 of span under a superimposed live load of 
100 PSF. 

5. Design, fabricate, and install in compliance with NAAMM and applicable 
codes. 

a. NAAMM AMP 510: 

1) Exterior at site structures and equipment:  Industrial Class. 

2) Interior or exterior at buildings:  Service Class. 

6. Handrails and guardrails:  Refer to Specification Section 05 52 05. 

7. Material: 

a. Aluminum. 

b. Steel:  ASTM A36, galvanized after fabrication. 

E. Aluminum Checkered Plate: 

1. Conform to ASTM B632. 

a. Diamond pattern:  Use one (1) pattern throughout Project. 

b. Material:  Type 6061-T6. 

2. Design live load: 

a. 100 PSF, uniform load. 

b. 300 LBS concentrated load on 4 IN square area. 

c. All components to be adequate for the uniform load or the concentrated 
load, whichever requires the stronger component. 

d. Maximum deflection:  1/300 of span under a superimposed live load of 
50 PSF. 

3. Reinforce as necessary with aluminum angles. 

4. Plate sections: 

a. Maximum 3 FT wide. 

b. Minimum 1/4 IN thick. 

c. Maximum 100 LBS per section if required to be removable. 

5. Provide joints at center of all openings unless shown otherwise. 

a. Reinforce joints and openings with additional angles to provide required 
load carrying capacity. 

6. Unless shown otherwise, frame for openings with aluminum checkered plate 
cover: 

a. Aluminum support angles: 

1) 3 by 2 by 1/4 IN minimum size with long leg vertical. 

2) 5/8 IN DIA adhesive anchor bolts spaced at maximum of 24 IN OC 
along each side with not less than two (2) anchor bolts per side. 

b. Aluminum concrete insert seats: 



WHCRWA 

METAL FABRICATIONS CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
METAL FABRICATIONS 

05 50 00 - 15 OF 26 

1) 2 by 2 by 1/4 IN minimum size. 

2) Auto-welded studs or strap anchors at 18 IN OC with not less than 
two (2) studs or anchored per side. 

c. Drill and tap frame to receive 3/8 IN DIA fasteners at not more than 24 IN 
OC with not less than two (2) fasteners per side. 

1) Fasteners:  Stainless steel flat countersunk cap screws:  ASTM F879. 

F. Aluminum Grating: 

1. NAAMM MBG 531. 

2. Bearing bars:  Rectangular, 1-1/2 by 3/16 IN at 1-3/16 IN OC spacing OR I-
bar, 1-1/2 IN deep with minimum 1/16 IN thick bar and minimum 1/4 IN 
flange width at 1-3/16 IN OC spacing (unless noted otherwise on Drawings). 

3. Cross bars: 

a. Welded, swaged or pressure locked to bearing bars: 

b. Maximum 4 IN/OC spacing. 

4. Top edges of bars:  Grooved or serrated. 

5. Finish:  Mill, standard. 

6. Clips and bolts:  Stainless steel. 

7. Seat angles:  Aluminum or stainless steel  

G. Steel Grating: 

1. NAAMM MBG 531. 

2. Bearing bars: 

a. Rectangular 1-1/2 by 3/16 IN unless otherwise noted on Drawings. 

b. Maximum 1-3/16 IN OC spacing. 

3. Cross bars: 

a. Welded, swagged or pressure locked to bearing bars. 

b. Maximum 4 IN OC spacing. 

4. Top edges of bars:  Serrated or grooved. 

5. Removable grating sections:  Not wider than 3 FT and not more than 100 
LBS. 

6. Finish: 

a. Galvanized. 

b. Clips and bolts:  Stainless steel. 

c. Seat angles:  Galvanized steel. 

7. Ends and perimeter edges:  Banded. 

8. Openings through grating:  Reinforced to provide required load carrying 
capacity and banded with 4 IN high toe plate. 
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9. Provide joints at openings between individual grating sections. 

H. Heavy-Duty Castings, Trench Covers, and Accessories: 

1. Prefabricated, cast iron ASTM A48 or ductile iron ASTM A536 or. 

2. Design load:  AASHTO HS-20 wheel loading for indicated span. 

3. Machine horizontal mating surfaces. 

I. Access Cover: 

1. Tank type manhole frame and solid lid:  ASTM A48 or ASTM A536, cast 
iron. 

2. Unless shown otherwise, design of cover shall be such that top of frame 
extends several inches above slab to prevent surface water from entering 
tank. 

3. Equip lid with four (4) stainless steel screws to secure lid to frame. 

J. Modular Framing System: 

1. Materials: 

a. Steel:  ASTM A1011, stainless steel, Grade 33. 

1) Hot-dipped galvanized, ASTM A123 or ASTM A153. 

b. Aluminum:  ASTM B221 or ASTM B209. 

c. Stainless steel:  ASTM A666. 

d. Fiberglass:  See Specification Section 06 82 00. 

2. Channels and inserts: 

a. Steel or stainless steel:  Minimum 12 GA. 

b. Aluminum:  Minimum 0.080 IN. 

c. Channels to have one (1) side with a continuous slot with in-turned lips. 

1) Width:  1-5/8 IN. 

2) Depth and configuration as necessary for loading conditions. 

3. Fittings:  Same material as system major components. 

4. Fasteners: 

a. Nuts:  Toothed groves in top of nuts to engage the in-turned lips of 
channel. 

b. Bolts:  Hex-head cap screws. 

c. Same material as system major components. 

5. End caps: 

a. At each exposed end of each piece mounted on walls, or guardrails, or 
suspended from framing 7 FT or less above the floor or platform. 

a) Plastic for all exposed ends 7 FT or more above floor or platform. 

b) Plastic or metallic for all other exposed ends. 
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6. Schedule: 

a. Interior wet areas:  Aluminum 

b. Interior corrosive areas:  Fiberglass.  

c. Exterior areas:  Aluminum.  

d. All other areas not listed above:  Hot-dipped galvanized steel. 

7. Provide dissimilar materials protection in accordance with Specification 
Section 09 91 10. 

8. Repair all cut ends or otherwise damaged areas of galvanized steel in 
accordance with ASTM A780. 

2.4 FABRICATION 

A. Verify field conditions and dimensions prior to fabrication. 

B. Form materials to shapes indicated with straight lines, true angles, and smooth 
curves. 

1. Grind smooth all rough welds and sharp edges. 

a. Round all corners to approximately 1/32 - 1/16 IN nominal radius. 

C. Provide drilled or punched holes with smooth edges. 

1. Punch or drill for field connections and for attachment of work by other 
trades. 

D. Weld Shop Connections: 

1. Welds to be continuous fillet type unless indicated otherwise. 

2. Full penetration butt weld at bends in stair stringers and ladder side rails. 

3. Weld structural steel in accordance with AWS D1.1 using Series E70 
electrodes conforming to AWS A5.1/A5.1M. 

4. Weld aluminum in accordance with AWS D1.2. 

5. Weld stainless steel in accordance with AWS D1.6. 

a. Treat all welded areas in accordance with ASTM A380. 

6. All headed studs to be welded using automatically timed stud welding 
equipment. 

7. Grind smooth welds that will be exposed. 

E. Passivate stainless steel items and stainless steel welds after they have been 
ground smooth. 

1. ASTM A380. 

F. Conceal fastenings where practicable. 

G. Fabricate work in shop in as large assemblies as is practicable. 

H. Tolerances: 
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1. Rolling: 

a. ASTM A6. 

b. When material received from the mill does not satisfy ASTM A6 
tolerances for camber, profile, flatness, or sweep, the Contractor is 
permitted to perform corrective work by the use of controlled heating and 
mechanical straightening, subject to the limitations of the AISC 
Specification. 

2. Fabrication tolerance: 

a. Member length: 

1) Both ends finished for contact bearing:  1/32 IN. 

2) Framed members: 

a) 30 FT or less:  1/16 IN. 

b) Over 30 FT:  1/8 IN. 

b. Member straightness: 

1) Compression members:  1/1000 of axial length between points 
laterally supported. 

2) Non-compression members:  ASTM A6 tolerance for wide flange 
shapes. 

c. Specified member camber (except compression members): 

1) 50 FT or less:  Minus 0/plus 1/2 IN. 

2) Over 50 FT:  Minus 0/plus 1/2 IN (plus 1/8 IN per 10 FT over 50 FT). 

3) Members received from mill with 75 PCT of specified camber require 
no further cambering. 

4) Beams/trusses without specified camber shall be fabricated so after 
erection, camber is upward. 

5) Camber shall be measured in fabrication shop in unstressed 
condition. 

d. At bolted splices, depth deviation shall be taken up by filler plates. 

1) At welded joints, adjust weld profile to conform to variation in depth. 

2) Slope weld surface per AWS requirements. 

e. Finished members shall be free from twists, bends and open joints. 

1) Sharp kinks, bends and deviation from above tolerances are cause 
for rejection of material. 

I. Fabricate grating, checkered plate, stairs, ladders and accessories using 
aluminum or galvanized steel as shown on Drawings. 

1. Finish: 

a. Mill, unless noted otherwise. 

b. Coat surfaces in contact with dissimilar materials. 

1) See Specification Section 09 91 10. 
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J. Fabricate grating in accordance with NAAMM MBG 531. 

1. Maximum tolerance for difference in depth between grating depth and seat 
or support angle depth:  1/8 IN. 

2. Distance between edge of grating and face of embedded seat angle or face 
of wall or other structural member:  1/4 IN. 

a. Tolerance:  NAAMM MBG 531. 

3. Removable sections:  Not wider than 3 FT and not heavier than 100 LBS. 

4. Ends and perimeter edges:  Banded, with alternate bearing bars welded to 
band. 

a. Provide full depth banding unless noted otherwise. 

b. Banding at trenches and sumps to be 1/4 IN less than grating depth to 
allow for drainage. 

5. Openings through grating:  Reinforced to provide required load carrying 
capacity and banded with 4 IN high toe plate. 

6. Provide joints at openings between individual grating sections. 

7. Fabricate grating so that bearing bars and cross bars in adjacent sections 
are aligned. 

K. Fabricate checkered plate and miscellaneous metals in accordance with 
NAAMM AMP 555. 

1. Workmanship:  Class 2 unless noted otherwise. 

L. See Specification Section 09 91 10 for preparation and painting of ferrous 
metals and other surfaces. 

2.5 SOURCE QUALITY CONTROL 

A. Surface Preparation: 

1. Refer to Specification Section 09 91 10 for surface preparation 
requirements. 

2. All miscellaneous metal fabrication item surfaces shall be inspected and 
approved by NACE certified coatings inspector prior to application of shop-
applied coatings. 

a. Inspection shall be performed to determine depth of blast profile and 
cleanliness of surface. 

b. Fabricator shall reblast and or re-clean surfaces as required until 
acceptable. 

B. Shop Applied Coating Application: 

1. All metal fabrications shall be hot-dipped galvanized prior to receiving 
specified coatings. 

2. Refer to Specification Section 09 91 10 for coating requirements. 
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3. After surface has been accepted in writing by NACE certified coatings 
inspector, fabricator may proceed with application of coatings. 

4. Application of coatings shall be observed and certified by NACE certified 
coatings inspector. 

C. Shop Inspection and Testing: 

1. Owner will employ and pay for the services of a qualified independent 
testing agency to inspect and test all structural steel work for compliance 
with Contract Documents. 

2. Contractor responsible for testing to qualify shop and field welders and as 
needed for Contractor's own quality control to ensure compliance with 
Contract Documents. 

3. Independent testing agency shall have a minimum of five (5) years 
performing similar work and shall be subject to Owner's approval. 

D. Responsibilities of Testing Agency: 

1. Inspect shop and field welding in accordance with AWS Code including the 
following non-destructive testing: 

a. Visually inspect all welds. 

b. In addition to visual inspection, test 50 PCT of full penetration welds and 
20 PCT of fillet welds with liquid dye penetrant or mag particle. 

c. Test 20 PCT of liquid dye penetrant tested full penetration welds with 
ultrasonic or radiographic testing. 

2. Inspect high-strength bolting in accordance with the RCSC Specification for 
Structural Joints Using High-Strength Bolts, Section 9. 

a. Verify direct tension indicator gaps, if applicable. 

3. Inspect structural steel which has been erected. 

4. Inspect stud welding in accordance with AWS Code. 

5. Prepare and submit inspection and test reports to Engineer. 

a. Assist Engineer to determine corrective measures necessary for 
defective work. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Provide items to be built into other construction in time to allow their installation. 

1. If such items are not provided in time for installation, cut in and install. 

B. Prior to installation, inspect and verify condition of substrate. 

C. Correct surface defects or conditions which may interfere with or prevent a 
satisfactory installation. 
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1. Field welding aluminum is not permitted unless approved in writing by 
Engineer. 

3.2 INSTALLATION 

A. Set metal work level, true to line, plumb. 

1. Shim and grout as necessary. 

B. Contractor is solely responsible for safety. 

1. Construction means and methods and sequencing of work is the prerogative 
of the Contractor. 

2. Take into consideration that full structural capacity of many structural 
members is not realized until structural assembly is complete; e.g., until 
slabs, decks, and diagonal bracing or rigid connections are installed. 

3. Partially complete structural members shall not be loaded without an 
investigation by the Contractor. 

4. Until all elements of the permanent structure and lateral bracing system are 
complete, temporary bracing for the partially complete structure will be 
required. 

C. Adequate temporary bracing to provide safety, stability and to resist all loads to 
which the partially complete structure may be subjected, including construction 
activities and operation of equipment is the responsibility of the Contractor. 

1. Plumb, align, and set structural steel members to specified tolerances. 

2. Use temporary guys, braces, shoring, connections, etc., necessary to 
maintain the structural framing plumb and in proper alignment until 
permanent connections are made, the succeeding work is in place, and 
temporary work is no longer necessary. 

3. Use temporary guys, bracing, shoring, and other work to prevent injury or 
damage to adjacent work or construction from stresses due to erection 
procedures and operation of erection equipment, construction loads, and 
wind. 

4. Contractor shall be responsible for the design of the temporary bracing 
system and must consider the sequence and schedule of placement of such 
elements and effects of loads imposed on the structural steel members by 
partially or completely installed work, including work of all other trades. 

a. If not obvious from experience or from the Drawings, confer with the 
Engineer to identify those structural steel elements that must be 
complete before the temporary bracing system is removed. 

5. Remove and dispose of all temporary work and facilities off-site. 

D. Examine work-in-place on which specified work is in any way dependent to 
ensure that conditions are satisfactory for the installation of the work. 
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1. Report defects in work-in-place which may influence satisfactory completion 
of the work. 

2. Absence of such notification will be construed as acceptance of work-in-
place. 

E. Field Measurement: 

1. Take field measurements as necessary to verify or supplement dimensions 
indicated on the Drawings. 

2. Contractor responsible for the accurate fit of the work. 

F. Check the elevations of all finished footings or foundations and the location and 
alignment of all anchor bolts before starting erection. 

1. Use surveyor's level. 

2. Notify Engineer of any errors or deviations found by such checking. 

G. Framing member location tolerances after erection shall not exceed the frame 
tolerances listed in the FIELD QUALITY CONTROL Article in PART 3 of this 
Specification Section. 

H. Erect plumb and level; introduce temporary bracing required to support erection 
loads. 

I. Use light drifting necessary to draw holes together. 

1. Drifting to match unfair holes is not allowed. 

J. Welding: 

1. Conform to AWS D1.1 and requirements of the FABRICATION Article in 
PART 2 of this Specification Section. 

2. When joining two (2) sections of steel of different ASTM designations, 
welding techniques shall be in accordance with a qualified AWS D1.1 
procedure. 

K. Shore existing members when unbolting of common connections is required. 

1. Use new bolts for rebolting connections. 

L. Clean stored material of all foreign matter accumulated prior to the completion 
of erection. 

M. Bolt Field Connections:  Where practicable, conceal fastenings. 

N. Field Welding: 

1. Follow AWS procedures. 

2. Grind welds smooth where field welding is required. 

O. Field cutting grating or checkered plate to correct fabrication errors is not 
acceptable. 

1. Replace entire section. 
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P. Remove all burrs and radius all sharp edges and corners of miscellaneous 
plates, angles, framing system elements, etc. 

Q. Unless noted or specified otherwise: 

1. Connect steel members to steel members with 3/4 IN DIA ASTM F3125, 
Grade A325 high strength bolts. 

2. Connect aluminum to aluminum with 3/4 IN DIA stainless bolts. 

3. Connect aluminum to structural steel using 3/4 IN DIA stainless steel bolts. 

a. Provide dissimilar metals protection. 

4. Connect aluminum and steel members to concrete and masonry using 
stainless steel mechanical anchor bolts or adhesive anchor bolts unless 
shown otherwise. 

a. Provide dissimilar materials protection. 

5. Provide washers for all bolted connections. 

6. Where exposed, bolts shall extend a maximum of 3/4 IN and a minimum of 
1/2 IN above the top of installed nut. 

a. If bolts are cut off to required maximum height, threads must be dressed 
to allow nuts to be removed without damage to the bolt or the nuts. 

R. Install and tighten ASTM F3125, Grade A325 high-strength bolts in accordance 
with the AISC 325, Allowable Stress Design (ASD). 

1. Provide hardened washers for all Grade A325 bolts. 

a. Provide the hardened washer under the element (nut or bolt head) 
turned in tightening. 

S. After bolts are tightened, upset threads of ASTM A307 bolts or anchor bolts to 
prevent nuts from backing off. 

T. Secure metal to wood with lag screws of adequate size with appropriate 
washers. 

U. Do not field splice fabricated items unless said items exceed standard shipping 
length or change of direction requires splicing. 

1. Provide full penetration welded splices where continuity is required. 

V. Provide each fabricated item complete with attachment devices as indicated or 
required to install. 

W. Anchor such that work will not be distorted nor fasteners overstressed from 
expansion and contraction. 

X. Set beam and column base plates accurately on nonshrink grout as indicated 
on Drawings. 

1. See Division 03 Specification Sections for non-shrink grout and anchorage. 

2. Set and anchor each base plate to proper line and elevation. 
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a. Use metal wedges, shims, or setting nuts for leveling and plumbing 
columns and beams. 

1) Wedges, shims and setting nuts to be of same metal as base plate 
they support. 

2) Tighten nuts on anchor bolts. 

b. Fill space between bearing surface and bottom of base plate with 
nonshrink grout. 

1) Fill space until voids are completely filled and base plates are fully 
bedded on wedges, shims, and grout. 

c. Do not remove wedges or shims. 

1) Where they protrude, cut off flush with edge of base plate. 

d. Fill sleeves around anchor bolts solid with non-shrink grout. 

Y. Tie anchor bolts in position to embedded reinforcing steel using wire. 

1. Tack welding prohibited. 

a. Coat projecting bolt threads and nuts with heavy coat of clean grease. 

2. Anchor bolt location tolerance: 

a. Per Section 03 15 19. 

Z. Install bollards as detailed on Drawings. 

1. Fill pipe with concrete and round off at top. 

AA. Provide abrasive stair nosings in each tread and landing of all concrete 
stairs and at each concrete stair landing having metal stair structure attaching 
to the concrete landing. 

1. Center stair nosings in stair width. 

BB. Accurately locate and place frames for openings before casting into floor 
slab so top of plate is flush with surface of finished floor. 

1. Keep screw holes clean and ready to receive screws. 

CC. Attach grating to end and intermediate supports with grating saddle clips 
and bolts. 

1. Maximum spacing:  2 FT OC with minimum of two (2) per side. 

2. Attach individual units of aluminum grating together with clips at 2 FT OC 
maximum with a minimum of two (2) clips per side. 

DD. Coat aluminum surfaces in contact with dissimilar materials in accordance 
with Specification Section 09 91 10. 

EE. Repair damaged galvanized surfaces in accordance with ASTM A780. 

1. Prepare damaged surfaces by abrasive blasting or power sanding. 

2. Apply galvanizing repair paint to minimum 6 mils DFT in accordance with 
manufacturer's instructions. 



WHCRWA 

METAL FABRICATIONS CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
METAL FABRICATIONS 

05 50 00 - 25 OF 26 

FF.Anchor ladder to concrete structure with minimum 3/4 IN stainless steel anchor 
bolts with minimum 6 IN embedment. 

GG. Anchor ladder to masonry structure with minimum 3/4 IN stainless steel 
anchor bolts with minimum 6 IN embedment. 

1. When anchoring into masonry, fill masonry cores with grout at anchor 
locations and each masonry core within 8 IN of anchor 

2. When anchoring into cavity wall construction, provide minimum 6 IN 
embedment into concrete or masonry back-up wall. 

a. At each anchor location, provide sleeve between back face of veneer 
and cavity face of concrete or masonry back-up wall. 

b. Cut cavity insulation as required and seal around sleeve. 

1) Sleeve to be 1 IN DIA schedule 40 stainless steel tubing, TP-304L, 
ASTM A269. 

a) Minimum wall thickness to be .065 IN. 

2) Continuously weld 4 by 4 by 1/4 IN Type 304 stainless steel, ASTM 
A666 flange onto each end of pipe. 

a) Drill 1 IN hole in flange to match pipe. 

b) Attach sleeve to concrete or masonry back-up with 1/4 IN 
concrete screw anchors. 

3) Grout solid, area around bolt where bolt penetrates veneer. 

4) Accurately locate sleeves to align with bolt locations on ladder. 

HH. Install ladder safety extension post in accordance with manufacturer's 
instructions. 

1. Mount device opposite the climbing side. 

2. Provide ladder safety extension device for all ladders unless noted 
otherwise. 

II. Mount ladder fall protection system with rail offset from ladder side rail 
approximately 3 IN. 

JJ. Install factory pre-fabricated stairs in location indicated in the Contract 
Documents and approved submittals. 

3.3 FIELD QUALITY CONTROL 

A. Tolerances shall meet structural requirements of Specification Section 05 12 00 
for erecting items of structural nature. 

B. Tolerances (unless otherwise noted on the Drawings): 

1. Frame placement, after assembly and before welding or tightening. 

a. Deviation from plumb, level and alignment:  1 IN 500, maximum. 

b. Displacement of centerlines of columns:  1/2 IN maximum, each side of 
centerline location shown on Drawings. 
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c. Displacement of centerlines of columns:  1/2 IN maximum, each side of 
centerline location shown on Drawings. 

C. OWNER Pays for Field Inspection and Testing: 

1. Owner will employ and pay for services of an independent testing agency to 
inspect and test structural steel shop and field work for compliance with this 
Specification Section. 

2. Contractor provides sufficient notification and access so inspection and 
testing can be accomplished. 

3. Contractor pays for retesting of failed tests and for additional testing 
required when defects are discovered. 

3.4 CLEANING 

A. After fabrication, erection, installation or application, clean all miscellaneous 
metal fabrication surfaces of all dirt, weld slag and other foreign matter. 

B. All stainless steel products in addition to Paragraph A. above: 

1. Remove all heat tint, rusting, discoloration by passivation, ASTM A380, or 
other acceptable means as listed in NiDI 11 007 as approved by the 
Engineer. 

C. Provide surface acceptable to receive field applied paint coatings specified in 
Specification Section 09 91 10. 

END OF SECTION
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SECTION 05 52 02 

ALUMINUM RAILINGS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Aluminum handrail, stair rail and guardrail. 

2. Aluminum guardrail gates. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 05 50 00 - Metal Fabrications. 

4. Section 09 91 00 - Painting and Protective Coatings 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Aluminum Association (AA): 

a. ADM 1, Aluminum Design Manual. 

2. American Society of Mechanical Engineers (ASME): 

a. Section IX, Qualification Standard for Welding and Brazing Procedures, 
Welders, Brazers, and Welding and Brazing Operators. 

3. ASTM International (ASTM): 

a. B108, Standard Specification for Aluminum-Alloy Permanent Mold 
Castings. 

b. B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet 
and Plate. 

c. B221, Standard Specification for Aluminum and Aluminum-Alloy 
Extruded Bars, Rods, Wire, Profiles, and Tubes. 

d. B247, Standard Specification for Aluminum and Aluminum-Alloy Die 
Forgings, Hand Forgings, and Rolled Ring Forgings. 

e. B308, Standard Specification for Aluminum-Alloy 6061-T6 Standard 
Structural Profiles. 

f. B429, Standard Specification for Aluminum-Alloy Extruded Structural 
Pipe and Tube. 

4. American Welding Society (AWS): 

a. C5.5, Recommended Practices for Gas Tungsten Arc Welding. 

b. D1.2, Structural Welding Code - Aluminum. 
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5. National Association of Architectural Metal Manufacturers (NAAMM): 

a. AMP 521, Pipe Railing Systems Manual. 

6. U.S.  Department of Justice, Architectural and Transportation Barriers 
Compliance Board (Access Board): 

a. Americans with Disabilities Act (ADA): 

1) Accessibility Guidelines for Buildings and Facilities (ADAAG). 

7. Occupational Safety and Health Administration (OSHA): 

a. 29 CFR 1910, Occupational Safety and Health Standards, referred to 
herein as OSHA Standards. 

8. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

B. Qualifications: 

1. Qualify welding procedures and welding operators in accordance with AWS 
and ASME Section IX. 

1.3 DEFINITIONS 

A. Guardrail:  A system of building components located near the open sides of 
elevated walking surfaces for the purpose of minimizing the possibility of an 
accidental fall from the walking surface to the lower level. 

B. Handrail:  A horizontal or sloping rail intended for grasping by the hand for 
guidance or support. 

C. Railing:  A generic term referring to guardrail, handrail and/or stair rails. 

D. Stair Rail:  A guardrail, installed at the open side of stairways with either a 
handrail mounted to the inside face of the guardrail, or where allowed by 
applicable codes, with the top rail mounted at handrail height and serving the 
function of a handrail. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Fabrication and/or layout drawings: 

a. Drawings showing profile, location, sections and fabrication details 
including all welding information of each railing. 

b. Type and details of anchorage. 

c. Location and type of expansion joints. 

d. Materials of construction, shop coatings and all third-party accessories. 
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3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation details. 

4. Certification that railings have been designed and fabricated to meet the 
loading requirements specified. 

5. Calculations for all proposed deviations from the Specification. 

a. Calculations shall be performed, sealed, signed and dated by a 
registered professional structural engineer licensed in the State of Texas. 

b. Calculations shall be specific to this Project and shall include all 
assumptions, references and design interpretations used to achieve the 
results obtained by the Engineer. 

c. Reduction in load criteria is not acceptable as reason for deviation from 
sizes indicated in the Specification. 

B. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Certification of welders and welding procedures indicating compliance with 
AWS requirements. 

1.5 DELIVERY, STORAGE AND HANDLING 

A. Deliver and handle railings to preclude damage. 

B. Store railings on skids, keep free of dirt and other foreign matter which will 
damage railings or finish and protect against corrosion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Mechanically fastened component railing systems. 

a. J.  G.  Braun. 

b. Hollaender Railing Systems. 

c. Moultrie Manufacturing Company (Wesrail). 

d. Tuttle Railing Systems 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Alloy 6061-T6, 32,000 PSI tensile yield strength minimum. 

1. ASTM B209 for sheets and plates. 
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2. ASTM B221 and ASTM B308 for shapes - beams, channels, angles, tees, 
and zees. 

3. ASTM B247 for forgings. 

B. Alloy 6063-T5 or T6, 15,000 PSI tensile yield strength minimum. 

1. ASTM B221 and ASTM B429 for bars, rods, wires, pipes and tubes. 

C. Cast Fittings:  Aluminum, ASTM B108. 

D. Shims:  Aluminum of same alloy as component being shimmed. 

E. Fasteners:  See Specification Section 05 50 00. 

F. Expansion and Adhesive Anchors:  See Specification Section 03 15 19. 

G. Electrodes for Welding: 

1. Aluminum:  AWS D1.2. 

2. Filler alloy 5356 or 4043. 

2.3 FABRICATION 

A. General: 

1. Verify field conditions and dimensions prior to fabrication. 

2. For fabrication of items which will be exposed to view, use only materials 
which are smooth and free of surface blemishes including pitting, seam 
marks, roller marks, rolled trade names and roughness. 

a. Remove blemishes by grinding and buffing or by welding and grinding, 
prior to cleaning, treating and application of surface finishes. 

3. Form exposed work with smooth, short radius bends, accurate angles and 
straight edges. 

a. Ease exposed edges to a radius of approximately 1/32 IN. 

b. Form bent-metal corners to smallest radius possible without causing 
grain separation or otherwise impairing work. 

c. Drill or punch holes with smooth edges. 

4. Form exposed connections with flush, smooth, hairline joints, using stainless 
steel or aluminum splice locks to splice sections together or by welding. 

a. Ease the edges of top rail splices and expansion joints and remove all 
burrs left from cutting. 

5. Provide for anchorage of type indicated on Drawings or as required by field 
conditions. 

a. Drill or punch holes with smooth edges. 

6. Design railings and anchorage system in accordance with NAAMM AMP 
521 to resist loading as required by Building Code. 

a. Maximum allowable stresses per AA ADM 1. 



WHCRWA 

ALUMINUM RAILINGS CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
ALUMINUM RAILINGS 

05 52 02 - 5 OF 10 

7. Design railings in accordance with accessibility requirements per the 
Building Code and  ADAAG. 

B. Custom fabricate railings to dimensions and profiles indicated. 

1. Guardrails: 

a. Schedule 40 pipe. 

b. Top rails:  2 IN nominal diameter. 

c. Intermediate rails:  1-1/2 IN nominal diameter. 

d. Vertical posts: 

1) 2 IN nominal diameter. 

2) Vertical posts that are to be side-bracket mounted to a vertical 
concrete surface or metal structure shall use Alloy 6063-T6. 

2. Handrail mounted to wall or to guardrail vertical posts:  1-1/4 IN nominal 
diameter Schedule 40 pipe. 

3. Where details are not indicated, space intermediate rails to requirements of 
the Building Code or OSHA Standards, whichever requires the more 
restrictive design. 

4. Space vertical posts as required by loading requirements but not more than 
4 FT on center. 

a. Avoid locating vertical posts at changes in direction of railing. 

b. Hold vertical post back from corner and provide radiused corners. 

5. Space handrail brackets as required by loading requirements but not more 
than 4 FT on center. 

6. Base plate for vertical guardrail posts mounted to top of concrete surface: 

a. 3/8 x 6 x 6 IN square plate. 

b. Predrilled to accept four (4) anchors. 

c. Provide a 2 IN DIA x 8 IN long solid aluminum rod welded to the base 
plate. 

d. Fit the vertical post over the solid rod and weld the post to the base 
plate. 

7. Base plate for vertical guardrail post mounted to flange of metal structure: 

a. 3/8 x 3 x 8 IN plate. 

b. Predrilled to accept two (2) fasteners. 

c. Provide a 2 IN DIA x 8 IN long solid aluminum rod welded to the base 
plate. 

d. Fit the vertical post over the solid rod and weld the post to the base 
plate. 

8. Mounting bracket for vertical guardrail post mounted to vertical concrete 
surface or web of metal structural member: 

a. Pair of 3/8 IN angles or bent plates. 
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b. Predrilled to accept two (2) fasteners each. 

c. Weld angles or bent plates to vertical posts. 

d. Provide toeboards on walkway side of all elevated walkways, platforms 
and stair landings, and where indicated on the Drawings or required by 
OSHA Standards. 

1) 4 IN high extruded toeboard with stiffener ribs and angled toe. 

a) Similar to Wagner, Model "IR94102." 

e. Guardrail gates: 

1) Constructed of same material and sizes as the guardrail system. 

2) Width of gate as shown on Drawings. 

3) Hinges: 

a) Cast aluminum. 

b) Self-closing. 

(1) Stainless steel torsion spring. 

c) Similar to Wagner, Model "IR100." 

4) Gate latch and stop: 

a) Cast aluminum. 

b) Spring-loaded pin latch. 

(1) Stainless steel spring. 

c) Similar to Wagner, Model "IR101." 

C. Railing Fabrication: 

1. All railings are to be mechanically fastened component system. 

2. Railing system shall be an engineered system designed specifically for use 
as guardrail system. 

a. Fittings shall be internally connected, flush-fitting aluminum or stainless 
steel. 

b. Fasteners shall be 302 series stainless steel Allen head set screws. 

1) Rivets, adhesive or headed screws are not acceptable. 

3. Fit exposed ends of guardrails and handrails with solid terminations. 

a. Return ends of handrail to wall, but do not attach to wall. 

b. Where guardrail terminates at a wall, provide a vertical post or end-loop 
4 IN off the wall to center of vertical member. 

4. Preassemble items in shop to greatest extent possible to minimize field 
splicing and assembly of units at project site. 

5. Install weeps to drain water from hollow sections of railing at exterior and 
high humidity conditions. 

a. Drill 1/4 IN weep hole in railings closed at bottom: 
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1) 1 IN above walkway surface at bottom of posts set in concrete. 

2) 1 IN above solid aluminum rod at posts having base plate. 

3) At low point of intermediate rails. 

b. Do not drill weep holes: 

1) In bottom of base plate. 

6. Expansion joints: 

a. Joints to be designed to allow expansion and contraction of railing and 
still meet design loads required. 

1) Top rail splices and expansion joints shall be located within 8 IN of 
post or other support. 

b. Provide expansion joints in any continuous run exceeding 20 FT in 
length. 

1) Space expansion joints at not more than 40 FT on center. 

c. Provide minimum 0.10 IN of expansion joint for each 20 FT length of top 
rail for each 25 DegF differential between installation temperature and 
maximum design temperature. 

1) Maximum expansion joint width at time of installation shall not exceed 
3/8 IN. 

a) Provide additional expansion joints as required to limit expansion 
joint width. 

d. Provide slip-joint with internal sleeve. 

1) Extend slip joint min 2 IN beyond joint at maximum design width. 

2) Fasten internal sleeve securely to one side 

a) Provide allen-head set screw located in bottom of rail. 

b) Rivets or exposed screw heads are not acceptable. 

D. Finish:  Mill. 

1. Powder Coated: 

a. PVDF powder coating:   

1) Minimum 70 PCT resin content. 

2) Meet requirements of AAMA 2605. 

b. ColorTo be selected by the Owner.  

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Prior to installation, inspect and verify condition of substrate. 

B. Correct surface defects or conditions which may interfere with or prevent a 
satisfactory installation. 
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1. Field welding aluminum is not permitted unless approved in writing by 
Engineer. 

3.2 INSTALLATION 

A. Install handrails and guardrails to meet loading requirements of the Building 
Code. 

B. Install products in accordance with manufacturer's instructions. 

C. Set work accurately in location, alignment and elevation; plumb, level and true. 

1. Measure from established lines and items which are to be built into 
concrete, masonry or similar construction. 

D. Align railings prior to securing in place to assure proper matching at butting and 
expansion joints and correct alignment throughout their length. 

1. Provide shims as required. 

E. Install proper sized expansion joints based on temperature at time of installation 
and differential coefficient of expansion of materials in all railings as 
recommended by manufacturer. 

1. Lubricate expansion joint splice bar for smooth movement of railing sections. 

F. Provide removable railing sections where indicated on Drawings. 

G. Attach handrails to walls or guardrail with brackets designed for condition: 

1. Provide brackets which provide a minimum 1-1/2 IN clearance between 
handrail and nearest obstruction. 

a. Handrails shall not project more than 4-1/2 IN into required stairway 
width. 

2. Anchor handrail brackets to concrete or masonry walls with 1/2 IN stainless 
steel adhesive anchors with stainless steel hex head bolts. 

H. Anchor railings to concrete with minimum 1/2 IN stainless steel adhesive 
anchors with stainless steel bolts, nuts and washers unless noted otherwise in 
the Contract Documents. 

1. Where exposed, bolts shall extend minimum 1/2 IN and maximum 3/4 IN 
above the top nut. 

a. If bolts are cut off to required height, threads must be dressed to allow 
nuts to be removed without damage to the bolt or the nut. 

b. Bevel the top of the bolt after cutting to provide a smooth surface. 

I. Anchor railings to metal structure with minimum 3/4 IN stainless steel bolts, nuts 
and washers. 

J. Install toeboards to fit tight to the walking surface. 

1. Attach to railing vertical post with manufacturer's standard mounting clamp: 

a. Adjustable. 
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b. Designed to engage in extruded slot on back of toeboard. 

2. Provide splice bars, corner splices and brackets: 

a. Manufacturer's standard items as required for a complete installation. 

3. Notch toeboards at base plates or other obstructions. 

4. Bottom of toeboard shall not exceed 1/4 IN above walking surface. 

K. Coat aluminum in contact with dissimilar metal or concrete in accordance with 
Specification Section 09 91 00. 

L. Provide railings as required for stair construction identified in Specification 
Section 05 50 00. 

M. Install guardrail gate plumb and level in location shown on Drawings. 

1. Center gate in opening. 

2. Top of gate to match top of guardrail. 

3. Fasten hinges to gate and jamb post: 

a. Minimum three (3) 1/4 IN stainless steel countersunk machine screws 
per leaf. 

b. Drill and tap into railing and gate vertical posts. 

4. Provide not less than two (2) hinges per gate. 

5. Install gate latch and stop on strike side of opening. 

a. Fasten to gate with 1/4 IN stainless steel countersunk machine screws. 

b. Drill and tap into gate vertical post. 

c. Drill hole in railing vertical post to receive latch pin. 

6. Adjust to provide smooth operation: 

a. Self-closing and self-latching. 

END OF SECTION
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SECTION 05 52 05 

STEEL RAILINGS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Steel handrail, stair rail and guardrail. 

2. Steel guardrail gates. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 05 50 00 - Metal Fabrications. 

4. 09 91 00 - Painting and Protective Coatings. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. U.S.  Department of Justice, Architectural and Transportation Barriers 
Compliance Board (Access Board): 

a. Americans with Disabilities Act (ADA): 

1) Accessibility Guidelines for Buildings and Facilities (ADAAG). 

2. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Welded and Seamless. 

c. A123/A123M, Standard Specification for Zinc (Hot-Dip Galvanized) 
Coatings on Iron and Steel Products. 

d. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron 
and Steel Hardware. 

e. A501, Standard Specification for Hot-Formed Welded and Seamless 
Carbon Steel Structural Tubing. 

3. American Welding Society (AWS): 

a. D1.1, Structural Welding Code - Steel. 

4. National Association of Architectural Metal Manufacturers (NAAMM): 

a. AMP 521, Pipe Railing Systems Manual. 

5. Occupational Safety and Health Administration (OSHA): 

a. 29 CFR 1910, Occupational Safety and Health Standards, referred to 
herein as OSHA Standards. 
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6. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

B. Qualify welding procedures and welding operators in accordance with AWS. 

1.3 DEFINITIONS 

A. Hardware:  As defined in ASTM A153/A153M. 

B. Galvanizing:  Hot-dip galvanizing per ASTM A123/A123M or ASTM 
A153/A153M with minimum coating of 2.0 OZ of zinc per square foot of metal 
(average of specimens) unless noted otherwise or dictated by standard. 

C. Guardrail:  A system of building components located near the open sides of 
elevated walking surfaces for the purpose of minimizing the possibility of an 
accidental fall from the walking surface to the lower level. 

D. Handrail:  A horizontal or sloping rail intended for grasping by the hand for 
guidance or support. 

E. Railing:  A generic term referring to guardrail, handrail and/or stair rails. 

F. Stair Rail:  A guardrail, installed at the open side of stairways with either a 
handrail mounted to the inside face of the guardrail, or where allowed by 
applicable codes, with the top rail mounted at handrail height and serving the 
function of a handrail. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Fabrication and/or layout drawings. 

a. Plan showing profile, location, section and details of each railing, and 
type and details of anchorage system. 

b. Location and type of expansion joints. 

c. Materials of construction including shop-applied coatings. 

3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

B. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Certification of welders and welding procedures indicating compliance with 
AWS. 
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3. Certification that railings have been designed and fabricated to meet the 
loading requirements specified.  To be signed and sealed by a structural 
engineer licensed to practice in the state of Texas. 

1.5 DELIVERY, STORAGE AND HANDLING 

A. Deliver and handle railings to preclude damage. 

B. Store railings on skids, keep free of dirt and other foreign matter which will 
damage railings or finish and protect from corrosion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Welded railing systems: 

a. Any manufacturer meeting this Specification Section. 

2. Galvanizing repair paint: 

a. ZRC Products. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Pipe:  ASTM A53, Types E or S, Grade B, or ASTM A501. 

B. Steel Sheet, Bar (Pickets) and Plate:  ASTM A36. 

C. Galvanizing Repair Paint: 

1. High zinc dust content paint for regalvanizing welds and abrasions. 

2. Dried film shall contain not less than 95 PCT zinc dust by weight. 

3. ZRC Products "ZRC." 

D. Expansion and Adhesive Anchors:  See Specification Section 05 50 00. 

E. Welding Electrodes:  AWS D1.1, E70 Series. 

2.3 FABRICATION 

A. General: 

1. Verify field conditions and dimensions prior to fabrication. 

2. For fabrication of items which will be exposed to view, use only materials 
which are smooth and free of surface blemishes including pitting, seam 
marks, roller marks, rolled trade names and roughness. 

a. Remove blemishes by grinding and buffing or by welding and grinding, 
prior to cleaning, treating and application of surface finishes. 
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3. Form exposed work with smooth, short radius bends, accurate angles and 
straight edges. 

a. Ease exposed edges to a radius of approximately 1/32 IN. 

b. Form bent-metal corners to smallest radius possible without causing 
grain separation or otherwise impairing work. 

4. Form exposed connections with flush, smooth, hairline joints, using 
galvanized steel splice locks to splice sections together or by welding. 

5. Provide for anchorage of type indicated on the Drawings or as required by 
field conditions. 

a. Drill or punch holes with smooth edges. 

6. Design railing and anchorage system in accordance with NAAMM AMP 521 
to withstand loading as required by Building Code. 

7. Design railings in accordance with accessibility requirements per the 
Building Code and ADAAG. 

B. Custom fabricate pipe railings to dimensions and profiles indicated. 

1. Guardrails: 

a. 1-1/2 IN nominal diameter pipe. 

b. Top rails and intermediate rails:  Schedule 40. 

c. Vertical posts:  Schedule 80. 

2. Handrails mounted to walls or guardrail vertical posts:  1-1/4 IN nominal 
diameter Schedule 40 pipe. 

3. Where details are not indicated, space intermediate rails to requirements of 
the Building Code or OSHA Standards, whichever requires the more 
restrictive design. 

4. Space vertical posts as required by loading requirements but not more than 
4 FT OC. 

a. Avoid locating vertical posts at changes in direction of railing. 

b. Hold vertical post back from corner and provide radiused corners. 

5. Space handrail brackets as required by loading requirements but not more 
than 4 FT OC. 

6. Base plate for vertical guardrail posts mounted to top of concrete surface: 

a. 3/8 x 6 x 6 IN square plate welded to the vertical post. 

b. Predrilled to accept four anchors. 

7. Base plate for vertical guardrail post mounted to metal structure: 

a. 3/8 x 2-1/2 x 8 IN plate welded to the vertical post. 

b. Predrilled to accept two fasteners. 

8. Mounting bracket for vertical guardrail post mounted to vertical concrete 
surface or web of metal structural member: 
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a. Pair of 3/8 IN angles or bent plates welded to vertical posts. 

b. Predrilled to accept two fasteners each. 

c. Provide 1/4 x 4 IN high toe boards at elevated walkways and platforms, 
where indicated on the Drawings or required by OSHA Standards. 

1) Clearance between bottom of toe board and walking surface shall not 
exceed 1/4 IN. 

d. Guardrail gates: 

1) Constructed of same material and sizes as the guardrail system. 

2) Width of gate as shown on Drawings. 

3) Hinges: 

a) Self-closing. 

(1) Stainless steel torsion spring. 

b) Similar to Wagner, Model "IR100." 

4) Gate latch and stop: 

a) Spring-loaded pin latch. 

(1) Stainless steel spring. 

b) Similar to Wagner, Model "IR101." 

C. Welded Railing Fabrication: 

1. All welding to be continuous in accordance with AWS D1.1. 

a. All welded railing joints shall have full penetration welds. 

2. All exposed welds to be ground and buffed smooth and flush to match and 
blend with adjoining surfaces. 

a. NAAMM AMP 521, Type 2. 

3. No ragged edges, surface defects, or undercutting of adjoining surfaces will 
be accepted. 

4. Fit exposed ends of guardrails and handrails with solid terminations. 

a. Return ends of handrails to wall but do not attach to wall. 

5. Preassemble items in shop to greatest extent possible to minimize field 
splicing and assembly of units at project site. 

D. Install weeps to drain moisture from hollow sections of railing at exterior 
locations and in high humidity areas. 

1. Drill 1/4 IN weep hole in railings closed at bottom: 

a. 1 IN above walkway surface at bottom of posts. 

1) 1 IN above solid rod at removable railing sections. 

b. At low point of intermediate rails. 

c. Drill hole prior to galvanizing. 

d. Do not drill weep holes: 
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1) In bottom of base plate. 

E. Expansion Joints: 

1. Joints to be designed to allow expansion and contraction of railing and still 
meet design loads required. 

a. Top rail splices and expansion joints shall be located within 8 IN of post 
or other support. 

b. Where railings span building expansion joints; provide a railing 
expansion joint in the span crossing the building expansion joint. 

2. Provide expansion joints in any continuous run exceeding 20 FT in length. 

a. Space expansion joints at not more than 40 FT on center. 

3. Provide minimum 0.10 IN of expansion joint for each 20 FT length of top rail 
for each 25 DegF differential between installation temperature and 
maximum design temperature. 

a. Maximum expansion joint width at time of installation shall not exceed 
3/8 IN. 

1) Provide additional expansion joints as required to limit expansion joint 
width. 

4. Provide slip-joint with internal sleeve. 

a. Extend slip joint min 2 IN beyond joint at maximum design width. 

b. Fasten internal sleeve securely to one side 

1) Provide allen-head set screw located in bottom of rail. 

2) Rivets or exposed screw heads are not acceptable. 

F. Finish: 

1. Hot-dip galvanize after fabrication. 

2. Powder coated: 

a. Hot-dip galvanize after fabrication. 

b. Prepare galvanized surfaces in accordance with ASTM D6386. 

c. PVDF powder coating: 

1) Minimum 70 PCT resin content. 

2) Meet requirements of AAMA 2605. 

d. Color:  To be selected by the Owner. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Prior to installation, inspect and verify condition of substrate. 

B. Correct surface defects or conditions which may interfere with or prevent a 
satisfactory installation. 
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3.2 INSTALLATION 

A. Install handrails and guardrails to meet loading requirements of the Building 
Code. 

B. Install products in accordance with NAAMM AMP 521 and manufacturer's 
instructions. 

C. Set work accurately in location, alignment and elevation; plumb, level, and true. 

1. Measure from established lines and items which are to be built into 
concrete, masonry or similar construction. 

D. Align railings prior to securing in place to assure proper matching at butting and 
expansion joints and correct alignment throughout their length. 

1. Provide shims as required. 

E. Install proper sized expansion joints based on temperature at time of installation 
and differential coefficient of expansion of materials in all railings as 
recommended by manufacturer. 

1. Lubricate expansion joint splice bar for smooth movement of railing sections. 

F. Provide removable railing sections where indicated on Drawings. 

G. Attach handrails to walls or guardrails with brackets designed for condition. 

1. Provide brackets which provide a minimum 1-1/2 IN clearance between 
handrail and nearest obstruction. 

a. Handrails shall not project more than 4-1/2 IN into required stairway 
width. 

2. Anchor handrail brackets to concrete or masonry walls with 1/2 IN stainless 
steel adhesive anchors and stainless steel hex head bolts. 

H. Anchor railings to concrete with minimum 1/2 IN stainless steel adhesive 
anchors with stainless steel bolts, nuts and washers unless noted otherwise in 
the Contract documents. 

1. Where exposed, bolts shall extend minimum 1/2 IN and maximum 3/4 IN 
above the top nut. 

a. If bolts are cut off to required height, threads must be dressed to allow 
nuts to be removed without damage to the bolt or the nut. 

b. Bevel the top of the bolt after cutting to provide a smooth surface. 

I. Anchor railings to metal structure with minimum 3/4 IN stainless steel bolts, nuts 
and washers. 

J. Install toeboards to fit tight to the walking surface. 

1. Attach to railing vertical post with manufacturer's standard mounting clamp: 

a. Adjustable. 

b. Designed to engage in extruded slot on back of toeboard. 
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2. Provide splice bars, corner splices and brackets: 

a. Manufacturer's standard items as required for a complete installation. 

3. Notch toeboards at base plates or other obstructions. 

4. Bottom of toeboard shall not exceed 1/4 IN above walking surface. 

K. Repair damaged galvanized surfaces in accordance with ASTM A780. 

1. Properly prepare surface in accordance with galvanizing repair paint 
manufacturer's recommendations. 

2. Apply minimum 6 MILS DFT of galvanizing repair paint in accordance with 
manufacturer's recommendations. 

L. Prepare and paint railings in accordance with Specification Section 09 91 00. 

M. Provide railings as required for stair construction identified in Specification 
Section 05 50 00. 

N. Install guardrail gate plumb and level in location shown on Drawings. 

1. Center gate in opening. 

2. Top of gate to match top of guardrail. 

3. Fasten hinges to gate and jamb post: 

a. Minimum three, 1/4 IN stainless steel countersunk machine screws per 
leaf. 

b. Drill and tap into railing and gate vertical posts. 

4. Provide not less than two hinges per gate. 

5. Install gate latch and stop on strike side of opening. 

a. Fasten to gate with 1/4 IN stainless steel countersunk machine screws. 

b. Drill and tap into gate vertical post. 

c. Drill hole in railing vertical post to receive latch pin. 

6. Adjust to provide smooth operation: 

a. Self-closing and self-latching. 

END OF SECTION
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SECTION 06 10 00 

ROUGH CARPENTRY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Rough carpentry. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 05 50 00 - Metal Fabrications. 

4. Section 07 61 13 - Metal Roofing. 

5. Section 07 62 00 - Flashing and Sheet Metal. 

6. Section 07 92 00 - Joint Sealants. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. The Engineered Wood Association (APA): 

a. PRP-108, Performance Standards and Qualification Policy for Structural 
Use Panels. 

b. U450E, Storage and Handling of APA Trademarked Panels. 

c. Y510T, Plywood Design Specification. 

2. ASTM International (ASTM): 

a. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron 
and Steel Hardware.  

b. D2898, Standard Practice for Accelerated Weathering of Fire-Retardant-
Treated Wood for Fire Testing. 

c. D4442, Standard Test Methods for Direct Moisture Content 
Measurement of Wood and Wood-Base Materials. 

d. D4444, Standard Test Method for Laboratory Standardization and 
Calibration of Hand-Held Moisture Meters. 

e. E84, Standard Test Method for Surface Burning Characteristics of 
Building Materials. 

3. American Wood Protection Association (AWPA): 

a. M2, Standard for Inspection of Wood Products Treated with 
Preservatives. 

b. M3, Standard Quality Control Procedures for Wood Preserving Plants. 
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c. M4, Standard for the Care of Preservative-Treated Wood Products. 

d. P5, Standard for Waterborne Preservatives. 

e. U1, Use Category System:  User Specification for Treated Wood. 

4. American National Standards Institute/Single Ply Roofing Industry 
(ANSI/SPRI): 

a. ES-1, Wind Design Standard for Edge Systems Used with Low Slope 
Roof Systems. 

5. Environmental Protection Agency (EPA). 

6. FM Global (FM): 

a. 1-49, Property Loss Prevention Data Sheets - Perimeter Flashing. 

7. National Institute of Standards and Technology (NIST): 

a. PS-1, Construction and Industrial Plywood. 

b. PS-20, American Softwood Lumber Standard. 

8. Underwriters Laboratories, Inc. (UL): 

a. 723, Standard for Test for Surface Burning Characteristics of Building 
Materials. 

9. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2018 Edition 
including all amendments, referred to herein as Building Code. 

B. Qualifications: 

1. Wood Treatment Plant:  AWPA M3. 

2. Treated Wood Inspection:  AWPA M2. 

C. Miscellaneous: 

1. Factory marking: 

a. Lumber: 

1) Identify type, grade, moisture content, inspection service, producing 
mill, and other qualities specified. 

2) Marking may be omitted, as allowed by Building Code, if certificate of 
inspection is provided for each shipment. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Fabrication drawings of all fabricated items. 

3. Product technical data including: 
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a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions for all products specified. 

4. Certifications: 

a. Chemicals used in treatment process are registered with and approved 
by EPA. 

b. Moisture content of material prior to treatment:  25 PCT maximum. 

c. Material has been kiln-dried after treatment (KDAT) to the moisture 
content specified. 

5. Documentation of treatment of treated material in accordance with 
standards referenced. 

1.4 DELIVERY AND STORAGE 

A. Delivery, storage and handling of untreated wood products: 

1. Lumber:  As recommended by the grading agency indicated on the grade 
stamp. 

B. Delivery, storage, handling and disposal of treated wood products:  AWPA M4. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the manufacturers listed in 
the applicable Articles below are acceptable. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. General: 

1. Lumber (for framing, blocking, nailers, furring, grounds and similar 
members): 

a. NIST PS-20. 

b. Species: 

1) Treated material:  As indicated in the appropriate AWPA standard. 

c. Grade: 

1) For nominal sizes up to and including 2 x 4:  Standard and better. 

2) For nominal sizes up to 2 IN thick and wider than 4 IN:  #2 and better. 

B. Preservative Treated Material: 

1. Moisture content: 

a. Prior to treatment:  25 PCT. 

b. Kiln-dry after treatment (KDAT), ASTM D4442 and ASTM D4444: 
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1) Lumber:  19 PCT maximum. 

2. Preservative: 

a. Waterborne:  AWPA P5. 

b. As indicated in the appropriate AWPA standard. 

3. Pressure-treat material in accordance with AWPA U1. 

4. Wherever practicable, material to be treated shall be manufactured in its 
final form prior to treatment. 

C. Fasteners and Anchors:   

1. Nails and screws: 

a. Dry, non-corrosive exposure:  Hot dipped galvanized or Type 304 
stainless steel. 

b. Wet, corrosive, marine, and/or below grade:  Type 316 stainless steel. 

2. Adhesive anchors, expansion anchors, self-tapping concrete anchors, bolts, 
nuts, and washers:  See Specification Section 05 50 00. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Verify measurements, dimensions, and shop drawing details before proceeding. 

B. Coordinate location of studs, nailers, blocking, grounds and similar supports for 
attached work. 

C. Eliminate sharp projections which would puncture roofing, flashing or 
underlayment material. 

3.2 ERECTION AND INSTALLATION 

A. General: 

1. Provide preservative treated material for all wood used: 

a. Outside building. 

b. Below grade. 

B. Attach work securely by anchoring and fastening as indicated or required to 
support applied loading. 

1. Anchor wood to concrete using adhesive or expansion anchors as specified 
in Specification Section 05 50 00. 

a. Separate wood from direct contact to concrete with polyethylene foam 
gasket strip. 

1) Size: 1/4 IN by width of wood member. 

2) Owens Corning "SillSealR". 

2. Anchor wood to metal using bolts and nuts as specified in Specification 
Section 05 50 00. 



WHCRWA 

ROUGH CARPENTRY CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
ROUGH CARPENTRY 

06 10 00 - 5 OF 6 

3. Provide flat washers under all bolt heads and nuts. 

4. Fasten plywood in accordance with APA recommendations.  

5. Use fasteners of size that will not penetrate members where opposite side 
will be exposed to view or receive finish materials. 

6. Install fasteners without splitting of wood; predrill as required. 

7. Do not drive threaded friction type fasteners. 

8. Tighten bolts and lag screws at installation and retighten as required. 

C. Set work to required levels and lines, plumb, true. 

1. Shim as required. 

2. Cut and fit accurately. 

D. Provide wood grounds, nailers, or blocking where required for attachment of 
other work and surface applied items. 

1. Form to shapes indicated or required. 

a. Field treat cuts and holes in preservative treated material in accordance 
with AWPA M4 and manufacturer's published recommendations. 

2. Grounds: 

a. Dressed, key beveled lumber minimum 1-1/2 IN wide of thickness 
required to bring face of ground even with finish material. 

b. Remove temporary grounds when no longer required.  

3. Install roofing nailers as necessary for attachment of flashing, curbs, fascia, 
coping, and related accessories: 

a. Match height of nailers to insulation. 

b. Anchor nailers to resist force of 300 PLF unless required otherwise by 
FM Global or roofing manufacturer. 

1) Metal decking attachment: 

a) Attach base nailer to metal roof deck using self-tapping stainless 
steel sheet metal screws (STSMS) with plate washers or with 
minimum 3/8 IN Type 304 stainless steel hex head bolts with nuts 
and washers. 

b) Countersink heads of bolts flush with top of nailer. 

2) Concrete decking attachment: 

a) Attach base nailer to concrete roof deck using minimum 3/8 IN 
stainless steel adhesive anchors with minimum 3 IN embedment. 

b) Countersink heads of bolts flush with top of nailer. 

3) Provide size and spacing of anchorage as required to meet loading 
criteria specified. 
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a) Fasten blocking for perimeter flashing in accordance with 
ANSI/SPRI ES-1 and FM Global 1-49. 

c. Provide 1/2 IN vent spaces between lengths of nailers. 

d. Install nailers over vapor retarder. 

E. When wood has been exposed to moisture allow to completely dry out prior to 
covering with additional wood or another material. 

F. Correct or replace wood which shows bowing, warping or twisting to provide a 
straight, plumb and level substrate for applications of other materials. 

END OF SECTION 
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SECTION 06 41 00 

ARCHITECTURAL CABINETWORK (MILLWORK) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Architectural cabinetwork. 

2. Solid Surface Material window stools and countertops. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 07 92 00 - Joint Sealants. 

4. Section 09 65 00 – Luxury Vinyl Tile and Resilient Base. 

5. Section 09 68 00 – Carpet (broad loom). 

6. Section 09 68 13 – Carpet Tile (CPT). 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Americans with Disability Act (ADA): 

a. Accessibility Guidelines for Buildings and Facilities (ADAAG). 

2. American National Standards Institute (ANSI): 

a. A161.2, Decorative Laminate Countertops, Performance Standards for 
Fabricated High Pressure. 

b. A208.1, Particleboard. 

c. A208.2, Medium Density Fiberboard. 

3. American National Standards Institute/American Hardboard Association 
(ANSI/AHA): 

a. A135.4, Basic Hardboard. 

4. ASTM International (ASTM): 

a. D4442, Standard Test Methods for Direct Moisture Content 
Measurement of Wood and Wood-Base Materials. 

b. D4444, Standard Test Method for Laboratory Standardization and 
Calibration of Hand-Held Moisture Meters. 

5. Architectural Woodwork Institute (AWI): 

a. Architectural Woodwork Quality Standards: 

1) Section 300, Standing and Running Trim. 
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6. American Wood Protection Association (AWPA): 

a. U1, Use Category System:  User Specification for Treated Wood. 

7. Builders Hardware Manufacturers Association (BHMA). 

8. Hardwood Plywood and Veneer Association (HPVA): 

a. HP-1, Standard for Hardwood and Decorative Plywood. 

9. International Cast Polymer Association/American National Standards 
Institute (ICPA/ANSI): 

a. SS-1, Performance Standard for Solid Surface Materials. 

10. National Electrical Manufacturers Association (NEMA): 

a. LD 3, High-Pressure Decorative Laminates (HPDL). 

B. Qualifications: 

1. Fabricator shall have minimum of 10 years experience in design and 
fabrication of architectural cabinetwork with minimum of three (3) 
successfully completed projects with similar scope in the last two (2) years. 

2. Solid Surface Material fabricator shall be licensed or approved in writing by 
the Solid Surface Material manufacturer. 

C. Miscellaneous: 

1. Construction details, fastening, tolerances and workmanship:  AWI custom 
grade standards with exceptions indicated. 

1.3 DEFINITIONS 

A. Architectural Cabinetwork:  Millwork. 

B. Exposed Surfaces: 

1. All surfaces visible when doors and drawers are closed, inside of doors, 
and: 

a. Door and drawer fronts and their edges. 

b. Exposed end. 

c. Countertop and backsplash and their exposed edges. 

d. Face frame (if used). 

e. Interior of open cabinets. 

f. Toe kick not to be covered by resilient base. 

g. Wall mounted adjustable shelves. 

h. Bottom of wall case over 4 FT above floor. 

i. Top of wall and tall cases below 6 FT above floor. 

C. Concealed Surfaces: 

1. Surfaces not visible after installation, and: 

a. Web frames. 
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b. Dust panels. 

D. Semi-Exposed Surfaces: 

1. All other surfaces not exposed or concealed. 

1.4 SYSTEM DESCRIPTION 

A. Fabricated cabinets including all hardware, countertops, and finishing thereof. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Schedule of window stool and countertop locations indicating sizes, shap
e etc. 

3. Fabrication drawings and details showing compliance with this Specification 
Section. 

B. Samples: 

1. Plastic laminate color and finish samples for Engineer's selection. 

2. PVC edging:  Manufacturer's complete line of color samples. 

C. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Millwork fabricator experience qualifications. 

3. Listing of millwork fabricators projects within last two (2) years with similar 
scope. 

4. Solid Surface Material fabricator's qualifications. 

5. Warranty from Solid Surface Material manufacturer. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver all millwork items window stools and countertops to the Project Site and 
store in the area in which items will be installed. 

1. Building areas to receive millwork items shall be enclosed, weathertight and 
conditioned to a relative humidity between 25 PCT and 55 PCT before, 
during and after installation. 

2. Remove any plastic packaging or wrapping from millwork upon delivery to 
Project Site. 
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3. Protect stored items from damage with vapor-permeable covering during 
storage. 

4. Allow material to acclimate to the surrounding environment a minimum of 96 
HRS prior to installation. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Plastic laminate: 

a. Formica Corp. 

b. Nevamar Corp. 

c. Wilsonart International. 

2. Plastic overlay panel products: 

a. Simpson Timber Co. 

b. Sel-Ply Division/Medford Corp. 

c. Willamette Industries. 

d. Formica Corporation. 

3. Cabinet hardware: 

a. Epco. 

b. Faultless. 

c. Grant. 

d. Ives. 

e. Knape & Vogt. 

f. McKinney. 

g. National Lock Co. 

h. Rockford Process Control, Inc. 

i. Stanley. 

j. Stylmark. 

k. Webber-Knapp. 

4. Shelf and hanger rod: 

a. Knape & Vogt. 

b. Stanley. 

5. Solid Surface Material: 

a. Avonite. 

b. Dupont. 

c. Formica Corp. 
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d. Wilsonart International. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Plastic Laminate: 

1. NEMA LD 3 high-pressure laminate, matte finish. 

2. All other exposed surfaces:  Grade GP28, 0.028 IN thick. 

3. Semi-exposed backer sheet:  Grade CL20, 0.020 IN thick; color to match 
plastic overlay. 

4. Concealed backer sheet:  Grade BK20, 0.020 IN thick. 

B. Plastic Overlay: 

1. Resin impregnated paper overlay hot press cured onto substrates with 
backer/balance sheet. 

2. Conform to NEMA requirements for "general purpose" decorative board (not 
"light duty" liner type). 

3. Satin finish:  Opaque color. 

4. Resin:  Polyester; phenolic resin may be used on concealed surfaces. 

5. Color:  White. 

C. Particleboard: 

1. Three-ply, medium density industrial particleboard. 

2. ANSI A208.1:  Grade M-2 or M-3. 

3. Density:  45 PCF minimum. 

4. Particleboard used for countertops: 

a. ANSI A161.2. 

b. Moisture resistant. 

D. Fiberboard: 

1. Medium density wood fiberboard. 

2. ANSI A208.2:  Interior Grade M. 

E. Hardboard: 

1. Tempered, smooth on both sides. 

2. ANSI/AHA A135.4:  Class 1, S2S. 

F. Plywood:  Softwood plywood, A grade. 

G. PVC Edging: 

1. Polyvinyl chloride edge banding, machine applied and trimmed: 
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a. Hot melt glue per PVC manufacturer's recommendations. 

b. T-edging will not be allowed. 

H. Preservative Treated Lumber: 

1. Preservative:  Waterborne. 

2. Moisture content: 

a. Prior to treatment:  25 PCT. 

b. Kiln-dry after treatment (KDAT), ASTM D4442, ASTM D4444:  19 PCT 
maximum. 

3. Pressure treat material in accordance with AWPA U1, Use Category UC2. 

I. Sealant: 

1. Silicone. 

2. See Specification Section 07 92 00. 

2.3 FABRICATION 

A. General: 

1. Custom shop or factory built casework, complete with all hardware, 
accessories, countertops and bases in sizes and configurations indicated. 

B. Cabinetwork: 

1. Style:  Reveal overlay doors and drawer fronts overlapping case body with 
uniform reveal at all edges. 

2. Case body: 

a. All joints glued. 

b. Top and bottom (and fixed horizontals): 

1) Lock jointed and screwed. 

2) Dadoed or rabbeted into ends/dividers. 

3) Doweled at approximately 2-1/2 IN OC. 

c. Back:  Dadoed into top, sides, and bottom. 

d. Fixed small compartment dividers:  Dadoed. 

3. Drawers (with subfront): 

a. All joints glued. 

b. All corners: 

1) Dovetailed or doweled. 

2) Front corners dovetailed and back corners lock jointed. 

3) Sides dadoed for front and back and all joints nailed, stapled or 
screwed. 

c. Bottom:  Dadoed into all four sides. 

d. Front:  Screwed onto subfront. 
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e. Top edges of drawer box rounded. 

4. Drawers (without subfront): 

a. All joints glued. 

b. Front corners dovetailed or doweled. 

c. Back corners: 

1) Dovetailed, doweled, or lock jointed. 

2) Sides dadoed for back and corner nailed or screwed. 

d. Bottom:  Dadoed into all four sides. 

e. Top edges of drawer sides and back rounded. 

C. Solid Surface Material window stools and countertops: 

1. Use maximum size sheet to eliminate joints. 

2. Joints shall be not closer than 24 IN to sinks or other cut-outs. 

3. Ease all exposed edges. 

4. 1/2 IN thick built up to 1-1/4 IN at exposed edges. 

5. Backsplashes: 

a. Same material and thickness as countertop. 

b. 4 IN high. 

c. Provide wherever top abuts wall. 

6. Color: 

a. To be selected by Engineer from manufacturer's complete offering of 
colors and patterns. 

D. Hardware: 

1. General: 

a. Provide handles, pulls, latches, locks, and other operating devices in 
accordance with the ADAAG. 

2. Hardware for hinged doors: 

a. Hinges: 

1) Five (5) knuckle, wraparound type with hospital type tips. 

2) Not less than 2-1/2 IN long. 

3) Minimum three (3) screws each leaf. 

4) For doors up to 48 IN high:  Two (2) hinges. 

5) For doors over 48 IN high:  Minimum three (3) hinges. 

6) Finish: 

a) Powder coated. 

b) Color:  Chrome. 

7) Hinge:  Rockford Process Control "Overlay." 
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b. Catch: 

1) Heavy duty, roller catch. 

2) Case and strike:  Wrought steel. 

3) Roller:  Rubber. 

4) Ives 338. 

5) Finish:  Bright nickel plated, clear coated. 

3. Hardware for drawers: 

a. Slides:  KV 8400 series; 100 LB capacity, precision steel ball bearings, 
positive closing and pull out stops, drawer removable without use of 
tools; telescoping full extension slides, epoxy-coated with white finish. 

b. Lock:  Provide where indicated. 

c. For file drawers:  Label holder and file hanger frame. 

4. Pulls: 

a. Steel wire. 

b. 4 IN centers. 

c. 5/16 IN DIA. 

d. Provide two (2) on drawers over 18 IN wide. 

e. Finish: 

1) Color:  Chrome. 

5. Locks: 

a. Pin tumbler cylinder cam locks. 

b. Material:  Brass. 

c. Finish:  Chrome plated, US 26D. 

d. National C8100 series. 

e. Provide two (2) keys for each lock. 

f. Master key as directed. 

6. Shelf supports (recessed standard type): 

a. Standards:  Aluminum or zinc-coated or plated steel, slotted at 1/2 IN OC 
for recessed installation. 

b. Shelf clips:  Plated or zinc-coated steel; designed to engage securely in 
slots, finish to match standard. 

c. KV #255 AL. 

7. Countertop support brackets: 

a. Cold rolled steel. 

b. Size: 

1) Nominal 22 IN deep by 14 IN high. 

2) 3/4 IN wide. 
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c. Tested to meet or exceed ANSI performance standards as established 
by BHMA. 

1) Load Rating:  1200 LBS per pair. 

d. Similar to Knape & Vogt "208 Series Ultimate L-Bracket." 

e. Finish: 

1) Corrosion resistant powder coating. 

2) Color:  White. 

8. Shelf supports (for wall-mounted shelves): 

a. Standards: 

1) Slotted steel. 

2) Similar to Knape & Vogt "KV 87." 

b. Shelf brackets: 

1) Boltless, steel for shelf depths indicated. 

2) Similar to Knape & Vogt "KV 187." 

c. Finish: 

1) Electroplated. 

2) Color:  White. 

9. Clothes rod: 

a. Heavy duty rated. 

b. Chrome plated steel. 

c. Minimum 1 IN OD. 

d. Similar to Knape & Vogt "KV 770 1." 

e. End supports:  Similar to Knape & Vogt "KV 734/735." 

f. Intermediate supports: 

1) Similar to Knape & Vogt "KV 1195." 

2) Finish:  Powder coated. 

3) Color:  White. 

E. Plastic Laminate Casework Fabrication: 

1. Finishes for non-fire-rated cabinets: 

a. All exposed surfaces:  Plastic laminate. 

b. All semi-exposed surfaces not covered with plastic laminate backer 
sheet (except hardwood):  Plastic overlay. 

2. Edges: 

a. Edges of case body members:  1 MM PVC. 

b. All other exposed and semi-exposed edges:  3 MM PVC. 

3. Case body members (except backs not exposed): 

a. Minimum 3/4 IN thick particleboard. 
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b. Base unit top: 

1) Use either full subtop or web frame. 

2) Web frames:  Hardwood. 

c. Provide drawer lock rails at all drawers. 

d. Provide backs on all cabinets. 

4. Unexposed case back: 

a. Tempered hardboard. 

b. Minimum 1/4 IN thick. 

c. Full bound:  Capture and glue back panel in dado at top, sides and 
bottom of case. 

5. Shelves: 

a. Minimum 3/4 IN thick particleboard. 

b. 1 IN thick if over 36 IN between supports. 

6. Doors: 

a. Particleboard: 

1) Up to 26 IN wide or 48 IN high:  3/4 IN thick. 

2) Up to 36 IN wide or 66 IN high:  1-1/4 IN thick. 

3) Over 36 IN wide and 66 IN high:  1-3/8 IN thick, solid core. 

7. Drawers: 

a. Fronts:  3/4 IN thick particleboard. 

b. Subfront, sides and back:  1/2 IN thick hardwood plywood. 

c. Bottom: 

1) Minimum 1/4 IN thick hardboard, captured four (4) sides with 3/8 IN 
standing shoulder. 

2) Over 18 IN wide provide intermediate reinforcing rails. 

8. Case base: 

a. Separate ladder style base. 

b. Preservative treated lumber. 

c. Provide concealed fastening of cabinet body to base. 

1) Fasteners through bottom of casework will not be accepted. 

9. Small compartment dividers and dust panels:  1/4 IN thick hardboard. 

10. Filler panels and scribe pieces:  Particleboard; provide as required to fit 
standard size units to space. 

F. Case Configuration: 

1. Similar reveal, approximately 1/4 IN at all sides, top and bottom of doors and 
drawer fronts, and between doors and drawer fronts in same unit. 



WHCRWA 

ARCHITECTURAL CABINETWORK (MILLWORK) CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
ARCHITECTURAL CABINETWORK (MILLWORK) 

06 41 00 - 11 OF 12 

2. Double door units:  No vertical rail or divider between doors unless called for 
or unless locks are called for. 

3. Toe space: 

a. 4 IN high by approximately 3 IN deep. 

b. Provide on front of each base unit unless otherwise noted. 

4. Pairs of sliding doors:  Equal width; overlap 1 IN. 

5. Countertop:  Overhang front and exposed ends 1 IN. 

6. Hardware mounting: 

a. Drawers:  Center pull in front, horizontally. 

b. Drawers with two pulls:  Set pulls at 1/4 points. 

c. Swinging doors: 

1) Set pull in swing side corner: 

a) Base units:  Horizontally at top of door. 

b) Wall units:  Vertically at bottom of door. 

c) Tall units:  Vertically, centered at 40 IN above finished floor. 

7. Adjustable shelves: 

a. Use recessed standards supports. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Verify dimensions at site. 

B. Verify locations of items specified in other Specification Sections. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install products in accordance with the ADAAG. 

1. Provide sizes, heights and clearances required for accessibility compliance. 

C. Provide balanced construction on each plastic laminated item. 

D. Use manufacturer's printed instructions or drawings in all cases where items or 
details are not indicated. 

E. Provide all trim, fillers, closures, stands, supports, sleeves, collars, 
escutcheons, brackets, braces or other miscellaneous items required for 
complete installation. 

F. Test and adjust for satisfactory operation. 

G. Seal components with silicone sealants in accordance with AWI Standards. 

1. Seal joints in plastic laminate countertops before assembly. 
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2. Seal joints between backsplashes and endsplashes and countertops. 

3. Seal joints where backsplashes and endsplashes meet adjoining surfaces. 

H. Adjust hinges so doors hang straight. 

I. Resilient Base: 

1. Install base after cabinets have been leveled and adjusted. 

2. Provide base at toe spaces, exposed cabinet ends, knee space panels or 
other intersections of floor and vertical casework surfaces, unless noted 
otherwise. 

3. Set base straight and true. 

4. Fit into breaks and recesses. 

5. Provide factory-formed outside corners; miter inside corners. 

a. Make joints tight. 

6. Install with top edge level and bottom edge in firm contact with floor. 

J. Install Solid Surface Material in accordance with manufacturers 
recommendations. 

3.3 FIELD QUALITY CONTROL 

A. Protect Solid Surface Material during construction with minimum 1/8 IN 
hardboard. 

END OF SECTION 
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SECTION 06 82 00 

FIBERGLASS REINFORCED PLASTIC FABRICATIONS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Fiberglass reinforced plastic (FRP) fabrications including but not limited to: 

a. Solid plate. 

b. Railings. 

c. Grating. 

d. Stairs. 

e. Structural members. 

f. Supporting structure design. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 05 50 00 - Metal Fabrications. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American National Standards Institute (ANSI): 

a. A14.3, Ladders - Fixed - Safety Requirements. 

2. ASTM International (ASTM): 

a. E84, Standard Test Method for Surface Burning Characteristics of 
Building Materials. 

3. Occupational Safety and Health Administration (OSHA): 

a. 29 CFR 1910, Occupational Safety and Health Standards, referred to 
herein as OSHA Standards. 

4. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2012 Edition 
including all amendments, referred to herein as Building Code. 

1.3 DEFINITIONS 

A. Skid-resistant: 

1. Manufacturer's standard applied abrasive grit coating. 

2. Abrasive coated tape is not acceptable. 
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B. FRP:  Fiberglass Reinforced Plastic. 

C. Guardrail:  A system of building components located near the open sides of 
elevated walking surfaces for the purpose of minimizing the possibility of an 
accidental fall from the walking surface to the lower level. 

D. Handrail:  A railing provided for grasping with the hand for support. 

E. Railing:  A generic term referring to guardrail, handrail and/or stair rails. 

F. Stair Rail:  A guardrail, installed at the open side of stairways with either a 
handrail mounted to the inside face of the guardrail, or where allowed by 
applicable codes, with the top rail mounted at handrail height and serving the 
function of a handrail. 

1.4 SYSTEM DESCRIPTION 

A. All fiberglass reinforced plastic support systems shall be designed by a 
registered professional structural engineer licensed in the State of Texas. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Manufacturer's recommendations on reinforcing field cut openings. 

3. Fabrication and/or layout drawings. 

a. Plan showing profile, location, section and details of each item including 
anchorage or support system(s). 

b. Locations and type of expansion joints. 

c. Materials of construction including shop applied coatings. 

d. Listing of all accessory items being provided indicating material, finish, 
etc. 

4. Certifications: 

a. Certification of Structural Engineer's qualifications. 

b. Certification that all components and systems have been designed and 
fabricated to meet the loading requirements specified. 

5. Manufacturer's full line of colors available for each component. 

B. Informational Submittals: 

1. Complete design calculations of all supporting structure and fastening 
conditions. 
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a. Design calculations to be for information only. 

b. Engineer will not review or take any action on submittal. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver and handle each item to preclude damage. 

B. Store all items on skids above ground. 

1. Keep free of dirt and other foreign matter which will damage items or finish 
and protect from corrosion and UV exposure. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Railings: 

a. AICKIN. 

b. American Grating. 

c. Enduro Composite Systems. 

d. Fibergrate Composite Structures, Inc. 

e. IKG Industries. 

f. International Grating Inc. 

g. Mona Composites. 

h. Seasafe, Inc. 

i. Strongwell. 

2. Grating and solid plate: 

a. American Grating. 

b. Enduro Composite Systems. 

c. Fibergrate Composite Structures,Inc. 

d. IKG Industries. 

e. International Grating Inc. 

f. Mona Composites. 

g. Seasafe, Inc. 

h. Strongwell. 

3. Stairs: 

a. American Grating. 

b. Enduro Composite Systems. 

c. Fibergrate Composite Structures, Inc. 

d. IKG Industries. 

e. Mona Composites. 
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f. Seasafe, Inc. 

g. Strongwell. 

4. Structural shapes: 

a. American Grating. 

b. Enduro Composite Systems. 

c. Fibergrate Composite Structures, Inc. 

d. Mona Composites. 

e. Strongwell. 

5. Modular framing system: 

a. AICKIN. 

b. Enduro Composite Systems. 

c. Seasafe, Inc. 

d. Unistrut. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Fiberglass Reinforced Plastic (FRP): 

1. Vinyl ester with fiberglass reinforcing. 

a. Type V. 

2. Fire retardant. 

a. Flame spread:  ASTM E84, 25or less. 

3. Color:  To be selected by Engineer when more than one (1) color is 
available for any one (1) component. 

B. Fasteners, Clips, Saddles, and Miscellaneous Components: 

1. Fiberglass where possible. 

2. Stainless steel may be used if fiberglass component is not available. 

C. Adhesive:  Recommended by manufacturer. 

D. Skid-resistant Surfacing:  Manufacturer-applied abrasive grit coating. 

2.3 FABRICATION 

A. General: 

1. Verify field conditions and dimensions prior to fabrication. 

2. Preassemble items in shop to greatest extent possible. 

3. All components shall be treated with UV inhibitor. 

4. Drill or punch holes with smooth edges. 

B. Railings: 
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1. Custom fabricate handrail and guardrail to profiles and dimensions indicated 
on Drawings. 

2. Where not indicated on Drawings, set intermediate horizontal rails to 
requirements of Building Code. 

3. Minimum 2 IN SQ x 0.187 IN tube. 

4. Kickplate: 

a. 4 x 1/2 IN (corrugated) x 0.125 IN thick. 

b. Provide at all elevated platforms and where required by OSHA 
Standards. 

5. Provide handrail supports at 4 FT maximum spacing for wall brackets and 4 
FT maximum spacing for posts. 

a. Provide vertical supports at 4 FT maximum spacing on all inclined rail 
sections. 

b. Provide brackets which provide a 1-1/2 IN projection from finish wall 
surface or guardrail to wall or guardrail side of rail. 

c. Handrails shall not project more than 4-1/2 IN into required stairway 
width. 

6. Fit exposed ends of guardrails and handrails with solid terminations. 

a. Return ends of handrail to wall but do not attach end to wall. 

b. Where guardrail terminates at a wall or other obstruction, provide a 
vertical support post located 4 IN off wall or obstruction to center of post. 

7. Design railings to resist loading as required by the Building Code. 

8. Form connections with flush, smooth, hairline joints. 

a. Provide concealed splice fitting at all connections. 

b. Top rail splices and expansion joints shall be located within 8 IN of 
support. 

9. Fabricate items free of blemishes, seam marks, roller marks, rolled trade 
names and roughness. 

10. Provide removable railing where indicated. 

11. Provide weeps to drain moisture from hollow railing sections at exterior and 
in high humidity areas. 

a. 1/4 IN weep hole in railing 1 IN above walkway surface at bottom of 
posts set in concrete or otherwise closed at bottom, and at other low 
points where moisture can collect. 

C. Grating and Solid Plate Material: 

1. Design live load: 

a. 100 PSF uniform live load. 

b. 300 LBS concentrated load. 



FIBERGLASS REINFORCED PLASTIC FABRICATIONS 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
FIBERGLASS REINFORCED PLASTIC FABRICATIONS 

06 82 00 - 6 OF 8 

c. Maximum deflection of l/300 of span under a superimposed live load. 

d. Design for the most severe loading condition noted above. 

2. Minimum grating depth:  1-1/2 IN. 

3. Bar span:  Maximum of 1-1/2 IN center to center. 

4. Walking surface:  Manufacturer's standard applied abrasive grit coating. 

D. Embedded Grating Supports: 

1. Fiberglass. 

2. Size to suit depth of grating. 

3. Provide leg or strap for embedding and anchoring into concrete. 

4. Similar to Strongwell "Duradek Fiberglass Curb Angle." 

E. Stairs: 

1. Fabricated to profiles indicated. 

2. Treads:  Grating with integral 1 IN skid-resistant nosing. 

a. Provide center reinforcing for treads over 36 IN wide. 

3. Risers: 

a. Solid plate material to match treads. 

b. Provide center vertical reinforcing for risers over 36 IN wide. 

4. Landings: 

a. Grating with manufacturer's standard applied skid-resistant abrasive grit 
coating. 

1) Provide skid-resistant nosing on leading edge of stairs. 

b. Provide intermediate support as required to meet loading requirements. 

5. Design and fabricate stair, platforms and landings, and all connections to 
support a 100 PSF uniform live load plus a 300 PSF concentrated load. 

6. Provide railing per this Specification Section. 

F. Modular Framing System: 

1. Material:  Heavy duty pultruded. 

2. Shapes as required for condition. 

3. Fasteners:  Stainless steel or fiberglass. 

4. Provide end caps for all exposed terminations. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Set work accurately in location, alignment and elevation, plumb, level, and true. 



WHCRWA FIBERGLASS REINFORCED PLASTIC 
FABRICATIONS CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
FIBERGLASS REINFORCED PLASTIC FABRICATIONS 

06 82 00 - 7 OF 8 

1. Measure from established lines and levels. 

2. Provide temporary bracing or anchors in formwork for items which are to be 
built into concrete, masonry or similar construction. 

3. Tolerances: 

a. Maximum variation from plumb in vertical line:  1/8 IN in 3 FT. 

b. Maximum variation from level of horizontal line:  1/4 IN in 20 FT. 

c. Maximum variation from plan location:  1/4 IN in 20 FT. 

C. Railings: 

1. Adjust railings prior to securing in place to ensure proper matching at butting 
joints and correct alignment throughout their length. 

a. Plumb posts in each direction. 

2. Provide posts with floor flange, attached to post and with predrilled holes for 
bolting to stringer, floor or beam. 

3. Anchor handrails to walls or guardrails with brackets designed for condition. 

a. For concrete and solid masonry anchorage, use stainless steel adhesive 
anchors with stainless steel bolts with hex nuts. 

b. Anchor size and embedment to be designed by component fabricator. 

1) Provide minimum of 1/2 IN anchor bolts. 

D. Coat all exposed surfaces of stainless steel fasteners with minimum 15 MIL gel 
coating to match component being anchored. 

E. Fasten railings to beams and stair stringers with stainless steel bolts, nuts and 
washers. 

1. Provide two (2) washers for each bolt. 

F. Attach grating to each end and intermediate support clip or saddle with bolts, 
nuts and washers. 

1. Maximum spacing:  2 FT OC with minimum of two (2) per side. 

2. Attach clips or saddles to bearing bars only. 

3. Reinforce all field cut openings in accordance with manufacturer's 
recommendations. 

G. Attach stair treads at ends to stair stringer with hold-down clips, bolts, nuts, and 
washers. 

1. Minimum two (2) clips per end. 

H. File cut ends of all fiberglass to a 1/32 IN radius. 

I. Seal cut ends of all items with catalyzed resin as recommended by 
manufacturer. 

1. Provide same resin used in fabrication of item as a minimum. 

J. Provide all modular framing components as required to suit condition. 
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1. Install in accordance with manufacturer's recommendations. 

END OF SECTION 
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SECTION 07 11 14 

ASPHALTIC EMULSION DAMPPROOFING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Furnish labor, materials, tools, equipment, and services for Asphaltic Emulsion 
Dampproofing, as indicated, in accordance with provisions of Contract 
Documents. 

B. Completely coordinate with work of other trades. 

1.2 REFERENCES 

A. ASTM International (ASTM): 

1. ASTM D41 Standard Specification for Asphalt Primer Used in Roofing, 
Dampproofing, and Waterproofing. 

2. ASTM D1227 Standard Specification for Emulsified Asphalt Used as a 
Protective Coating for Roofing. 

3. ASTM D1668 Standard Specification for Glass Fabrics (Woven and Treated) 
for Roofing and Waterproofing. 

1.3 QUALITY ASSURANCE 

A. Applicator Qualifications:   

1. Approved in writing by manufacturer. 

1.4 SUBMITTALS 

A. Product Data: 

1. Manufacturers’ product data sheets, details and installation instructions 
including components and accessories, indicating product used to be in 
compliance with specifications. 

B. Project Information: 

1. License or certification in writing by manufacturer of installer qualifications. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Asphaltic Emulsion Dampproofing: 

1. Base: 

a. Karnak. 

2. Optional: 

a. BASF Master Builders Solutions. 
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b. WR Meadows. 

B. Other manufacturers desiring approval comply with Section 01 25 13. 

2.2 MATERIALS 

A. Primer:  ASTM-D41, compatible with substrate and recommended by 
dampproofing manufacturer. 

B. Asphaltic Emulsion Dampproofing: 

1. Refined asphalt, clay emulsifiers, and selected non-asbestos fiber reinforced 
emulsion for trowel application. 

2. ASTM-D1227, Type II, Class 1. 

3. Base Product:  Karnak 920AF Fibered Emulsion Mastic (Trowel Grade). 

4. Optional Product:  MasterSeal 614 by BASF Master Builders Solutions. 

5. Optional Product:  Sealmastic Type III by WR Meadows. 

C. Saturated fabric:  Woven, glass fiber, ASTM-D1668 Type I. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Clean substrate of projections and substances detrimental to work. 

B. Apply dampproofing to following surfaces: 

1. Exterior face of exterior CMU backup walls . 

2. Do not apply to walls scheduled to be waterproofed. 

C. Comply with manufacturers installation instructions. 

D. Prime per manufacturer’s instructions. 

E. Coordinate detailing at penetrations made after completion of dampproofing 
system. 

F. Reinforce corners, cracks, and construction joints with saturated fabric. 

1. Extend 9 IN on each side of each corner, crack and joint. 

G. Where walls intersect footings, reinforce with saturated fabric, and extend 
dampproofing 1 FT onto footing. 

H. Trowel apply in 2 coats to minimum finish thickness of 1/8 IN. 

I. Allow 24-hour cure period between coats. 

J. Allow no dampproofing exposed in finish work. 

K. Repair any damage to coatings caused prior to installation of masonry veneer. 

END OF SECTION 
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SECTION 07 19 00 

LIQUID WATER REPELLENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Liquid water repellent. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3.  Section 04 22 00 - Concrete Masonry. 

1.2 QUALITY ASSURANCE 

A. Material must not inhibit the adhesion of future paint coatings. 

B. Mock-Ups: 

1. Product shall be applied to mock-up erected under Specification Section 04 
22 00. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

B. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Letter from manufacturer stating that product is suitable for intended use 
and is compatible with and will not cause discoloration of specified masonry 
units. 

3. Field conducted water spray test results. 

4. Warranty. 

1.4 WARRANTY 

A. Provide manufacturer's standard five (5) year performance warranty. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Liquid water repellent: 

a. L&M Construction Chemicals, Inc. 

b. Chemprobe Technologies, Inc. 

c. Hydrozo, Inc. 

d. Degussa. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Liquid Water Repellent Type 1: 

1. Clear, penetrating micro-emulsion water repellent formulated for sealing 
concrete masonry. 

a. Water based, VOC compliant, odorless. 

1) VOC:  Less than 195 g/L. 

b. Non-yellowing, non-staining. 

c. Provides both surface barrier and penetrating chemical action-forming 
barrier. 

2. Surface barrier shall protect against water intrusion, mildew, dirt and 
airborne contaminants. 

3. L&M Construction Chemicals, Inc. "HYDROBLOCK." 

4. Liquid Water Repellent Type 2: 

a. Clear, deep penetrating sealer formulated for sealing vertical concrete 
and brick surfaces. 

1) Water based, VOC compliant, odorless. 

a) VOC:  Less than 195 g/L. 

2) Non-yellowing, non-staining. 

3) Provides both surface barrier and penetrating chemical action barrier. 

b. Surface barrier shall protect against water intrusion, mildew, dirt and 
airborne contaminants. 

c. L&M Construction Chemicals, Inc. "HYROPEL WB." 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect adjacent surfaces not intended to be covered. 
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B. Clean surfaces to be covered in accordance with manufacturer's 
recommendations. 

C. Make all mortar repairs at least 48 HRS prior to application. 

D. Allow masonry surfaces to cure minimum of 10 days prior to application. 

3.2 INSTALLATION AND APPLICATION 

A. Install products in accordance with manufacturer's instructions. 

1. At a minimum apply material in accordance with manufacturer's 
recommended application rates using procedures and equipment 
recommended by manufacturer. 

a. Apply two (2) coats of material. 

B. Apply liquid water repellent, Type 1, to exterior exposed concrete block 
surfaces. 

C. Apply liquid water repellent, Type 2, to exterior face of precast concrete panel 
surfaces. 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer or manufacturer's designated representative shall conduct a water 
spray test to an area of the mock-up wall specified in Specification Section 04 
22 00 for a period of 5 HRS. 

1. Water from the spray shall impact the wall at a 45-degree angle to the 
vertical and shall cover an area of not less than 9 SQFT. 

2. Water flow shall be minimum 5 GPM at 60 PSI pressure. 

3. If, within 5 HRS, moisture appears on the inside face of the wall within the 
test area, the wall shall be recoated. 

B. Retest as required. 

C. Recoat as required until wall area remains dry within limits of testing procedure. 

D. Results of this test shall be used to determine material quantity in excess of 
manufacturer's minimum recommended amounts to be applied per square foot 
to the building surface. 

E. Protect adjacent materials not required to be coated. 

END OF SECTION
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SECTION 07 21 00 

BUILDING INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Building insulation. 

a. Does not include roof insulation or roof vapor retarder; see Specification 
Section 07 61 13. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3.  Section 07 19 00 - Liquid Water Repellent. 

4. Section 07 61 13 - Metal Roofing. 

5. Section 07 92 00 - Joint Sealants. 

6. Section 09 29 00 - Gypsum Board. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. C272, Standard Test Method for Water Absorption of Core Materials for 
Structural Sandwich Constructions 

b. C423, Standard Test Method for Sound Absorption and Sound 
Absorption Coefficients by the Reverberation Room Method. 

c. C518, Standard Test Method for Steady-State Thermal Transmission 
Properties by Means of the Heat Flow Meter Apparatus. 

d. C578, Standard Specification for Rigid, Cellular Polystyrene Thermal 
Insulation. 

e. C665, Standard Specification for Mineral-Fiber Blanket Thermal 
Insulation for Light Frame Construction and Manufactured Housing. 

f. D1621, Standard Test Method for Compressive Properties of Rigid 
Cellular Plastics. 

g. E96, Standard Test Methods for Water Vapor Transmission of Materials. 

2. International Energy Conservation Code (IECC) 2015 Edition, including all 
amendments. 

3. Underwriters Laboratories, Inc. (UL): 

a. Building Materials Directory. 
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B. Mock-Ups: 

1. Provide insulation for mock-ups required in Specification Section 04 22 00. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Manufacturer's recommendations on sealants, tapes and mastics. 

B. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Certification from insulation manufacturer stating that insulation proposed is 
acceptable for intended use per the Drawings. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Rigid polyisocyanurate foam board insulation: 

a. Dow. 

b. Dyplast Products. 

c. Hunter Panels. 

d. Other manufacturers meeting the requirements of this Specification 
Section. 

2. Sound control insulation: 

a. Roxul. 

b. Thermafiber. 

3. Vapor retarder: 

a. Raven Industries. 

b. Reef Industries. 

c. Fortifiber Corp. 

d. Alumiseal. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 
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2.2 MATERIALS 

A. General: 

1. Foam plastic insulation used in buildings and structures shall comply with 
the requirements of the Building Code. 

a. Surface burning characteristics:  ASTM E84. 

b. Flame spread index:  Maximum 75. 

c. Smoke developed:  Maximum 450. 

B. Rigid Polyisocyanurate Foam Board Insulation: 

1. ASTM C1289, Type 1 Class 1. 

2. Compressive Strength:  ASTM D1621, Minimum 25 PSI. 

3. CFC and HCFC free. 

4. Ozone depletion potential:  0. 

5. Foil facers or foil/kraft/foil facer on front and back side. 

a. Facers shall be treated to eliminate corrosive action of aluminum foil 
contacting masonry, mortar and concrete. 

6. Fire resistance:  ASTM E84. 

a. Flame spread:  Less than 25. 

b. Smoke developed:  Less than 450. 

7. Provide insulation designed for intended use. 

8. R-Value:  Minimum 5.7 R per IN. 

9. Required thickness:  1-1/2 IN (R8.55) 

10. Meets minimum IECC Requirements for air barrier compliance. 

C. Sealant and Mastic (for setting polystyrene and/or polyisocyanurate insulation 
board):  Manufacturer's recommended standard. 

D. Sound Control Insulation: 

1. Mineral wool batts. 

a. ASTM C665, Type I. 

b. UL listed when used in fire rated construction. 

2. Density:  Minimum 2.5 PCF. 

3. Sound Reduction, ASTM C423. 

a. Minimum NRC for 3 IN thick material:  1.05. 

4. Thickness:  As noted on Drawings. 

5. Thermafiber “SAFB”. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions and IECC. 

B. General: 

1. Insulate full thickness over surfaces to be insulated. 

2. Fit tightly around obstructions, fill voids. 

3. Cover all penetrations (electrical junction boxes, switch boxes, piping, 
conduits, etc.) with insulation, taking care not to compromise the workings of 
the device. 

4. Fit butted joints of insulations tightly together. 

5. Apply single or double layer to achieve total thickness. 

a. If double layer is provided, stagger all joints minimum 12 IN. 

6. Do not use broken or torn pieces of insulation. 

7. Install so that completed installation is vapor tight. 

a. Seal all joints. 

b. Seal to abutting materials to maintain vapor retarder integrity and meet 
IECC air barrier requirements. 

c. Provide manufacturer’s recommended vapor retarder tape for use with 
faced batt insulation or separate vapor retarder. 

1) If vapor retarder tape fails to adhere to any surface, apply sprayed-on 
adhesive as recommended by tape manufacturer to promote 
adhesion. 

C. Rigid Board Insulation in Cavity Walls: 

1. Do not proceed with installation until subsequent work which conceals 
insulation is ready to be performed. 

2. Set each piece of insulation flush with the abutting piece to eliminate ledges 
in the face of the insulation. 

3. Install mastic on face of concrete or masonry back-up in accordance with 
mastic and insulation manufacturer's recommendation. 

4. Press courses of insulation between wall ties (horizontal reinforcing) with 
edges butted tightly both ways. 

5. Set units firmly into mastic. 

6. Seal all horizontal and vertical joints with sealant recommended by 
insulation manufacturer. 

7. Do not use damaged insulation. 

D. Sound Control Insulation: 
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1. Install friction fit between studs. 

2. Do not obstruct ventilation spaces. 

3. Fill all miscellaneous voids unless noted otherwise on Drawings. 

4. After installation of conduit, boxes, piping or other items within wall system, 
reposition displaced insulation and fill all voids. 

3.2 FIELD QUALITY CONTROL 

A. Repair or replace damaged insulation and/or accessories as directed by 
Engineer. 

END OF SECTION
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SECTION 07 26 00 

UNDER SLAB VAPOR RETARDER 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Under slab vapor retarder. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. 302.2R, Guide for Concrete Slabs that Receive Moisture-Sensitive 
Flooring Materials. 

2. ASTM International (ASTM): 

a. D882, Standard Test Method for Tensile Properties of Thin Plastic 
Sheeting. 

b. D1709, Standard Test Methods for Impact Resistance of Plastic Film by 
the Free-Falling Dart Method. 

c. E96, Standard Test Methods for Water Vapor Transmission of Materials. 

d. E1643, Standard Practice for Selection, Design, Installation, and 
Inspection of Water Vapor Retarders Used in Contact with Earth or 
Granular Fill Under Concrete Slabs. 

e. E1745, Standard Specification for Plastic Water Vapor Retarders Used in 
Contact with Soil or Granular Fill Under Concrete Slabs. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Product data sheet on vapor retarder sheet and vapor retarder tape. 

c. All accessories proposed for use. 

d. Manufacturer's installation instructions. 
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B. Samples: 

1. Provide two (2) 6 IN x 6 IN samples of vapor retarder material taped 
together using the vapor retarder tape proposed. 

2. Provide two (2) samples of all accessories proposed for use. 

C. Informational Submittals:  Manufacturer's recommendation on vapor retarder 
tape. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Vapor retarder: 

a. Fortifiber Corporation. 

b. Layfield Group 

c. Raven Industries. 

d. Reef Industries. 

e. Stego Industries. 

f. WR Meadows, Inc. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 PERFORMANCE REQUIREMENTS 

A. Vapor Retarder: 

1. ASTM E1745, Class A. 

2. Thickness:  Minimum 15 MIL. 

3. Water vapor permeance:  0.03 maximum per ASTM E96. 

4. Puncture resistance:  ASTM D1709, Method B, 2200 grams. 

5. Minimum tensile strength:  45 LBS/IN, ASTM D882. 

2.3 ACCESSORIES 

A. Pipe Boots:  Manufacturer's standard boot fabricated to maintain the integrity of 
the vapor retarder system. 

B. Vapor Retarder Tape:  As recommended by vapor retarder manufacturers. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions, ASTM E1643 
and ACI 302.2R. 
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B. Provide vapor retarder where indicated on the Drawings. 

1. Place continuous vapor retarder above granular fill subgrade material, 
unless noted otherwise. 

C. Lap minimum 6 IN and seal in accordance with ASTM E1643 and 
manufacturer's recommendations. 

D. Extend to extremities of area and seal to adjacent elements. 

E. Seal all penetrations:  Provide pipe boot for all pipes or conduit penetrating the 
floor slab. 

3.2 FIELD QUALITY CONTROL 

A. Ensure proper precautions are implemented to prevent damage to installed 
vapor retarder membrane prior to and during pouring of concrete floor slab. 

B. Inspect vapor retarder immediately prior to placement of concrete. 

1. Patch all punctures, tears, holes, etc. 

a. Repair with additional layer of vapor retarder and seal entire patch with 
vapor retarder tape or as recommended by manufacturer. 

b. Lap all repairs minimum 6 IN. 

END OF SECTION
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SECTION 07 61 13 

METAL ROOFING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Vapor retarder. 

2. Thermal barrier sheathing. 

3. Roof insulation. 

4. Standing seam metal roofing. 

5. Prefinished gutters and downspouts. 

6. Soffit panels. 

7. Sheet metal work required for roofing. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 04 05 23 - Masonry Accessories. 

4. Section 06 10 00 - Rough Carpentry. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Architectural Manufacturers Association (AAMA): 

a. 621, Voluntary Specifications for High Performance Organic Coatings on 
Coil Coated Architectural Hot Dipped Galvanized (HDG) and Zinc-
Aluminum Coated Steel Substrates. 

2. ASTM International (ASTM): 

a. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) 
or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. 

b. A792, Standard Specification for Steel Sheet, 55 PCT Aluminum-Zinc 
Alloy-Coated by the Hot-Dip Process. 

c. C209, Standard Test Methods for Cellulosic Fiber Insulating Board. 

d. C1289, Standard Specification for Faced Rigid Cellular Polyisocyanurate 
Thermal Insulation Board. 

e. D882, Standard Test Method for Tensile Properties of Thin Plastic 
Sheeting. 
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f. D1970, Standard Specification for Self-Adhering Polymer Modified 
Bituminous Sheet Materials Used as Steep Roofing Underlayment for Ice 
Dam Protection. 

g. D4833, Standard Test Method for Index Puncture Resistance of 
Geomembranes and Related Products. 

h. E96, Standard Test Methods for Water Vapor Transmission of Materials. 

i. E1592, Standard Test Method for Structural Performance of Sheet Metal 
Roof and Siding Systems by Uniform Static Air Pressure Difference. 

j. E1646, Standard Test Method for Water Penetration of Exterior Metal 
Roof Panel Systems by Uniform Static Air Pressure Difference. 

k. E1680, Standard Test Method for Rate of Air Leakage Through Exterior 
Metal Roof Panel Systems. 

l. E1745, Standard Specification for Water Vapor Retarders Used in 
Contact with Soil or Granular Fill under Concrete Slabs. 

m. F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws, 
and Studs. 

3. Sheet Metal and Air Conditioning Contractors' National Association 
(SMACNA): 

a. Architectural Sheet Metal Manual, Sixth Edition, 2003. 

4. Underwriters Laboratories, Inc. (UL): 

a. Building Materials Directory. 

b. Fire Resistance Directory. 

c. 580, Standard for Tests for Uplift Resistance of Roof Assemblies. 

d. 790, Standard Test Methods for Fire Tests of Roof Coverings. 

e. 1256, Fire Test of Roof Deck Constructions. 

5. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2018 Edition 
including all amendments, referred to herein as Building Code. 

2) International Energy Conservation Code (IECC), 2015 Edition 
including all amendments.  

B. Qualifications: 

1. Manufacturer shall have minimum of 10 years experience in the production 
of structural standing seam metal roofing. 

a. All structural components of the roof system shall be designed and 
sealed by registered professional structural engineer licensed in the 
State of Texas. 

2. Installing contractor shall be licensed or approved in writing by 
manufacturer. 
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3. Contractor and installer shall have minimum of seven (7) years experience 
in the installation of structural standing seam metal roof systems similar to 
system specified. 

4. Contractor and installer shall have successfully completed two (2) projects 
of similar size, scope and complexity within past two (2) years. 

5. All roll forming performed on-site shall be supervised by personnel trained 
and employed by the roofing manufacturer. 

a. Roofing manufacturer shall have been engaged in field roll forming for a 
minimum of 15 years with experience in roll forming long panels similar 
to panels being used. 

C. Mock-Ups: 

1. Prior to start of permanent roof construction construct mock-ups of roofing 
system. 

a. Mock-ups shall be of sufficient size to properly display all components 
required by the roofing system. 

b. Mock-ups shall be a minimum 5 FT x 5 FT in size. 

c. Provide multiple mock-ups as required to illustrate the different roof 
configurations. 

2. Mock-ups shall incorporate all components, specified and/or required but not 
specified, needed for a complete water and airtight roofing fascia, and soffit 
system. 

a. Components include, but are not limited to: 

1) Vapor retarder, thermal barrier sheathing, roof insulation. 

2) Roofing panels, including mounting system and seaming.  

3) All fascia and soffit conditions. 

4) All flashing and counterflashing conditions, including: 

a) Eave, rake, hip and ridge conditions. 

b) Roof/vertical wall intersections. 

c) Roof penetrations. 

d) All reglet conditions. 

5) All miscellaneous clips, angles, plates, brackets, closures and 
sealants. 

6) Gutter and downspouts.  

3. Panels shall be same panels as specified or approved for Project. 

a. Exact color is not necessary; however, Contractor is to label each 
exposed component to identify final installed color of component. 

4. Step construction to allow observation of all components. 

5. Construct additional mock-ups or rework existing mock-ups until acceptable 
to Engineer. 
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6. Maintain mock-ups at project site until Engineer approves removal of mock-
ups. 

7. Approved mock-ups to constitute minimum acceptable standard of quality 
for actual construction. 

D. Completed roof system to be inspected by roof manufacturer's authorized 
factory trained representative prior to issuance of roof warranty. 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

B. Steep Slope:  Having a pitch of 3:12 or greater. 

C. Low Slope:  Having a pitch less than 3:12 but greater than 1/4:12. 

D. PVDF:  Polyvinylidene fluoride. 

1.4 SYSTEM DESCRIPTION 

A. Prefinished, field-insulated, structural standing seam metal roof system, 
including but not limited to: 

1. Thermal barrier sheathing. 

2. Ice and water shield. 

3. Roof insulation. 

4. Structural standing seam metal roof panels. 

a. Roof panel support and attachment system to be determined by standing 
seam roof manufacturer. 

B. All flashing and miscellaneous trim required for a complete water and airtight 
system, including but not limited to: 

1. Reglets. 

2. Flashing. 

3. Counterflashing. 

4. Sealants. 

C. Flat metal fascia system. 

D. Prefinished gutters and downspouts. 

E. Prefinished aluminum soffit panels. 

1.5 SUBMITTALS 

A. Shop Drawings: 
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1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Fabrication and/or layout drawings: 

a. Manufacturer prepared computer generated Drawings showing 
anchorage, flashing, jointing and all other accessories required and all 
special detailing required by the system. 

1) Minimum plan scale:  1 IN = 8 FT. 

2) Minimum detail scale:  1-1/2 IN = 1 FT. 

b. Provide complete erection plan for each building structure with all details 
and sections referenced, all penetrations shown, expansion joints shown, 
detailed and referenced, and all special conditions identified, referenced 
and detailed. 

c. Erection plan to identify limits of each different substrate material 
(decking). 

d. Provide distinction between factory and field assembled work. 

3. Product technical data including: 

a. Manufacturer data sheets on each component, including masonry reglets 
used in the roof system. 

b. Acknowledgement that products submitted meet requirements of 
standards referenced. 

1) Certification by manufacturer that roofing assembly being supplied 
has been successfully tested under UL 580 procedures and has 
achieved a Class 90 rating. 

4. Test results: 

a. UL 580, Class 90 test data. 

b. ASTM E1592 test results. 

1) Provide results of tests conducted in accordance with ASTM E1592 
for panel size and gage and clip type and spacing similar to panels 
and clips being used. 

c. ASTM E1646 and ASTM E1680 test results. 

d. Concentrated load test data. 

1) Load test to be conducted on panel size, gage and with clip spacing 
as required. 

5. Qualifications: 

a. Manufacturer:  Provide structural engineer qualifications. 

b. Contractor: 

1) Certification of approval or license to install product from 
manufacturer. 

2) Certification of experience. 
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3) Listing of projects completed in the past two (2) years with similar 
scope. 

4) Completed projects information to include, square footage of roofing 
installed, dollar value of roofing installed, manufacturer and type of 
roofing installed and contact name and telephone number of building 
Owner. 

c. Installer:  Provide qualifications of all personnel expected to be working 
on the Project. 

6. Roofing manufacturer's letter of approval for insulation proposed for use. 

7. Warranty:  Sample language of manufacturer's warranty to be provided on 
this Project. 

8. Structural Engineer's sealed and signed calculations certifying that system 
structural components meet the requirements for lateral, upward and 
downward loads specified. 

B. Samples: 

1. General:  Tag, identify and provide statement regarding use for all fasteners, 
anchor clips, closures and sealants. 

2. Roof panel: 

a. Two (2) samples, full width, 24 IN long. 

b. Provide color selected or specified when possible. 

3. Fasteners. 

4. Anchor clips. 

5. Closures, (both metal and non-metallic). 

6. Masonry reglet. 

7. Factory and field applied sealants. 

8. Color samples: 

a. For initial preliminary color selection, provide manufacturer's color chart 
showing all colors available. 

b. For final color selection, provide two (2) 2 IN x 3 IN colored metal 
samples, for each color selected during the initial color selection. 

C. Contract Closeout Information: 

1. Operation and Maintenance Data: 

a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

D. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 
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2. Final warranty. 

1.6 WARRANTY 

A. Provide 10 year complete system warranty, including material and material 
substrate for air and weather tightness of entire roof assembly signed by 
manufacturer. 

1. Warranty limits shall meet the minimum load capacity requirements of ASTM 
E1592. 

B. Provide manufacturer's 20 year warranty on panel finish against fading, 
chipping, cracking and peeling of the panel exterior finish and/or erosion of 
substrate metal. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Metal roofing products basis of design:  

1. Sloped roofs:  Berridge C-lock with vinyl weather seals. 

2. Curved roofs:  Berridge double-lock zee-lock system with vinyl weather 
seals. 

B. Manufacturers listed and other manufacturers not listed, but capable of meeting 
this Specification Section, are expected to provide a system with similar profile, 
standing seam height, spacing, construction and factory applied finish. 

C. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Metal roofing: 

a. Berridge. 

b. Centria. 

c. Merchant and Evans - Zip Rib. 

d. Other manufacturers capable of providing structural standing seam 
system and profiles similar to that specified will be considered. 

2. Vapor retarder: 

a. Griffolyn. 

3. Thermal barrier sheathing. 

a. Georgia Pacific. 

b. USG. 

4. Ice and water shield. 

a. Grace. 

5. Insulation:  Any manufacturer meeting these specifications and approved by 
metal roofing manufacturer. 
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6. PVDF resin: 

a. PPG - DURANAR. 

b. Valspar - Fluropon. 

c. Arkema Inc. - KYNAR 500. 

d. Solvay Solexis - HYLAR 5000. 

e. Solvay Solexis - HYLAR 5000. 

7. Soffit panels:  Provided by metal roofing panel manufacturer. 

8. Structural roof curbs: 

a. Masonry reglets:  See Specification Section 04 05 23. 

D. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Roof Panels: 

1. General: 

a. Galvalume steel, ASTM A792, Class SS, Grade 50B. 

1) Painted surfaces:  AZ50. 

2) Unpainted surfaces:  AZ55. 

B. Fascia Metal:  22 GA to match gutter material, finish and color. 

C. Soffit Panels:  Aluminum, ASTM B209. 

D. Insulation: 

1. Rigid polyisocyanurate. 

a. Approved by roofing manufacturer. 

E. Perimeter Trim, Panel Closures, Flashing and Counterflashing:  Material and 
factory applied finish to match roof panels. 

F. Fasteners:  300 series stainless steel, ASTM F593. 

G. Intermediate Support System: 

1. Galvanized steel:  ASTM A653, Class SS, Grade 50, G90. 

H. Sealant:  Manufacturer's standard non-curing butyl. 

I. Thermal Barrier Sheathing. 

1. Gypsum board sheathing:  ASTM C1177. 

a. Water and moisture-resistant treated gypsum core.  

b. Glass mat facing front and back. 

2. Mold resistant:  ASTM D3273. 

3. Class 'A' fire rated per UL 790. 
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4. Flame spread 15 and smoke developed 0 when tested in accordance with 
ASTM E84 or UL 723. 

5. Thickness:  1/2 IN. 

6. Compatible with roofing vapor retarder, insulation and adhesives. 

7. Georgia-Pacific "DensDeck Roof Board". 

J. Ice and water shield. 

1. Basis of design:  Grace Ice and Water Shield or approved equal. 

2. Thickness:  Minimum 40 MIL. 

3. Meets IECC requirements for air barrier compliance. 

K. Masonry Reglets:  See Specification Section 04 05 23. 

2.3 ACCESSORIES 

A. Gutters and Downspouts: 

1. General: 

a. Galvalume steel, ASTM A792, Class CS. 

1) Painted surfaces:  AZ50. 

2) Unpainted surfaces:  AZ55. 

3) Minimum thickness:  22 GA. 

4) All exposed surfaces to have finish and color to match roofing metal. 

2. Gutters: 

a. "Style D" gutter per SMACNA Figure 1-2. 

1) Seamless except for expansion joints. 

b. Gutter straps and eave closure flashing:  Match gutter material, finish and 
color. 

c. Size: 6 IN by 6 IN. At pump station curved roof extend outer leg nominal 2 
IN above roof.  Refer to drawings for configuration. 

3. Downspouts: 

a. SMACNA Figure 1-32B. 

1) Seam on concealed side of downspout. 

2) Provide gutter to downspout connection per SMACNA Figure 1-33B, 
Detail 1. 

b. Hanger straps:  Material and finish to match downspouts. 

c. Size: 5 IN by 5 IN 

B. Roof Insulation: 

1. Rigid polyisocyanurate foam board. 

a. ASTM C1289, Class I, Type II. 

b. Compressive strength:  20 PSI minimum. 



METAL ROOFING 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
METAL ROOFING 

07 61 13 - 10 OF 16 

c. Density:  2 PCF minimum. 

d. Thermal resistance (R-Value):  5.7/IN. 

e. Water vapor transmission:  ASTM E96, less than 1.0 perms. 

f. Water absorption:  ASTM C209, less than 1.0 PCT. 

g. R Value:  Minimum R-25. 

h. Acceptable to roof manufacturer. 

C. Roof Penetration Flashing: 

1. Round penetrations: 

a. Premolded EPDM boot with metal collar. 

b. Buildex "DEK-TITE." 

D. Foam and metal closures, sealant, gaskets, fasteners, washers, clips, angles, 
and all miscellaneous trims shall be provided by roofing manufacturer, 
fabricated for the specific condition as required. 

E. Soffit Panels: 

1. Minimum 0.032 IN aluminum, ASTM B209. 

2. Factory applied finish to match roof panels. 

3. AAMA 2605. 

4. Profile:  Flat interlocking sheet with reinforcing ribs as required to prevent 
warping and oil canning. 

5. Panel joints shall match standing seam spacing of roof panels when 
possible. 

6. Hat shaped steel channel sub-framing: 

a. 1 IN deep x 20 GA steel. 

b. Galvanized, ASTM A653. 

7. Basis of Design:  Berridge Vee-panel. 

F. Structural Roof Curbs: 

1. Minimum 18 GA steel. 

a. Galvanized ASTM A653, G90 coating. 

2. Insulated:  Minimum 1-1/2 IN rigid polystyrene with sheet metal liner. 

3. Factory installed fire-retardant treated wood nailer. 

4. Minimum 12 IN high. 

5. Fabricated to conform to roof pitch and roof panel profile indicated. 

6. ThyCurb Model TC-3. 

7. Exterior side of curb shall be covered in same material as roofing to match 
roofing. 
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2.4 FABRICATION 

A. General: 

1. Fabricate with square, true corners, mitered and welded. 

2. Fabricate trim, flashings and closure pieces to match panel profile and 
finish. 

3. Hem all edges. 

4. Fabricate panels in full length with no end laps. 

B. Standing Seam Metal Roof Panels: 

1. Profile:   

a. Sloped roofs:  Berridge C-lock with vinyl weather seals. 

b. Curved roofs:  Berridge Double-lock Zee-lock system with vinyl 
weatherseals. 

2. Height of standing seam:   

a. 1-1/2 IN for C-lock system. 

b. 2 IN for Double-lock Zee-lock system. 

3. Gage:  Minimum 24. 

4. Width: 

a. 16 IN. 

b. Longitudinal stiffening elements to minimize oil canning. 

5. System shall be designed as a true structural standing seam shape. 

6. Finish: 

a. PVDF based with minimum 70 PCT resin. 

b. Three-coat system having minimum 0.8 MIL epoxy primer coat on both 
sides of panel with a 0.8 MIL PVDF resin color coat and a 0.8 MIL PVDF 
resin clear top coat on the exterior side of the panel. 

c. Meet or exceed requirements of AAMA 621. 

d. Smooth finish. 

e. Color: 

1) To be selected from manufacturers full range of primary and 
secondary colors. 

a) Does not include exotic, metallic flake or iridescent colors. 

7. Concealed fasteners: 

a. Provide concealed fasteners in all locations. 

b. If exposed fasteners are required by the roof panel manufacturer, 
because of location, constructability issues or other critical design 
requirement, finish of fastener shall match roof panel finish. 

1) Exposed fasteners are to be approved by Engineer. 
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c. The use of deflection limiter devices is not allowed. 

C. Intermediate Support System: 

1. Roof panel anchor clips: 

a. Manufacturer's standard one-piece clip suitable for condition. 

1) Two-piece clips are acceptable if required by roofing manufacturer. 

b. Minimum 16 GA steel. 

1) Galvanized, ASTM A653, G90. 

2. Roof panel manufacturer shall be responsible for designing and providing all 
necessary intermediate "Z" or "hat-shaped" or other miscellaneous support 
members as required to transfer roof panel loads into building roof framing 
members. 

a. Design in accordance with Building Code and loads shown on the 
Structural Drawings. 

3. Bearing plates: 

a. Sized by roofing manufacturer for roof loading indicated. 

b. Minimum 16 GA steel. 

1) Galvanized, ASTM A653, G90. 

2.5 SOURCE QUALITY CONTROL 

A. Roof assembly to be Class A roof covering assembly per UL 1256. 

B. Structural Testing: 

1. The system shall be designed to safely resist the positive and negative 
loads per Building Code and as shown on Structural Drawings. 

2. Structural-uniform uplift load capacity of the panel system shall be 
determined in accordance with ASTM E1592. 

a. The factor of safety on the test results shall be 1.65 for the panel, batten 
or clip ultimate loads with no increase for wind. 

b. The factor of safety for fasteners shall be 3.0 for one (1) single fastener 
per clip, 2.25 for two (2) fasteners per clip and 4.0 IN masonry. 

c. Design uplift capacity for conditions of gage, span or loading other than 
those tested may be determined by interpolation of test results. 

1) Extrapolation of conditions outside the range of the tests is not 
acceptable. 

d. Deflection shall be L/180 for positive loading. 

C. Water Penetration:  No uncontrollable leakage at minimum 6.4 PSF when 
tested in accordance with ASTM E1646. 

D. Air Infiltration:  Maximum 0.036 scfm/SF when tested at 4.0 PSF differential 
pressure when tested in accordance with ASTM E1680. 

E. Fire Resistance: 
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1. UL 790, Class 1. 

F. Wind Uplift Rating: 

1. Refer to Structural Drawings. 

G. The panels shall withstand a 250 LB concentrated load applied to a 4 SQIN 
area at the center of the panel at mid span between supports with no panel 
deformation, rib buckling, or panel sidelap separation which will adversely affect 
the weather tightness of the system. 

H. Support roofing panels on top of roof insulation using bearing plates attached to 
the structural frame or connect to manufacturer-provided intermediate support 
system. 

1. Bearing plate and standing seam roof panel anchor clip attachment is to be 
determined by the roofing manufacturer and shall take precedent over this 
Specification. 

a. Provide attachment to roof structural frame or deck as required for 
loading criteria specified. 

2. Roof panel anchor clips shall be designed to allow thermal movement of the 
panels except where specific fixed points are indicated. 

a. Roof panel manufacturer shall be responsible for determining fixed point 
locations unless otherwise indicated. 

3. Wood blocking shown at roof edge is strictly for attachment of miscellaneous 
flashings and shall not be used for any structural value. 

4. Maximum spacing of roof clips shall be determined by manufacturer. 

I. Roof panel manufacturer shall be responsible for designing and installing all 
necessary expansion joints in the roof system. 

1. Where roof expansion joints occur, provide corresponding expansion joints 
in fascia, soffit and gutters. 

2.6 MAINTENANCE MATERIALS 

A. Provide Owner with 4 OZ of touch-up paint to match each different color used in 
the system. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. General: 

1. Install products in accordance with manufacturer's instructions, IECC, 
SMACNA (where referenced) and details shown on Drawings for a complete 
weathertight installation without waves, warps buckles or distortions. 

a. Provide all closures, trim, angles, plates, sealant, gaskets, fasteners, 
washers, etc., as necessary. 
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2. Attachments shall allow for thermal expansion and contraction. 

3. Seal all joints as required for watertight installation. 

4. Touch-up paint all damaged surfaces. 

B. Vapor Retarder: 

1. Install on winter warm side of roof assembly in accordance with 
manufacturer's recommendations. 

2. Lap joints minimum:  4 IN. 

3. Seal to perimeter, tape all joints and repair all tears. 

C. Thermal Barrier Sheathing: 

1. Install in accordance with manufacturer’s recommendations and UL listed 
assembly as required to provide fire-resistance rating for roof assembly. 

D. Roof Insulation: 

1. Install in accordance with manufacturer’s recommendations. 

2. If multiple layers are provided to achieve total thickness as shown on 
Drawings, stagger joints minimum 12 IN in each direction. 

E. Ice and Water Shield: 

1. Install per manufacturer's recommendations in areas indicated on Drawings. 

2. Provide continuous coverage over entire roof area. 

3. Extend down fascia and below soffit back to wall insulation. 

4. Install in accordance with IECC to ensure continuous air barrier for building 
envelope system. 

F. Standing Seam Roofing Panels: 

1. Install in one (1) continuous length from ridge to eave. 

2. Hand crimp battens at each clip. 

3. Seam panels and battens together with portable electric seaming machine 
supplied by the manufacturer. 

4. Install curved panels in accordance with manufacturer’s instructions. 

G. Soffit Panels: 

1. Install in accordance with manufacturer's recommendations using concealed 
fasteners when possible. 

2. Exposed fasteners to be painted to match soffit finish. 

H. Installation of Structural Roof Curbs: 

1. Install roof curbs on decking. 

2. Attach to metal decking using sheet metal screws. 
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a. Provide fasteners at maximum 8 IN OC with minimum of one (1) fastener 
at each corner of curb. 

3. Install flashing curb in accordance with roofing manufacturer's standard 
flashing details. 

a. Provide sheet metal flashing and counterflashing as required for 
weather-tight installation. 

I. Gutters: 

1. Install gutters using gutter straps in accordance with SMACNA Table 1-8 
and Figure 1-12 and per roofing manufacturer's recommendations. 

a. Provide gutter brackets or hangers at 24 IN OC maximum. 

b. Provide expansion joints in gutters per SMACNA and at expansion joint 
locations shown on Drawings. 

c. Install gutters to provide positive drainage to downspout locations. 

d. Seal all joints in gutters to provide completely water tight system. 

J. Downspouts: 

1. Install downspouts in locations shown on the Drawings. 

2. Provide downspout hanger straps per SMACNA Figure 1-35 as appropriate 
for downspout style. 

3. Provide gutter to downspout connection per SMACNA Figure 1-33B, Detail 
1. 

4. Seal all joints in downspout for a complete watertight system. 

a. Angle bottom of downspout out away from building. 

5. Fasten hanger straps to building wall with stainless steel screws and anchor 
sleeves appropriate for wall construction. 

a. Provide minimum of two (2) fasteners per strap. 

6. Maximum spacing of hanger straps shall be 10 FT with minimum of two (2) 
hanger straps per vertical piece of downspout. 

7. Spacing and location of hanger straps shall be consistent from downspout to 
downspout. 

END OF SECTION
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SECTION 07 62 00 

FLASHING AND SHEET METAL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Architectural flashing and sheet metal work. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 04 05 23 - Masonry Accessories. 

4. Section 07 61 13 - Metal Roofing. 

5. Section 07 92 00 - Joint Sealants. 

6. Section 09 91 10 - Architectural Painting. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Architectural Manufacturers Association (AAMA): 

a. 2605, Voluntary Specification, Performance Requirements and Test 
Procedures for Superior Performing Organic Coatings on Aluminum 
Extrusions and Panels. 

2. American National Standards Institute/Single Ply Roofing Industry 
(ANSI/SPRI): 

a. ES-1, Wind Design Standard for Edge Systems Used with Low Slope 
Roof Systems. 

3. ASTM International (ASTM): 

a. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) 
or Zinc-Iron Alloy Coated (Galvannealed) by the Hot-Dip Process. 

b. A666, Standard Specification for Annealed or Cold-Worked Austenitic 
Stainless Steel Sheet, Strip, Plate, and Flat Bar. 

c. B32, Standard Specification for Solder Metal. 

d. B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet 
and Plate. 

4. FM Global (FM). 

5. Sheet Metal and Air Conditioning Contractors' National Association 
(SMACNA): 

a. Architectural Sheet Metal Manual, Seventh Edition, 2012. 
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B. Qualifications: 

1. Sheet metal fabricator shall have minimum 10 years experience in 
fabrication of sheet metal items similar to items specified. 

2. Sheet metal installer shall have minimum five (5) years experience installing 
sheet metal items specified. 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

B. PVDF:  Polyvinylidene fluoride. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

3. Fabrication and/or layout drawings. 

a. Scaled drawing showing expansion joint locations, special conditions, 
profile, fastening and jointing details. 

1) Minimum plan scale:  1/8 IN = 1 FT. 

2) Minimum detail scale:  1-1/2 IN = 1 FT. 

4. Fabricator qualifications. 

5. Installer qualifications. 

B. Samples: 

1. Finish and color samples for each product specified for Engineer preliminary 
color selection. 

2. For final color selection, provide two (2) 2 IN x 3 IN colored metal samples 
for each color selected during the preliminary color selection. 

C. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Warranty:  Manufacturer's sample warranty language. 



WHCRWA 

FLASHING AND SHEET METAL CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
FLASHING AND SHEET METAL 

07 62 00 - 3 OF 6 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Pre-finished sheet metal: 

a. Carlisle. 

b. Firestone Building Products. 

c. Petersen Aluminum Corp. 

2. Butyl sealant: 

a. Pecora. 

b. Sika. 

c. Tremco. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Sheet Metal: 

1. Galvanized Steel:  ASTM A653. 

B. Fasteners:  Non-ferrous compatible with sheet metal. 

C. Sealants:   

1. Non-curing Butyl Sealant: 

a. Pecora “BA-98 IN. 

b. Sika “SikaLastomer 511 IN. 

c. Tremco “TremPro JS-773 IN. 

2. Building sealants: 

a. See Specification Section 07 92 00. 

D. Fasteners:  Non-ferrous compatible with sheet metal. 

E. Retainer Clips and Continuous Cleats:  Galvanized steel or stainless steel. 

F. Solder:  ASTM B32. 

G. Dissimilar Metal Protection:  Comply with Specification Section 09 91 10. 

H. Reglets:  See Specification Section 04 05 23. 

2.3 MANUFACTURED ITEMS 

2.4 FABRICATED ITEMS 

A. General: 

1. Shop fabricate items to maximum extent possible. 
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a. Fabricate true and sharp to profiles and sizes indicated on Drawings. 

1) Shop fabricate and weld or solder all corners. 

2. Pre-finished steel: 

a. Galvanized, G-60 or Galvalume, AZ-55. 

b. Thickness:  Minimum 22 GA. 

c. Texture:  Smooth. 

d. Coated on exposed face with PVDF coating having a minimum 70 PCT 
resin content and a minimum 1.0 MIL dry film thickness. 

1) Meet requirements of AAMA 2605. 

2) Color:  From Manufacturer’s available standard and premium colors. 

B. Retainer Clips and Continuous Cleats: 

1. 0.050 IN stainless steel. 

C. Gutters and Downspouts for metal roofing:  See Specification Section 07 61 13. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Provide items to be built into other construction to Contractor in time to allow 
their installation. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions, SMACNA, and 
as indicated on Drawings. 

B. Weld aluminum to achieve weathertight joints and required details. 

1. Do not weld slip joints. 

2. Touch-up damaged prefinished items. 

C. Set top edges of membrane flashing and sheet metal flashing into reglets 
wherever practicable. 

1. Surface applied terminations will be allowed only where specifically detailed 
or otherwise approved in writing by the Engineer. 

2. Provide counterflashing at all reglets. 

3. Seal reglets and counterflashings in accordance with Specification Section 
07 92 00. 

D. Fasten materials at intervals recommended by SMACNA. 

E. Install slip joints to allow for thermal movement as recommended by SMACNA 
and manufacturer. 

1. Maximum spacing:  10 FT OC. 

2. Provide slip joint 24 IN from corners. 
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3. Provide slip joint at each vertical expansion joint location in wall. 

a. Provide break in continuous cleat at each vertical expansion joint. 

b. The above expansion joints do not include brick veneer expansion joints. 

F. Seal slip joints with two (2) beads of non-curing butyl sealant on each side of 
slip joint overlap. 

G. Form flashings to provide spring action with exposed edges hemmed or folded 
to create tight junctures. 

H. Provide dissimilar metals and materials protection where dissimilar metals 
come in contact or where sheet metal contacts mortar, concrete masonry or 
concrete. 

I. Provide all miscellaneous sheet metal items not specifically covered elsewhere, 
as indicated or required to provide a weathertight installation. 

1. Provide all components necessary to create weather-tight junctures between 
roofing and sheet metal work. 

END OF SECTION



FLASHING AND SHEET METAL 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
FLASHING AND SHEET METAL 

07 62 00 - 6 OF 6 

This page intentionally left blank. 



WHCRWA 

FIRESTOPPING CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
FIRESTOPPING 
07 84 00 - 1 OF 6 

SECTION 07 84 00 

FIRESTOPPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Firestopping of joints, through-wall penetrations, and membrane 
penetrations of fire-resistance rated construction. 

2. Selection of firestopping assemblies. 

3. Engineering Judgments. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

C. Firestopping:  Material or combination of materials used to retain integrity of fire 
rated construction by maintaining an effective barrier against the spread of 
flame, smoke, and hot gases through penetrations in fire rated wall and floor 
assemblies. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. E84, Standard Test Method for Surface Burning Characteristics of 
Building Materials. 

b. E119, Standard Test Methods for Fire Tests of Building Construction and 
Materials. 

c. E814, Standard Method of Fire Tests of Through Penetration Fire Stops. 

d. E1966, Standard Test Method for Fire Resistive Joint Systems. 

e. E2174, Standard Practice for On-Site Inspection of Installed Fire Stops. 

f. E2393, Standard Practice for On-Site Inspection of Installed Fire 
Resistive Joint Systems and Perimeter Fire Barriers. 

g. E2837, Determining the Fire Resistance of Continuity Head-of-Wall Joint 
Systems Installed Between Rated Wall. 

2. International Firestop Council (IFC). 

a. Recommended IFC Guidelines for Evaluating Firestop Systems in 
Engineering Judgments (EJs), referred to herein as IFC Recommended 
Guidelines. 

3. National Fire Protection Association (NFPA). 

a. 101, Life Sfaety Code. 
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b. 220, Standard on Types of Building Construction. 

c. 221, Standard for High Challenge Fire Walls, Fire Walls, and Fire 
Barriers. 

d. 251, Standard Methods of Tests of Fire Resistance of Building 
Construction and Materials. 

e. 255, Standard Method of Test of Surface Burning Characteristics of 
Building Materials. 

4. Underwriters Laboratories, Inc. (UL): 

a. 263, Fire Tests of Building Construction and Materials. 

b. 723, Surface Burning Characteristics of Building Materials. 

c. 1479, Fire Tests of Through Penetration Fire Stops. 

d. 2079, Standard for Tests for Fire Resistance of Building Joint Systems. 

5. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2018 Edition 
including all amendments, referred to herein as Building Code. 

2) International Fire Code and associated standards, 2015 Edition 
including all amendments, referred to herein as the Fire Code. 

B. Qualifications: 

1. Firestop system installations must meet the requirements of ASTM E814, 
UL 1479 or UL 2079 tested assemblies that provide a fire rating equal to that 
of the construction being penetrated. 

2. Proposed firestop systems shall conform to applicable governing codes 
having local jurisdiction. 

3. For those fire stop applications that exist for which no qualified tested 
system is available through a manufacturer, an engineering judgment 
derived from similar qualified tested system designs or other tests will be 
submitted to local authorities having jurisdiction for their review and approval 
prior to installation.  Engineering judgment documents shall follow the 
requirements set forth by the International Firestop Council. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data, including: 

a. Manufacturer’s listed design number. 

b. Manufacturer's installation instructions. 

c. Manufacturer’s specification and technical data for each material 
including the composition and limitations. 
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d. Data sheet for all products and accessories used. 

e. Detailed drawings of special conditions: 

1) Provide UL listing for each type of firestopping assembly to be used. 

2) When UL listing is not available, provide a written Engineering 
Judgment in accordance with IFC Recommended Guidelines. 

a) Engineering Judgments shall be sealed by a Fire Protection 
Engineer licensed in the State of Texas. 

1.4 DELIVERY, STORAGE AND HANDLING 

A. Deliver materials undamaged in manufacturer's clearly labeled original, 
unopened containers, identified with brand, type, and UL label where 
applicable. 

B. Coordinate delivery of materials with scheduled installation date to allow 
minimum storage time at job-site. 

C. Store materials under cover and protect from weather and damage in 
compliance with the manufacturer’s requirements, including temperature. 

D. Do not use damaged or expired materials. 

1.5 PROJECT CONDITIONS 

A. Schedule installation of firestopping after completion of penetrating item 
installation but prior to covering or concealing of openings. 

B. Verify existing conditions and substrates before starting work.  Correct 
unsatisfactory conditions before proceeding. 

C. Do not proceed with the installation of firestop materials when the ambient 
temperature is outside the manufacturer’s recommended limitations for 
installation and curing times as printed on the product label and product data 
sheet. 

D. During installation provide masking and drop cloths to prevent firestopping 
materials from contaminating any adjacent surfaces.  

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Safing insulation: 

a. Johns Manville. 

b. Owens-Corning. 

c. Fibrex. 

d. Roxul. 

2. Expanding silicone elastomer: 
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a. Any manufacturer UL listed for system used. 

3. Firestop sealant: 

a. Dow Corning. 

b. 3M Company. 

c. Specified Technologies Inc. 

d. Hilti. 

4. Moldable putty: 

a. 3M Company. 

b. Specified Technologies Inc. 

c. Hilti. 

d. Rector Seal. 

5. Fire barrier pillows: 

a. 3M Company. 

b. Specified Technologies Inc. 

c. Hilti. 

6. Collars: 

a. 3 M Company. 

b. Specified technologies Inc. 

c. Hilti. 

7. Expanding Foams: 

a. 3 M Company. 

b. Hilti. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. General: 

1. Use only materials that have been UL 1479 or ASTM E814 tested for 
specific fire-rated construction conditions conforming to construction 
assembly type, penetrating item type, annular space requirements, and fire 
rating involved for each separate item. 

B. Safing Insulation shall be tested to ANSI/UL 263 and listed in UL product 
category BZJZ, Batts and Blankets.  

C. Expanding Silicone Elastomer:  UL listed. 

1. Fill, Void or Cavity Materials:  Product category XHHW. 

2. Through Penetration Firestop Systems:  Product category XHEZ. 

D. Firestop Sealant:  UL listed one part silicone installed as required by the listed 
design.  
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E. Moldable Putty:  UL listed, product category QCSN or CLIV, Wall Opening 
Protective Materials.  

F. Firestop collars:  UL Listed. 

G. Fire Barrier Pillows: 

1. UL listed. 

2. Removable and reusable. 

3. Pillows have self-locking feature. 

H. Backer rod and/or compressible filler:  UL listed, product category XHHW, Fill, 
Void or Cavity Materials. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. General: 

1. Selection and installation of firestopping assemblies is entirely the 
responsibility of the Contractor.   

2. All firestopping shall be provided in accordance with the Building Code and 
UL listing requirements as necessary to provide the required fire-resistance 
rating. 

3. When UL listing is not available, install in accordance with approved written 
Engineering Judgment. 

4. All firestopping products shall be installed in accordance with the 
manufacturer’s instructions. 

5. Where firestopping will be exposed to view, provide colors matching 
adjacent construction or paint, if approved by manufacturer, only after 
inspection and approval by AHJ. 

6. Where firestopping is not exposed to view, provide manufacturer's standard 
color. 

B. Openings and Penetrations: 

1. Provide firestopping assembly tested in accordance with ASTM E814 or UL 
1479 for all openings, through-penetrations, and membrane penetrations in 
fire-rated construction. 

a. Provide Flame (F), Thermal (T), Smoke (L), and Water (W) rated 
assemblies as necessary to meet Building Code requirements. 

C. Building Joint Systems:   

1. Provide firestopping assembly tested in accordance with ASTM E1966 and 
ASTM E1399, or UL 2079 for all joint assemblies in or between fire-resistance-

rated walls, floors or floor/ceiling assemblies and roofs or roof/ceiling assemblies. 
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D. Refer to Specification Section 01 73 20 for openings and penetrations requiring 
fire stopping. 

3.2 IDENTIFICATION AND DOCUMENTATION 

A. Prior to acceptance by the Owner, provide written statement that all fire-rated 
penetrations have been sealed using products specified in accordance with UL 
requirements for required rating. 

B. Provide documents to the Owner of all listed systems installed and all 
engineering judgments. 

3.3 FIELD QUALITY CONTROL 

A. Provide Special Inspection of all firestopping in accordance with IBC Chapter 17 
and Specification Section 01 45 33. 

END OF SECTION 
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SECTION 07 92 00 

JOINT SEALANTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Sealing all joints which will permit penetration of dust, air or moisture. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 07 84 00 - Firestopping. 

4. Section 09 91 10 - Architectural Painting. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Concrete Institute (ACI): 

a. 302.1R, Guide for Concrete Floor and Slab Construction. 

2. ASTM International (ASTM): 

a. C834, Standard Specification for Latex Sealants. 

b. C920, Standard Specification for Elastomeric Joint Sealants. 

c. C1521, Standard Practice for Evaluating Adhesion of Installed 
Weatherproofing Sealant Joints. 

3. NSF International (NSF): 

a. 61, Drinking Water System Components -- Health Effects. 

4. Underwriters Laboratories, Inc. (UL). 

5. International Energy Conservation Code (IECC), 2015 Edition including all 
amendments. 

B. Qualifications:  Sealant applicator shall have minimum five (5) years experience 
using products specified on projects with similar scope. 

C. Mock-Ups: 

1. Before sealant work is started, a mock-up of each type of joint shall be 
sealed where directed by the Engineer. 

a. The approved mock-ups shall show the workmanship, bond, and color of 
sealant materials as specified or selected for the work and shall be the 
minimum standard of quality on the entire project. 
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b. Each sample shall cure for a minimum of seven (7) days at which time 
the sealant manufacturer's authorized factory representative shall 
perform adhesion tests on each sample joint. 

1) Perform adhesion tests per ASTM C1521. 

2) If mock-up is not acceptable or if adhesion test fails, provide 
additional mock-up and adhesion testing as required until acceptable 
to Engineer. 

1.3 DEFINITIONS 

A. Corrosive Areas Include:  Chemical building. 

B. Defect(ive):  Failure of watertightness or airtightness. 

C. Finish sealant:  Sealant material per this specification applied over face of 
compressible sealant or expanding foam sealant specified, to provide a 
finished, colored sealant joint. 

D. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

E. "Interior wet areas":  Toilets, showers, laboratories, and similar areas. 

F. "Seal," "sealing" and "sealant":  Joint sealant work. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Manufacturer's recommendations for joint cleaner, primer, backer rod, 
tooling and bond breaker. 

3. Certification from sealant manufacturer stating product being used is 
recommended for and is best suited for joint in which it is being applied. 

4. Certification of applicator qualification. 

B. Test Results: 

1. Provide adhesion test results for each sealant sample including adhesion 
results compared to adhesion requirements. 

2. Manufacturer's authorized factory representative recommended remedial 
measures for all failing tests. 
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C. Samples: 

1. Cured sample of each color for Engineer's color selection. 

2. Color chart not acceptable. 

D. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver material in manufacturer's original unopened containers with labels 
intact:  Labels shall indicate contents and expiration date on material. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Compressible sealant: 

a. Polytite Manufacturing Corporation. 

b. Emseal. 

c. Norton. 

d. Sandell. 

2. Expanding foam sealant: 

a. Macklanburg Duncan. 

b. Convenience Products. 

c. FAI International, Inc. 

3. Fire-resistant sealant:  See Specification Section 07 84 00. 

4. Polyether sealants: 

a. BASF. 

b. ChemLink, Inc. 

c. Tremco. 

5. Polysulfide rubber sealant: 

a. Pecora. 

b. BASF. 

c. PolySpec. 

6. Polyurea joint filler: 

a. Dayton Superior Specialty Chemical Corporation. 

b. Euclid Chemical Co. 

c. L&M Construction Chemicals, Inc. 
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d. BASF. 

7. Polyurethane sealants: 

a. Pecora. 

b. Sika Chemical Corp. 

c. BASF. 

d. Tremco. 

8. Silicone sealants: 

a. ChemLink. 

b. GE Construction Sealants. 

c. Dow Corning. 

d. Tremco. 

9. Open-Cell Polyurethane Foam 

a. Basis of Design: Emseal Colorseal. 

10. Backer rod, compressible filler, primer, joint cleaners, bond breaker:  As 
recommended by sealant manufacturer. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Sealants - General: 

1. Provide colors matching materials being sealed. 

2. Where compound is not exposed to view in finished work, provide 
manufacturer's color which has best performance. 

3. Nonsagging sealant for vertical and overhead horizontal joints. 

4. Sealants for horizontal joints:  Self-leveling pedestrian/traffic grade. 

5. Joint cleaner, primer, bond breaker:  As recommended by sealant 
manufacturer. 

6. Sealant backer rod and/or compressible filler: 

a. Closed cell polyethylene, polyethylene jacketed polyurethane foam, or 
other flexible, nonabsorbent, non-bituminous material recommended by 
sealant manufacturer to: 

1) Control joint depth. 

2) Break bond of sealant at bottom of joint. 

3) Provide proper shape of sealant bead. 

4) Serve as expansion joint filler. 

7. Exterior envelope sealants meet minimum 2015 IECC air leakage 
requirements. 

B. Compressible Sealant: 
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1. Foamed polyurethane strip saturated with polymerized polybutylene 
waterproofing coated on front face with nonreactive release agent that will 
act as bond breaker for applied sealant. 

a. Polytite Manufacturing Corp. "Polytite-B." 

2. Fire rated where required. 

3. Adhesive:  As recommended by sealant manufacturer. 

C. Expanding Foam Sealant: 

1. One (1) or two (2) component fire rated moisture cured expanding urethane. 

2. Shall not contain formaldehyde. 

3. Density:  Minimum 1.5 PCF. 

4. Closed cell content:  Minimum 70 PCT. 

5. R-value:  Minimum 5.0/IN. 

6. Flame spread:  Less than 25. 

7. Smoke developed:  Less than 25. 

D. Fire-Resistant Sealant:  See Specification Section 07 84 00. 

E. Polyether Sealant: 

1. Silyl-terminated polyether polymer. 

2. ASTM C920, Type S, Grade NS, Class 50, Use NT, M, A, and O. 

a. BASF MasterSeal 150. 

b. ChemLink DuraLink. 

c. Tremco Dymonic FC 

F. Polysulfide Rubber Sealant: 

1. One (1) or two (2) component. 

2. Meet ASTM C920. 

a. Pecora Synthacalk GC2+. 

b. PolySpec THIOKOL 2235. 

G. Polyurea Joint Filler: 

1. Two (2) component, semi-rigid material for filling formed or saw-cut control 
joints in interior concrete slabs. 

a. Dayton Superior Specialty Chemical Corp. "Joint Fill, Joint Seal, Joint 
Saver II" as required for condition and recommended by manufacturer. 

b. Euclid Chemical Co. "EUCO QWIK" joint. 

c. L&M Construction Chemicals, Inc. "Joint Tite 750 IN. 

d. BASF MasterSeal “CR100 IN control joint filler. 
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2. Comply with ACI 302.1R performance recommendations regarding control 
and construction joints. 

3. Color:  Gray. 

H. Polyurethane Sealant: 

1. One (1) or two (2) components. 

2. Paintable. 

3. Meet ASTM C920 Type S or Type M, Grade NS or P, Class 25, Use NT, T, 
M, A and O. 

a. Pecora Dynatrol-IXL, Dynatrol II, Urexpan NR-200, NR-201. 

b. Sika Chemical Corporation Sikaflex-1a, Sikaflex-2C NS/SL. 

c. BASF MasterSeal NP-1, NP-II, SL-1 SL-2. 

d. Tremco Dymonic or Dymeric, Vulkem 116,227,45,245. 

I. Silicone Sealant: 

1. One (1) component. 

2. Meet ASTM C920, Type S, Grade NS, Class 25, Use NT, G, A, O. 

a. ChemLink:  DuraSil. 

b. General Electric:  Silpruf, Silglaze II. 

c. General Electric:  Sanitary 1700 sealant for sealing around plumbing 
fixtures. 

d. Dow Corning:  786 for sealing around plumbing fixtures. 

e. Dow Corning:  7565, 790, 791, 795. 

f. Tremco:  Spectrem 1, Spectrem 3, Tremsil 600. 

3. Mildew resistant for sealing around plumbing fixtures. 

J. Open-Cell Polyurethane Foam 

1. Basis of Design: Emseal Colorseal. 

2. For use at building expansion joints and other similar locations as 
applicable. 

a. Nominal 1 IN wide by depth required to match construction materials and 
minimum R-Value. 

3. With factory applied and cured silicone weather facing. Double sided at 
exposed interior locations or at other similar exposed shallow substrate 
conditions. 

4. R-Value: Nominal 1.8 per inch of depth. 

a. Provide at all exterior building envelope conditions. 

5. Color to be selected from manufacturer’s standard colors. Match adjacent 
materials. 
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6. Match minimum R-value of building envelope roof or wall component where 
applicable. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Before use of any sealant, investigate its compatibility with joint surfaces, fillers 
and other materials in joint system. 

B. Use only compatible materials. 

C. Where required by manufacturer, prime joint surfaces. 

1. Limit application to surfaces to receive sealant. 

2. Mask off adjacent surfaces. 

D. Provide joint depth for joints receiving polyurea joint filler in accordance with 
manufacturer's recommendations. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions and UL 
requirements and in accordance with IECC for components that comprise the 
air barrier system envelope. 

B. Clean all joints. 

C. Make all joints water and airtight. 

D. At changes in direction of joints, joint intersections and where sealant joints 
interface with other construction, install continuous sealant as necessary to 
ensure a weather-tight seal. 

E. Make depth of sealing compounds, except expanding foam and polyurea 
sealant, not more than one-half width of joint, but in no case less than 1/4 IN 
nor more than 1/2 IN unless recommended otherwise by the manufacturer. 

F. Provide correctly sized backer rod, compressible filler or compressible sealant 
in all joints to depth recommended by manufacturer: 

1. Take care to not puncture backer rod and compressible filler. 

2. Provide joint backer rod as recommended by the manufacturer for polyurea 
joint filler. 

G. Apply bond breaker where required. 

H. Tool sealants using sufficient pressure to fill all voids. 

I. Upon completion, leave sealant with smooth, even, neat finish. 

J. Where piping, conduit, ductwork, etc., penetrate wall, seal each side of wall 
opening. 

K. Install compressible sealant to position at indicated depth. 
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1. Size so that width of material is twice joint width. 

2. Take care to avoid contamination of sides of joint. 

3. Protect side walls of joint (to depth of finish sealant). 

4. Install with adhesive faces in contact with joint sides. 

5. Install finish sealant where indicated. 

L. Install expanding foam sealant to minimum 4 IN depth or thickness of wall being 
penetrated if less than 4 IN or as indicated on Drawings. 

1. Provide adequate fire rated backing material as required. 

2. Hold material back from exposed face of wall as necessary to allow for 
installation of backer rod and finish sealant. 

a. Allow expanding foam sealant to completely cure prior to installing 
backer rod and finish sealant. 

3. Trim off excess material flush with surface of the wall if not providing 
finished sealant. 

M. Install open-cell polyurethane foam to building expansion joints in accordance 
with manufacturer’s installation instructions. 

3.3 SEALANT WORK 

A. General: 

1. Work includes but is not limited to:  Sealing all joints which will permit 
penetration of dust, air, or moisture. 

2. Refer to SCHEDULE for materials to be used. 

3. See Specification Section 07 84 00 for firestopping. 

B. Concrete joints: 

1. Flooring joints. 

2. Isolation joints. 

3. Joints between paving or sidewalks and building. 

4. Construction, control and expansion joints. 

5. Joints between precast roof units and between precast roof units and walls. 

6. Joints between precast wall panels. 

7. Precast panel bearing joints: 

a. At panels bearing at or above grade, seal both sides of panel base joint. 

b. At panels bearing below grade: 

1) Seal exterior panel base joint prior to backfilling and/or placement of 
site paving. 
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2) Provide compressible filler and sealant or backer rod and sealant as 
appropriate for interior slab condition. 

C. Masonry: 

1. Masonry control joints. 

2. Brick expansion joints. 

3. Cast stone coping and sill head joints. 

4. Glass masonry joints. 

5. Between masonry and other materials. 

D. Flashing, reglets and retainers. 

E. Wood siding and trim. 

F. Exterior Insulation and Finish System joints. 

G. Openings: 

1. Perimeters of door and window frames, louvers, grilles, etc. 

2. Door thresholds shall be set in a full bed of sealant. 

3. Glass and glazing:  See specification Section 08 81 00. 

H. Interior finishes: 

1. Perimeter and penetrations of sound insulated walls. 

2. Casework and millwork:  See Specification Section 06 41 00. 

3. Expansion and control joints in tile work. 

I. Plumbing fixtures. 

J. Penetrations of walls, floors and decks. 

K. Other joints where sealant, expanding foam sealant or compressible sealant is 
indicated. 

3.4 FIELD QUALITY CONTROL 

A. Adhesion Testing: 

1. Perform adhesion tests in accordance with ASTM C1521 per the following 
criteria: 

a. Water bearing structures:  One (1) test per every 1000 LF of joint sealed. 

b. Exterior precast concrete wall panels:  One (1) test per every 2000 LF of 
joint sealed. 

c. Chemical containment areas:  One (1) test per every 1000 LF of joint 
sealed. 

d. Building expansion joints:  One (1) test per every 500 LF of joint sealed. 

e. All other type of joints except butt glazing joints:  One (1) test per every 
3000 LF of joint sealed. 
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f. Manufacturer's authorized factory representative shall recommend, in 
writing, remedial measures for all failing tests. 

3.5 SCHEDULE 

A. Furnish sealant as indicated for the following areas: 

1. Exterior areas: 

a. Above grade:  Polyether. 

b. Below grade:  Polyurethane. 

2. Interior areas: 

a. Noncorrosive areas: 

1) Wet exposure:  Polyether. 

a) Toilet rooms, locker rooms, janitor closets or similar areas:  
Mildew resistant silicone. 

2) Dry exposure:  Polyether, unless noted otherwise. 

a) Sound insulated construction:  Acoustical sealant. 

b. Corrosive areas: 

1) Wet exposure:  Polysulfide. 

2) Dry exposure:  Polyurethane. 

c. Fire-rated construction:  See Specification Section 07 84 00. 

d. Sealant exposed to or having the potential of being exposed to 
concentrated chlorine gas or chlorine liquid:  Polysulfide. 

e. Casework, countertops and solid surface materials:  Silicone. 

1) Sinks, fixtures or other areas subject to potential splash, spillage or 
condensation:  Mildew Resistant Silicone. 

3. Immersion: 

a. Prolonged contact with or immersion in: 

1) Potable water: 

a) Polysulfide. 

b) NSF 61 approved. 

2) Nonpotable water, wastewater or sewage:  Polysulfide. 

4. Compressible sealant:  Where indicated. 

5. Exterior wall penetrations:  Expanding urethane foam, with finish sealant. 

a. Finish sealant: 

1) Exterior side: 

a) Above grade:  Polyether. 

b) Below grade:  Polyurethane. 

2) Interior side: 
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a) Noncorrosive area: 

(1) Wet exposure:  Polyether. 

(2) Dry exposure:  Polyether, unless noted otherwise. 

b) Corrosive area: 

(1) Wet exposure:  Polysulfide. 

(2) Dry exposure:  Polyurethane. 

6. Interior concrete slab formed or saw-cut control joints:  Polyurea joint filler. 

7. Expansion joints: Open cell polyurethane foam, Emseal colorseal. 

END OF SECTION
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SECTION 08 11 00 

HOLLOW METAL DOORS AND FRAMES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Metal doors and frames. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 08 70 00 - Finish Hardware. 

4. Section 08 81 00 - Glass and Glazing. 

5. Section 09 91 10 - Architectural Painting. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) 
or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. 

2. National Association of Architectural Metal Manufacturers (NAAMM): 

a. Hollow Metal Manufacturers Association (HMMA). 

3. Steel Door Institute (SDI): 

a. 117, Manufacturing Tolerances for Standard Steel Doors and Frames. 

b. All SDI publications. 

4. Steel Door Institute/American National Standards Institute (SDI/ANSI): 

a. A250.6, Recommended Practice for Hardware Reinforcing on Standard 
Steel Doors and Frames. 

b. A250.7, Nomenclature for Standard Steel Doors and Steel Frames. 

c. A250.8 (formerly SDI 100), Recommended Specifications for Standard 
Steel Doors and Frames. 

d. A250.10, Test Procedure and Acceptance Criteria for Prime Painted 
Steel Surfaces for Steel Doors and Frames. 

e. A250.11, Recommended Erection Instructions for Steel Frames. 

5. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2018 Edition 
including all amendments, referred to herein as Building Code. 
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2) International Energy Conservation Code (IECC), 2015 Edition 
including all amendments. 

6. National Fenestration Rating Council (NRFC). 

B. Qualifications:  Manufacturer must be current member of SDI, and NAAMM 
(HMMA). 

C. Wipe coat galvanized steel is not acceptable as substitute for galvanizing finish 
specified. 

1.3 DEFINITIONS 

A. As identified in SDI/ANSI A250.7. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

3. Schedule of doors and frames using same reference numbers as used on 
Drawings. 

4. SDI certification. 

B. Contract Closeout Information: 

1. Operation and Maintenance Data: 

a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Store doors and frames in accordance with SDI/ANSI A250.11. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Metal doors and frames: 

a. CECO Corporation. 

b. Steelcraft Manufacturing Co. 

c. Curries Company. 
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B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Steel Sheet:  Hot-dipped galvannealed steel, ASTM A653, A60 coating. 

B. Frames:  Hot-dipped galvannealed steel, ASTM A653, A60 coating. 

C. Supports and Reinforcing:  Hot-dipped galvannealed steel, ASTM A653, A60 
coating. 

D. Inserts, Bolts and Fasteners:  Manufacturer's standard. 

E. Primer:  Manufacturer's standard coating meeting SDI/ANSI A250.10. 

F. Galvannealed Coating Repair:  See Specification Section 09 91 10. 

G. Thermal Insulation:  Polyurethane, CFC free. 

H. Sound Insulation:  Fiberglass batt insulation or impregnated Kraft honeycomb. 

2.3 ACCESSORIES 

A. Glass Panels in Doors: 

1. Fixed, integral stops on exterior face. 

2. Snap-in stops or stops secured with countersunk Phillips head machine 
screws on interior face. 

3. Reinforce cut-out in door panel with minimum 20 GA galvannealed or 
galvanized steel channel. 

4. Glass:  See Specification Section 08 81 00. 

B. Frame Anchors: 

1. Jamb anchors: 

a. Masonry wire anchors:  Minimum 0.1875 IN wire, galvanized. 

b. Existing wall anchor:  Minimum 18 GA, galvanized. 

c. Stud partition and base anchors:  Minimum 18 GA, galvanized. 

2.4 FABRICATION 

A. General: 

1. SDI/ANSI A250.8. 

2. Fabricate rigid, neat in appearance and free from defects. 

3. Form to sizes and profiles indicated on Drawings. 

a. Beveled edge. 

4. Fit and assemble in shop wherever practical. 

5. Mark work that cannot be fully assembled in shop to assure proper 
assembly at site. 

6. Continuously wire weld all joints, dress exposed joints smooth and flush. 
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7. Fabricate doors and frames to tolerance requirements of SDI 117. 

8. Fit doors to SDI and NFPA 80 clearances if fire doors are used. 

9. Provide fire rated doors which are approved and labeled by UL. 

10. All doors shall be handed. 

11. Hinge cut-out depth and size on doors and frames shall match hinge 
specified in Specification Section 08 70 00. 

12. Design and fabricate doors to requirements of the Building Code. 

B. Hollow Metal Doors: 

1. General: 

a. 1-3/4 IN thick. 

b. Fabricate with flush top caps. 

1) Thickness and material to match door face. 

2) Exterior doors:  Seal weld top cap to door face and grind smooth and 
flush. 

3) Interior doors: 

a) Attach top cap to door with concealed fasteners or by welding. 

b) Factory seal if attached with fasteners. 

c) No exposed fasteners will be accepted. 

c. Continuously wire weld all joints and dress, smooth and flush. 

2. Exterior: 

a. Doors 48 IN wide, or less:  SDI/ANSI A250.8, Level 3, and physical 
performance level A, Model 2. 

1) Face sheet minimum thickness:  16 GA. 

2) Insulated:  Minimum R10. 

3) Meets minimum 2015 IECC air leakage requirements. 

a) Provide labeling on door/frame indicating conformance or letter 
from manufacturer certifying compliance. 

b) Products rated in accordance with NFRC. 

3. Fire rated: 

a. SDI/ANSI A250.8, Level 3, and physical performance level A, Model 2. 

b. Face sheet minimum thickness:  16 GA. 

c. UL fire labeled. 

d. Comply with UL 10B and UL 10C. 

e. Maximum transmitted temperature: 
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1) Fire doors shall have a maximum transmitted temperature end point 
of not more than 250 DEGF above ambient at the end of 30 minutes 
of standard fire test exposure. 

f. Pairs UL fire labeled without astragal. 

g. Comply with NFPA 80. 

4. Interior: 

a. Doors 48 IN wide, or less:  SDI/ANSI A250.8, Level 2, and physical 
performance level "B", Model 2. 

1) Face sheet minimum thickness:  18 GA. 

b. Sound insulated, minimum STC-35. 

C. Hollow Metal Frames: 

1. Door frames: 

a. Provide 2 IN face at all heads, jambs and mullions for frames in stud 
walls. 

b. Provide 4 IN face at head where noted on Drawings or required by wall 
construction. 

c. 26 GA galvannealed steel boxes welded to frame at back of all hardware 
cutouts. 

d. Steel plate reinforcement welded to frame for hinge, strikes, closers and 
surface-mounted hardware reinforcing. 

1) All plate reinforcement shall meet size and thickness requirements of 
SDI/ANSI A250.8. 

e. Split type frames not acceptable. 

1) All horizontal and vertical mullions and transom bars shall be welded 
to adjacent members. 

f. Conceal all fasteners. 

g. Frames shall be set up, all face joints continuously wire welded and 
dressed smooth. 

h. Exterior (up to 4 FT wide):  16 GA. 

i. Exterior (over 4 FT wide):  14 GA. 

j. Fire rated: 

1) 16 GA. 

2) Comply with UL 10B and UL 10C. 

3) Comply with NFPA 80. 

k. Interior:  16 GA. 

l. Provide removable spreaders at bottom of frame. 

D. Prepare for finish hardware in accordance with hardware schedule, templates 
provided by hardware supplier, and SDI/ANSI A250.6. 

1. Locate finish hardware in accordance with SDI/ANSI A250.8. 
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2. See Specification Section 08 70 00 for hardware. 

3. Prepare doors for swing direction indicated. 

a. Preparing doors for non-handed hinges is not acceptable. 

E. After fabrication, clean off mill scale and foreign materials and prime with rust 
inhibiting primer. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install doors and frames in accordance with SDI/ANSI A250.11, the Building 
Code, IECC requirements, and manufacturer's instructions. 

B. Plumb, align, and brace frames securely until permanently anchored. 

1. After completion of walls, remove temporary braces and spreaders. 

2. Anchor frames with minimum of three (3) anchors per jamb. 

a. Number and location of anchors shall be in accordance with SDI and 
frame manufacturer's recommendations. 

C. At new masonry or metal stud construction, place frames in conjunction with 
construction of walls or partitions. 

1. Masonry construction:  Anchor frames using masonry wire anchors. 

2. Metal stud construction: 

a. Anchor frames using steel stud anchors. 

b. Attach wall anchors with self-tapping screws. 

D. At concrete, precast concrete or existing masonry construction, place frames in 
rough opening using existing opening anchors. 

E. Use plastic plugs to keep silencer holes clear during construction. 

F. Immediately after erection, sand smooth rusted or damaged areas. 

1. Touch-up with rust-inhibiting primer. 

2. Finish paint door and frame in accordance with Specification Section 09 91 
10. 

G. Install three (3) silencers on strike jamb of single door frame and two (2) on 
head of double door frame. 

1. See Specification Section 08 70 00. 

H. Protect doors and frames during construction. 

END OF SECTION
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SECTION 08 14 23 

PLASTIC FACED WOOD DOORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Plastic faced wood doors. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 08 11 00 - Metal Doors and Frames. 

4. Section 08 70 00 - Finish Hardware. 

5. Section 08 81 00 - Glass and Glazing. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American National Standards Institute (ANSI): 

a. A208.1, Particleboard. 

2. ASTM International (ASTM): 

a. E90, Standard Test Method for Laboratory Measurement of Airborne 
Sound Transmission Loss of Building Partitions and Elements. 

b. E2074, Standard Test Method for Fire Tests of Door Assemblies, 
Including Positive Pressure Testing of Side-Hinged and Pivoted 
Swinging Door Assemblies.  WITHDRAWN IN 2007 WITH NO 
REPLACEMENT 

3. American Woodworkers Institute (AWI): 

a. Quality Standards: 

1) Section 1300, Architectural Flush Doors. 

4. National Electrical Manufacturers Association (NEMA): 

a. LD 3, High-Pressure Decorative Laminates (HPDL). 

5. National Fire Protection Association (NFPA): 

a. 80, Standard for Fire Doors and Other Opening Protectives. 

b. 252, Standard Methods of Fire Tests of Door Assemblies. 

6. Underwriters Laboratories, Inc. (UL): 

a. Building Materials Directory. 

7. Window and Door Manufacturers Association (WDMA): 
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a. I.S. 1A, Interior Architectural Wood Flush Doors. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

3. Schedule of doors using same numbers as indicated on Drawings. 

a. Schedule to include size, type, swing, rating, frame type and size, and 
hardware set required. 

B. Samples: 

1. Plastic laminate samples of manufacturer's full line of colors and finishes for 
Engineer's selection. 

2. After initial selection of plastic laminate color and finish, provide one 12 x 12 
IN sample of actual door construction showing veneer selected, core, and 
stile and rail construction. 

C. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Warranty. 

3. Certification of AWI membership. 

1.4 WARRANTY 

A. Warrant doors in writing for life of installation against defects including: 

1. Delamination. 

2. Warp or twist of 1/4 IN or more. 

3. Telegraphing of any part of core through face veneer. 

4. Surface variation exceeding 1/100 IN in 3 IN span. 

5. Color fading if solid color laminates. 

6. Any other defect which may impair or affect performance of door for purpose 
for which it is intended. 

B. Warranty to include: 

1. Removal and replacement of defective door(s). 

2. Removal of existing hardware and refitting to new door. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Plastic-faced wood doors: 

a. Basis of Design: 

1) Palladium doors by Eggers 

b. Optional: 

1) VT Industries, Inc. 

2. Rigid vinyl sheet: 

a. Basis of Design: 

1) Inpro rigid vinyl sheet 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Doors: 

1. Solid core non-fire rated: 

a. Core: 

1) ANSI A208.1 particleboard.  

2) Provide solid wood reinforcing at all hardware locations and around 
all cut-outs. 

b. Stiles:  Manufacturer's standard solid wood. 

c. Rails:  Manufacturer's standard solid wood. 

d. Adhesive:  Type II water resistant, WDMA I.S. 1A. 

2. Solid core fire rated: 

a. Core: 

1) Mineral core. 

2) Incombustible. 

3) Provide fire treated solid wood blocking at all hardware locations and 
around all cut-outs. 

b. Stiles:  Manufacturer's standard fire-retardant solid wood. 

c. Rails:  Manufacturer's standard fire-retardant solid wood. 

d. Adhesive:  Type I water resistant, WDMA I.S. 1A. 

3. Sound-retardant doors: 

a. Core:  High density particleboard. 

b. Stiles:  Manufacturer's standard solid wood. 

c. Rails:  Manufacturer's standard solid wood. 
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d. Adhesive:  Type II water resistant, WDMA I.S. 1A. 

2.3 FABRICATION 

A. General: 

1. All doors shall be fabricated in accordance with and shall meet requirements 
of Custom Grade standards. 

2. Hardware preparation: 

a. Factory machine doors for application of hardware specified. 

b. Bevel vertical edges 1/8 IN in 2 IN. 

c. Clearance at bottom of door:  1/2 IN. 

d. Clearance at top of door:  1/8 IN. 

e. Tolerances: 

1) Width:  1/32 IN. 

2) Height:  1/16 IN. 

3) Thickness:  1/16 IN. 

4) Hardware location:  1/32 IN. 

5) Locks and hinges:  1/32 IN. 

f. Fit fire rated doors to meet requirements of labeling agency. 

g. Refer to Specification Section 08 70 00 for hardware requirements and 
template provided by hardware manufacturer. 

3. Cut-outs: 

a. Make all cut-outs in the factory. 

b. Seal edges of all openings. 

4. All doors shall be 1-3/4 IN thickness unless indicated otherwise. 

B. Fire Rated Doors: 

1. Provide doors with UL labels. 

2. Comply with NFPA 80 and NFPA 252. 

C. Finish: 

1. Vinyl cladding: 

a. Provide doors with vinyl clad veneer. 

1) Minimum 0.040 IN thick. 

2)  Solid color vinyl. 

3) Stiles (vertical edges) shall have matching laminate. 

4) Seal top and bottom edges. 

5) Color:  From manufacturer’s standard and premium colors. 

2. Sound-retardant doors: 

a. STC:  Minimum 30 per ASTM E90. 
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b. Automatic door bottom:  Manufacturer's standard. 

c. Adjustable gasketed stops:  Manufacturer's standard. 

D. Where fire ratings and classifications are indicated or required by code: 

1. UL tested and listed as fire door assembly with labels. 

2. Comply with NFPA 80. 

3. Maximum transmitted temperature: 

a. 1 HR rated:  250 DEGF at 30 minutes. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Condition doors to prevailing humidity for minimum 72 HRS prior to hanging. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Fit doors to frames and machine for hardware, to whatever extent not 
previously worked at factory. 

3.3 SCHEDULES 

A. Refer to Drawings for door schedule. 

END OF SECTION
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SECTION 08 15 00 

FIBERGLASS REINFORCED PLASTIC (FRP) DOORS AND FRAMES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. FRP doors and frames. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 08 70 00 - Finish Hardware. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron 
and Steel Hardware. 

2. Door and Hardware Institute/American National Standards Institute 
(DHI/ANSI): 

a. A115.1, Preparation of Mortise Locks in 1-3/8 IN and 1-3/4 IN Standard 
Steel Doors and Frames. 

3. National Fire Protection Association (NFPA): 

a. 80, Standard for Fire Doors and Other Opening Protectives. 

4. Steel Door Institute (SDI): 

a. 117, Manufacturing Tolerances for Standard Steel Doors and Frames. 

b. All applicable SDI publications. 

5. Building Code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2018 Edition 
including all amendments, referred to herein as Building Code. 

2) International Energy Conservation Code (IECC) 2015 Edition 
including all amendments. 

6. National Fenestration Rating Council (NFRC). 

B. Qualifications: 

1. Manufacturer shall have been producing products specified for minimum of 
10 years. 
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2. Installer shall have minimum of five (5) years experience in the installation of 
fiberglass reinforced plastic doors and frames. 

a. Experience shall include field repair of fiberglass and gel coating. 

C. Doors and frames shall be fabricated and prepared for hardware by single 
manufacturer except for fire rated frames. 

D. Door hardware and accessories are to be provided by others and installed in 
the field. 

E. All door hardware is to be provided per Specification Section 08 70 00. 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

3. Schedule of doors and frames specific to this Specification Section, using 
same reference numbers as used on Drawings. 

4. Certification of manufacturer's qualifications. 

5. Certification of installer's experience. 

6. Certification that doors and frames have been protected against chemical 
exposures listed. 

B. Samples: 

1. Provide one (1) 6 x 6 IN sample of frame and one (1) 6 x 6 IN sample of 
standard door and sample of fire rated door specified. 

a. Frame sample shall show corner construction. 

b. Door sample shall show core specified and reinforcing construction. 

C. Contract Closeout Information: 

1. Operation and Maintenance Data: 
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a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

D. Informational Submittals: 

1. Warranty. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Store doors and frames in a dry, weather protected area. 

1. Place units on wood skids providing a minimum 6 IN air space above the 
ground. 

2. Do not store units flat, set frames and doors on edge providing a minimum 
1/2 IN air circulation space between each unit. 

3. Provide covering which will ensure air flow around each unit to prevent 
trapping moisture. 

4. If door wrapper becomes wet, remove immediately and provide dry 
protection equivalent to wrapper removed. 

B. Storage recommendations by unit manufacturer shall take precedence over the 
above requirements. 

1.6 WARRANTY 

A. Warranty all FRP components to be free of defects in materials and 
workmanship for one (1) year and from degradation or failure due to corrosion 
for minimum of five (5) years from date of building acceptance. 

1. Warranty against door warpage of more than 1:100 when measured 
diagonally across the door. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. FRP doors and frames: 

a. Corrim Company. 

b. Eliason CF9000. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Face Panel:  Fiberglass reinforced plastic. 

B. Supports and Reinforcing:  Non-swelling polymer or equivalent non-corrosive 
material. 
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C. Inserts, Bolts and Fasteners:  Stainless steel. 

D. Insulation:  Polyurethane. 

E. Core: 

1. Non-fire rated: 

a. Rigid, end grain balsa. 

b. Thickness:  Minimum 1-1/2 IN. 

c. Density:  8.5 - 9.0 PCF. 

d. Compressive strength:  Minimum 1400 PSI. 

F. Frames: 

1. Non-fire rated:  Fiberglass reinforced plastic. 

2.3 ACCESSORIES 

A. Frame Anchors: 

1. Jamb anchors in masonry:  9 GA steel, masonry wire anchor, galvanized per 
ASTM A153/A153M, G60 coating. 

2. Floor anchors:  12 GA steel, galvanized per ASTM A153/A153M, G60 
coating. 

3. Anchors in existing openings:  Stainless steel machine screws and stainless 
steel expansion shield. 

B. Glass Panels in Doors: 

1. Fixed, applied stops on each face with snap-in retainer and trim fabricated 
from non-corrosive materials. 

a. No exposed fasteners on exterior of door allowed. 

b. Doors may be glazed at the factory or at manufacturer's option may be 
glazed in the field. 

2. Reinforce cut-out in door panel with minimum 1.5 IN SQ fiberglass tubing. 

3. Glass:  Refer to Drawings.. 

C. Louvers: 

1. Doors: 

a. Frame:  Manufacturer's standard FRP. 

b. Blades: 

1) Inverted "V" type minimum free area of 35 PCT. 

2) FRP to match frame. 

c. Blades integral with frame. 

d. Screen:  Fiberglass mesh.  Match louver size. 

e. Color:  To match door. 

f. Size:  To accommodate minimum 0.88 SQFT free area. 
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g. Refer to DOOR SCHEDULE for locations. 

2.4 FABRICATION 

A. General: 

1. Fabricate rigid, neat in appearance and free from defects. 

2. Form to sizes and profiles indicated on Drawings. 

a. Sizes indicated in DOOR SCHEDULE are nominal. 

b. Refer to Architectural details for actual conditions affecting actual size of 
rough openings. 

3. Fit and assemble in shop wherever practical. 

4. Mark work that cannot be fully assembled in shop to assure proper 
assembly at site. 

5. For door frames, all surfaces, both exposed and concealed, shall be gel 
coated to prevent acid attack of the glass reinforcing. 

6. Provide minimum 1.5 IN SQ FRP tubing reinforcing on all sides of louver 
and vision panels cut out. 

7. Fabricate doors and frames to tolerance requirements of SDI 117. 

8. Fit doors to SDI clearances. 

9. Doors shall be fabricated to withstand splash and spillage attack from the 
following chemicals for a period of 8 HRS. 

a. Sodium hypochlorite 12.5 PCT. 

b. Sodium Hydroxide 0.2 PCT. 

c. Ammonium Sulfate 38-40 PCT (aqueous). 

B. FRP Doors: 

1. General: 

a. Construction: 

1) 1-3/4 IN thick, minimum. 

2) Face sheets, 0.125 IN thick, minimum. 

3) Fabricate with flush top closure. 

4) Doors with a maximum size of 48 IN wide x 96 IN tall shall be 
fabricated in one (1) piece. 

5) Fill and dress all joints. 

6) Resin:  Polyester or vinyl ester as required to meet chemical 
resistance requirements. 

7) Fiberglass content (by weight):  Minimum 30 PCT, maximum 40 PCT. 

8) UV stabilized. 

9) Core: 

a) End grain balsa for non-fire rated doors. 
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b) Mineral core for fire rated doors. 

b. Finish: 

1) Minimum 15 MIL gel coat thickness. 

2) Gel coat color: 

a) Exterior doors:  Selected by Engineerfrom manufacturer’s full line 
of colors. 

2. Exterior: 

a. SDI Grade III, Model 4, seamless. 

1) Insulated minimum R10. 

2) Face sheet 0.125 IN thickness. 

3) Meets minimum 2015 IECC air leakage requirements. 

a) Provide labeling on door/frame indicating conformance or letter 
from manufacturer certifying compliance. 

b) Products rated in accordance with NRFC. 

3. Interior (except fire rated): 

a. SDI Grade II, Model 4, seamless with Balsa core. 

C. Frames: 

1. General: 

a. Frame size to be 2 IN x 5-3/4 IN with equal rabbets on each side. 

b. One (1) piece or if shipped knocked down, all joints shall be filled with 
fiberglass compound, ground and sanded smooth and finished with gel 
coat. 

c. Minimum thickness:  0.1875 IN. 

d. Resin:  Polyester or vinyl ester as required to meet chemical resistance 
requirements. 

e. Fiberglass content (by weight):  Minimum 30 PCT, maximum 40 PCT. 

f. UV stabilized. 

2. FRP frames: 

a. Corner reinforcement:  Minimum 4 x 4 x 0.25 IN FRP angle attached to 
top reinforcing bar with concealed stainless steel screws. 

b. Hinge reinforcement:  Minimum 0.25 IN thick polymer plate attached to 
frame. 

c. Minimum 0.25 IN thick polymer plate reinforcement bonded and 
mechanically fastened to frame for strikes, closers and surface-mounted 
hardware. 

D. Prepare for finish hardware in accordance with hardware schedule, templates 
provided by hardware supplier, and DHI/ANSI A115.1. 

1. Locate finish hardware in accordance with SDI. 



WHCRWA FIBERGLASS REINFORCED PLASTIC (FRP) DOORS 
AND FRAMES CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
FIBERGLASS REINFORCED PLASTIC (FRP) DOORS AND FRAMES 

08 15 00 - 7 OF 8 

2. See Specification Section 08 70 00 for hardware. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install doors and frames, in accordance with SDI, IECC requirements, and 
manufacturer's instructions. 

1. Manufacturer's instructions take precedent over SDI. 

B. Place frames prior to construction of enclosing walls and ceilings. 

C. Plumb, align, and brace securely until permanently anchored. 

D. After completion of walls, remove temporary braces and spreaders. 

E. Use plastic plugs to keep silencer holes clear during construction. 

F. Immediately after erection, repair damaged areas of gel coat. 

1. Fill corner miter joints with fiberglass compound as recommended by frame 
manufacturer. 

a. Filling miter joints with sealant is not acceptable. 

2. Sand filled area to match adjacent frame and coat with minimum 15 MIL gel 
coating to match adjacent frame finish. 

G. On doors not requiring weatherstripping, sound seals or smoke seals, install 
three (3) silencers on strike jamb of single door frame and two (2) on head of 
double door frame. 

1. See Specification Section 08 70 00. 

H. Number and location of anchors shall be in accordance with frame 
manufacturer's recommendation with minimum of three (3) anchors per jamb. 

I. Protect frames during construction. 

J. Cover all thru bolts and other stainless steel accessories with minimum 15 MIL 
gel coating to match door frame. 

3.2 FIELD QUALITY CONTROL 

A. Provide for services of manufacturer's authorized representative to be present 
during and observe the installation of the first three (3) doors and frames. 

1. If project has less than three (3) doors and frames, manufacturer's 
authorized representative shall be present for installation of all doors and 
frames. 

2. Manufacturer's representative shall instruct installer on proper methods for 
installing doors and frames in each type of wall construction, repairing 
damaged gel coating, repairing scratches in finish and filling and finishing all 
joints. 

END OF SECTION
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SECTION 08 31 00 

ACCESS DOORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Ceiling access doors. 

2. Floor access doors. 

3. Wall access doors. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 09 91 00 - Painting and Protective Coatings. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Association of State Highway and Transportation Officials 
(AASHTO). 

2. ASTM International (ASTM): 

a. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on 
Iron and Steel Products. 

b. A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware. 

c. A240, Standard Specification for Chromium and Chromium-Nickel 
Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for 
General Applications. 

d. A480, Standard Specification for General Requirements for Flat-Rolled 
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip. 

e. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) 
or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. 

f. A666, Standard Specification for Annealed or Cold-Worked Austenitic 
Stainless Steel Sheet, Strip, Plate, and Flat Bar. 

g. B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet 
and Plate. 

h. B221,Standard Specification for Aluminum and Aluminum-Alloy Extruded 
Bars, Rods, Wire, Profiles, and Tubes. 
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1.3 DEFINITIONS 

A. Clear Opening Size:  Space within the opening having no obstructions.  Furnish 
model that will provide the minimum clear opening indicated. 

B. Standard Duty:  Will support live load of 150 PSF. 

C. Heavy Duty:  Will support live load of 300 PSF.  Unless noted otherwise, all 
floor and vault access doors shall be heavy duty. 

D. H-20 loading:  As defined in AASHTO Guidelines. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

B. Contract Closeout Information: 

1. Operation and Maintenance Data: 

a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Floor access doors: 

a. Bilco Company. 

b. Babcock Davis Associates. 

c. Dur-Red Products. 

d. Halliday Products. 

e. USF Fabrication Inc. 

2. Ceiling access doors: 

a. Bilco Company. 

b. J.L.  Industries. 

c. Milcor. 

d. Dur-Red Products. 

e. Larsens Manufacturing Co. 



WHCRWA 

ACCESS DOORS CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
ACCESS DOORS 
08 31 00 - 3 OF 6 

3. Wall access doors: 

a. J.L.  Industries. 

b. Milcor. 

c. Larsens Manufacturing Co. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Aluminum:   

1. Sheet and Plate:  ASTM B209. 

2. Extruded shapes:  ASTM B221. 

B. Steel:   

1. Sheet Metal:  G90 Galvanized, ASTM A653. 

2. Fabrications:  Hot-Dip Galvanized, ASTM A123. 

3. Hardware:  Hot-Dip Galvanized, ASTM A153. 

C. Stainless Steel:  ASTM A240 or A666. 

2.3 MANUFACTURED UNITS 

A. General: 

1. All access doors shall be provided by the same manufacturer when 
possible. 

2. Coat all aluminum components in contact with concrete or masonry with 
manufacturer's standard bituminous coating. 

B. Floor Access Doors: 

1. Frame:  1/4 IN mill finish aluminum channel with anchor tabs. 

a. 1-1/2 IN DIA drain coupling. 

2. Cover: 

a. 1/4 IN mill finished diamond plate aluminum. 

b. Reinforce cover with aluminum stiffeners. 

1) Live load:  300 PSF. 

2) Deflection:  Maximum 1/150 of span. 

3. Hardware: 

a. All hardware to be stainless steel. 

b. Positive hold open arm that engages automatically when door reaches 
full 90 degree open position. 

c. Slam lock and removable key handle. 

4. Bilco Company, Type "J-AL" or "JD-AL." 
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a. Size(s):  Refer to Drawings for size requirements. 

b. Drain Routing: Unless noted otherwise, drain vertically into vault interior. 

c. Refer to Drawings for locations where secondary fall rptoection system is 
required. 

5. Provide access dors with HS-20 load rating where indicated on the 
Drawings. 

C. Wall and Ceiling Access Doors: 

1. Prime painted galvanized steel. 

2. Door and Frame:  14 GA. 

3. Hinges:  Continuous, concealed. 

4. Provide flush, screwdriver-operated locks with metal cam. 

5. J L.  Industries "TM" Series. 

6. Size(s):  Refer to Drawings for size requirements. 

2.4 ACCESSORIES 

A. Secondary Fall Protection System: 

1. Design and install system such that when in the open position, no part of the 
system obstructs the clear opening size listed on the Drawings. 

2. Platform:  Design grating to meet OSHA 29 CFR 1910.23 requirements for 
protection for floor openings. 

3. Finish: 

a. Powder coated. 

b. Color:  Safety Orange or Safety Yellow. 

4. Hardware: 

a. Stainless steel Type 316. 

b. Tamper proof Type 316 stainless steel bolts. 

5. Provide positive latch to hold grating in upright position. 

6. Size:  Allow 6 IN clear space on each unhinged side for visual observation. 

7. Provide padlock hasp for Owner provided padlock. 

8. Double leaf openings: 

a. Provide two (2) individual grating platforms hinged on the same side of 
the hatch frame but independent from one another. 

1) Provide each platform with a padlock hasp and positive latch to hold 
grating in upright position. 

9. Install secondary fall protection system at the factory. 

B. Load Rating Plates: 

1. Minimum 18 GA Type 316 stainless steel, ASTM A666. 
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2. Engraved with maximum design live load allowed for unit on which it will be 
mounted. 

3. Display load in English units as well as metric units. 

4. Size as required for text as needed. 

5. Text: 

a. Font:  Helvetica Narrow, all caps. 

b. Size:  1/4 IN height. 

c. Depth of engraving:  3 MILS. 

6. Finish: 

a. Text: 

1) Black epoxy baked on paint. 

2) Plate to have finish conductive to paint application. 

b. Coat entire plate with baked on clear coat on front and back side. 

7. Attach to top of all floor or vault access doors using stainless steel screws in 
location determined by manufacturer. 

a. Provide a neoprene gasket under the plate to separate the stainless 
steel from the aluminum cover or frame. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

END OF SECTION
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SECTION 08 33 13 

ROLLING COUNTER SHUTTER 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Rolling counter shutter. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 08 70 00 - Finish Hardware. 

4. Section 09 91 10 – Architectural Painting. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A240, Standard Specification for Chromium and Chromium-Nickel 
Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for 
General Applications. 

b. A924, Standard Specification for General Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process. 

B. Qualifications: 

1. Installer shall be licensed or approved in writing by shutter manufacturer. 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 
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c. Schedule of shutters using same reference number for openings 
indicated on Drawings. 

B. Contract Closeout Information: 

1. Operation and Maintenance Data: 

a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

C. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Certification of installer. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Rolling counter shutter: 

a. The Cookson Company. 

b. Cornell Iron Works. 

c. Wayne Dalton. 

d. Overhead Door. 

e. Raynor. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Curtain:  Galvanized steel. 

B. Guides:  Galvanized Steel. 

C. Hood:  Galvanized steel. 

D. Fasteners:  Same material as shutter construction. 

2.3 FABRICATION 

A. General: 

1. Wind load:  20 psf minimum. 

2. Mounting:  Face of wall. 

3. Operation:  Push-up. 

B. Curtain: 

1. Nominal 1-1/4 IN high, flat face with end locks. 
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2. 22 GA galvanized steel, A60 or G60, ASTM A924 with factory-applied 
baked-on prime coat with factory applied baked-on polyester finish coat. 

3. Extruded aluminum tubular bottom bar. 

4. Color/Finish:  To be selected from manufacturer’s standard and premium 
colors. 

5. Core:  Insulated. 

C. Guides: 

1. Galvanized steel, A60 or G60, ASTM A924 with manufacturer's factory-
applied baked-on prime paint. 

2. Wool pile lined for quiet operation. 

D. Hood: 

1. 24 GA galvanized steel, A60 or G60, ASTM A924 with manufacturer's 
factory-applied baked-on prime paint. 

E. All Trim Pieces:  Material and finish to match curtain. 

F. Counterbalance Assembly: 

1. Oil tempered, 100,000 cycle, helical steel torsion springs with 25 PCT safety 
factor fixed to tapered cast anchors housed on steel pipe with 0.03 IN 
maximum deflection per foot of span. 

G. Locking:  Slide Bolt. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Installation:  By factory-authorized installer. 

C. Provide all required trim seals closures, etc., for complete installation. 

D. Adjust torsion springs for proper counterbalancing. 

E. Seal along bottom of vertical track (guides), seal the vertical joint between the 
two (2) separate track angles (if not filled by welding) and seal all holes in 
vertical track not being used for fasteners to provide a completely sealed tight 
track and door system. 

END OF SECTION
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SECTION 08 33 23 

STEEL ROLLING OVERHEAD DOORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Steel rolling overhead doors. 

2. Motor Operators. 

3. Control Systems. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Heating, Refrigerating and Air-Conditioning Engineers, 
Inc. (ASHRAE): 

a. 90.1, Energy Standard for Buildings Except Low-Rise Residential 
Buildings. 

2. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Welded and Seamless. 

c. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on 
Iron and Steel Products. 

d. A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware. 

e. A307, Standard Specification for Carbon Steel Bolts, Studs, and 
Threaded Rod 60 000 PSI Tensile Strength. 

f. A500, Standard Specification for Cold-Formed Welded and Seamless 
Carbon Steel Structural Tubing in Rounds and Shapes. 

g. A501, Standard Specification for Hot-Formed Welded and Seamless 
Carbon Steel Structural Tubing. 

h. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) 
or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. 

i. E90, Standard Test Method for Laboratory Measurement of Airborne 
Sound Transmission Loss of Building Partitions and Elements. 
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j. E283, Standard Test Method for Determining the Rate of Air Leakage 
Through Exterior Windows, Curtain Walls, and Doors Under Specified 
Pressure Differences Across the Specimen. 

k. F3125, Standard Specification for High Strength Structural Bolts, Steel 
and Alloy Steel, Heat Treated, 120 ksi (830 MPa) and 150 ksi (1040 
MPa) Minimum Tensile Strength, Inch and Metric Dimensions. 

3. International Energy Conservation Code (IECC) 2015 Edition. 

4. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

5. Underwriters Laboratories, Inc. (UL): 

a. 325, UL Standard for Safety Door, Drapery, Gate, Louver, and Window 
Operators and Systems. 

B. Qualifications: 

1. Installer to be licensed or approved in writing by door manufacturer. 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Manufacturer's standard color charts. 

3. Schedule of doors using same reference number for openings as indicated 
on Drawings. 

4. Motor operator and accessories technical data including complete wiring 
and control diagrams. 

5. Certifications: 

a. Certification of installer qualifications. 

B. Samples: 

1. Actual metal color samples of manufacturer's full line of colors available. 

C. Contract Closeout Information: 
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1. Operation and Maintenance Data: 

a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

D. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Steel rolling overhead doors: 

a. The Cookson Company. 

b. Cornell Iron Works. 

c. Wayne Dalton. 

d. Overhead Door Corp. 

e. Raynor. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 PERFORMANCE AND DESIGN REQUIREMENTS 

A. Wind Load:  See Structural Drawings. 

B. Air Infiltration:   

1. Meet ASHRAE 90.1 and IECC 2015 C402.5.2. 

2. Air leakage:  <1.00 CFM/SF. 

C. Thermal performance: 

1. NFRC test report:  U-factor:  0.91. 

D. Sound Rating:   

1. ASTM E90. 

2. Minimum assembly rating:  STC-21. 

2.3 MATERIALS 

A. Steel: 

1. Hot dipped galvanized:   

a. Fasteners:  ASTM A153. 

b. All other components:  ASTM A123. 

2. Bars, shapes, and plate:  ASTM A36. 
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3. Pipe:  ASTM A53 or A501. 

4. Tubing:  ASTM A500. 

5. Bolts and nuts:  ASTM A307 or F3125. 

B. Insulation: 

1. Closed cell polyurethane foam. 

2. CFC free. 

3. R-Value:  Minimum R-4.75. 

C. Weatherproofing:   

1. Resilient:  Neoprene or vinyl. 

2. Brush type:  Nylon or polypropylene. 

D. Fasteners:  Same material as door construction. 

2.4 MANUFACTURED UNITS 

A. Door Curtain: 

1. Insulated flat profile: 

a. Overhead Door Corp. "625 Series". 

b. 2-5/8 IN high. 

c. Interlocking face sheets: 

1) Exterior face:  0.040 IN. 

2) Interior face:  0.024 IN. 

d. Galvanized endlocks. 

e. Core:  Insulated. 

2. Bottom bar: 

a. Two structural angles bolted back-to-back. 

1) Minimum 1/8 IN thick. 

B. Operation: 

1. Motor operated with integral chain hoist backup. 

C. Guides: 

1. Manufacturer's standard structural angle guide system for size of door 
specified. 

a. Galvanized Steel. 

b. Furnish curtain wind locks as necessary for design wind load.. 

2. Mounting: 

a. Interior face of wall. 

3. Cold-rolled guides are not acceptable. 
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D. Headplates: 

1. Sized to support counterbalance assembly, curtain, motor operator and 
hood. 

a. Field verify headroom and side clearances and coordinate motor 
operator mounting accordingly. 

E. Counterbalance Assembly: 

1. Pipe barrel: 

a. Galvanized Steel. 

b. Maximum deflection:  0.03 IN/FT. 

2. Torsion springs: 

a. Oil-tempered helical torsion springs on cast anchors. 

b. 100,000 cycle. 

3. Adjustable tension wheel. 

F. Hood: 

1. Minimum 24 GA. 

2. Air baffle extending full length. 

G. Weatherstripping:   

1. Guide tracks:  Exterior and interior weatherseal. 

2. Lintel:  Brush-type weatherseal. 

3. Bottom seal:   

a. Manually-operated doors:  Resilient weather seal. 

b. Motor-operated doors:  Electric safety edge. 

H. Finish: 

1. Powder coat: 

a. Factory prime and finish coats. 

b. Prime coat:  Minimum 0.2 MIL baked-on prime paint. 

c. Finish coat:  Minimum 0.6 MIL baked-on polyester powder coat. 

d. Color:  To be selected by Engineer from manufacturer's complete 
offering. 

2. Trim Pieces:  Material and finish to match door curtain. 

2.5 ACCESSORIES 

A. Motor Operator: 

1. Minimum 1/2 HP with integral brake. 

a. Single or 3 PH, 60 Hz, designed for the supply voltage shown on the 
Drawings. 
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b. Motor shall be sized by door manufacturer for door size indicated on 
Drawings. 

2. Opening/Closing rate:  Between 2/3 and 1 FPS. 

3. See Specification Section 26 05 09 for additional motor requirements. 

a. Provide manufacturer's standard reversing controller with motor thermal 
protection if motor is not internally protected as specified in Specification 
Section 26 05 09. 

4. Provide enclosures with the required rating per NEMA 250 to meet 
classifications identified in the Contract Documents. 

5. Provide integral backup chain hoist and release with integrated interlock. 

a. Provide chain keeper for each hoist. 

6. Control System: 

a. General: 

1) Control system shall be hard wired to the operator power supply or a 
DC power transformer. 

a) Battery powered control stations or receivers are not acceptable. 

2) Provide complete wiring connections from control system to motor 
operator including all intermediate junction boxes, conduit, 
disconnects, and wiring. 

a) Wireless control stations or entrapment protection components 
are not acceptable. 

b. Manual control station: 

1) Interior controls:  Surface mounted. 

a) Pushbutton operation:  Open, Close, Stop. 

c. Entrapment protection: 

1) Comply with UL 325. 

a) Instant reversing. 

b) When activated shall prevent operator from closing an open door. 

2) Electric safety edge: 

a) Contact-type sensor installed on leading edge of the door. 

b) When activated shall prevent operator from closing an open door. 

c) Safety edge on exterior doors shall act as a weatherseal. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions and IECC 
requirements. 
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B. Installation shall be done by manufacturer's authorized representative. 

C. Provide all required trim, weatherstripping, closures etc., for complete weather 
tight installation. 

D. Adjust for proper counter balance. 

E. Seal along bottom of vertical track (guides), seal the vertical joint between the 
two (2) separate track angles (if not filled by welding) and seal all holes in 
vertical track (not being used for fasteners) to provide a completely weather 
tight track and door system. 

1. At fastener locations provide steel washers under bolt head to completely 
cover the slotted holes in the vertical track. 

a. Finish of steel washer shall match finish of track (guides). 

F. Electrical disconnect and conduit and wiring from standard three (3) pushbutton 
control to motor operator is provided in the Electrical Design. 

G. Provide bracing for motor operator to eliminate vibration. 

3.2 ADJUSTMENT 

A. Prior to occupancy, adjust door for smooth operation. 

END OF SECTION
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SECTION 08 41 10 

STOREFRONT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Thermally broken storefront. 

2. Entrance doors and hardware. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 07 92 00 - Joint Sealants. 

4. Section 08 70 00 - Finish Hardware. 

5. Section 08 81 00 - Glass and Glazing. 

6. Section 09 91 10 – Architectural Painting 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Aluminum Association (AA): 

a. DAF 45, Designation System for Aluminum Finishes. 

2. American Architectural Manufacturers Association (AAMA): 

a. 1503, Voluntary Test Method for Thermal Transmittance and 
Condensation Resistance of Windows, Doors and Glazed Wall Sections. 

3. American Society of Civil Engineers (ASCE): 

a. 7, Minimum Design Loads for Buildings and Other Structures. 

4. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) 
or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. 

c. B221, Standard Specification for Aluminum and Aluminum-Alloy 
Extruded Bars, Rods, Wire, Profiles, and Tubes. 

d. C1363, Standard Test Method for the Thermal Performance of Building 
Assemblies by Means of a Hot Box Apparatus. 

e. E283, Standard Test Method for Determining the Rate of Air Leakage 
Through Exterior Windows, Curtain Walls, and Doors Under Specified 
Pressure Differences Across the Specimen. 
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f. E330, Standard Test Method for Structural Performance of Exterior 
Windows, Doors, Skylights, and Curtain Walls by Uniform Static Air 
Pressure Difference. 

g. E331, Standard Test Method for Water Penetration of Exterior Windows, 
Skylights, Doors, and Curtain Walls by Uniform Static Air Pressure 
Difference. 

5. American Welding Society (AWS): 

a. D1.2, Structural Welding Code - Aluminum. 

6. International Energy Conservation Code (IECC), 2015 edition including all 
amendments. 

7. National Fenestration Rating Council (NFRC). 

B. Qualifications: 

1. Qualify welders and welding process in accordance with AWS D1.2. 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

B. All weather:  Capable of operation from -50 to +120 DEGF. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data for framing system and major accessories specific to 
this Project: 

a. Entrance door. 

b. All hardware for doors specified in this Specification Section shall be 
provided under Specification Section 08 70 00 unless noted otherwise. 

c. Acknowledgement that products submitted meet requirements of 
standards referenced. 

d. Manufacturer's installation instructions. 

3. Computer generated elevation drawings indicating all frame and door 
dimensions and details specific to this Project. 

4. Warranty. 

5. Test reports. 

B. Samples: 
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1. Metal samples showing range of anodizing finish specified for Engineer's 
approval. 

2. After approval of color samples, provide three (3) 2 x 3 IN samples of color 
and finish approved. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Store units in vertical position off ground with wood spacers between each unit. 

1. Store in accordance with manufacturer's instructions. 

1.6 WARRANTY 

A. Written warranty signed jointly by fabricator, installer, and Contractor, agreeing 
to repair or replace any items of work performed under this Specification 
Section which fail. 

1. Failure includes defects in materials, installation, workmanship, water 
tightness of assembly, sealant, glazing or any other defects in storefront 
system which affects its ability to perform as weathertight envelope. 

2. Warranty period is five (5) years from date of acceptance. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Storefront system: 

a. Kawneer Co., Inc. 

b. United States Aluminum. 

c. Vista Wall. 

d. YKK-AP America. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Storefront:  Aluminum, ASTM B221, 6063-T5. 

B. Doors:  Aluminum, ASTM B221, 6063-T5. 

C. Thermal Barrier:  Extruded copolymer. 

D. Fasteners:  Stainless steel. 

E. Sealants:  See Specification Section 07 92 00. 

F. Brackets, Anchors, Reinforcements:  Aluminum or stainless steel. 

2.3 ACCESSORIES 

A. Doors: 
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1. Types as indicated on Drawings. 

2. Factory glazed. 

3. Finish to match storefront. 

B. Hardware: 

1. Hardware specified is based on Kawneer unless noted otherwise. 

2. All hardware to be 630 or 626 finish. 

3. Equip doors with following hardware: 

a. Interior single door (Double door similar): 

1) Butts: 

a) Manufacturer's heavy duty stainless steel, full mortise, ball bearing 
type with non-removable pin. 

b) Size:  Minimum 4-1/2 x 4 IN. 

2) Closer:  See Specification Section 08 70 00. 

3) Push:  "Style F2 IN (doors without exit device). 

4) Pull:  "Style F2 IN (doors without exit device). 

5) Threshold:  See Specification Section 08 70 00. 

6) Weatherstripping: 

a) See Specification Section 08 70 00. 

b) Storefront manufacturer's standard brush type or pile type 
weatherstripping is not acceptable. 

7) Cylinder:  See Specification Section 08 70 00. 

8) Flush bolts:  Manufacturer's standard stainless steel automatic bolts 
top and bottom. 

9) Exit device:  Paneline II concealed rod device. 

10) Pull:  "Style G3 IN (doors with exit device). 

b. Exterior single door (Double door similar): 

1) Butts: 

a) Manufacturer's heavy duty stainless steel, full mortise, ball bearing 
type with non-removable pin. 

b) Size:  Minimum 4-1/2 x 4 IN. 

2) Closer:  See Specification Section 08 70 00. 

3) Push:  "Style F2 IN (doors without exit device). 

4) Pull:  "Style F2 IN (doors without exit device). 

5) Push:  Not required for doors with exit device. 

6) Pull:  "Style G3 IN (doors with exit device). 

7) Exit device:  Paneline II concealed rod device. 
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8) Threshold:  Manufacturer's standard 1/2 x 4 IN aluminum. 

9) Weatherstripping: 

a) See Specification Section 08 70 00. 

b) Storefront manufacturer's standard brush type or pile type 
weatherstripping is not acceptable. 

10) Flush bolts:  Manufacturer's standard stainless steel automatic bolts 
top and bottom. 

11) Cylinder:  See Specification Section 08 70 00. 

C. Glass: 

1. ASCE 7. 

2. See Specification Section 08 81 00. 

D. Flashing: 

1. Minimum 0.040 IN aluminum. 

2. Finish to match storefront if exposed. 

3. Mill finish if concealed. 

E. Sealant:  See Specification Section 07 92 00 and manufacturer's 
recommendations. 

F. Fasteners: 

1. Structural fasteners anchoring framing to building structure:  Stainless steel. 

2. Exposed fasteners attaching system framing or components to other system 
framing or components. 

a. Aluminum:  Finish to match finish of system. 

3. Provide Phillips head screws where exposed. 

2.4 FABRICATION 

A. General: 

1. Fully degrease and clean members prior to assembly or application of 
protective coatings. 

2. Weld using methods recommended by manufacturer and AWS to avoid 
discoloration. 

3. Grind exposed welds smooth and restore finish. 

4. Ease corners of cut edges to a radius of approximately 1/64 IN. 

5. Conceal fasteners wherever possible. 

6. Fit and assemble work at shop to maximum extent possible. 

7. Maintain true continuity of line and accurate relation of planes and angles. 
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8. Provide secure attachment and support at mechanical joint, with hairline fit 
of contacting members. 

9. Reinforce work as necessary to withstand wind loadings and to support 
system. 

10. Separate dissimilar metal with bituminous paint or preformed separators to 
prevent corrosion. 

11. Separate metal surfaces at moving joints with plastic inserts or other 
nonabrasive concealed inserts to permanently prevent freeze-up of joint. 

12. Prepare and reinforce frames for hardware. 

a. Refer to Specification Section 08 70 00 for hardware not specified in this 
Specification Section. 

13. Frames to be structurally reinforced as required by frame manufacturer. 

a. Reinforcement: 

1) Structural steel, ASTM A36, hot-dip galvanized after fabrication, 
ASTM A653, G90. 

2) Provide dissimilar metals protection; see Specification Section 09 91 
10. 

3) All structural reinforcement sizes shall be determined by the frame 
manufacturer. 

14. Minimum wall thickness of 0.07 IN for all frame components. 

B. Storefront: 

1. Nominal 1-3/4 x 4-1/2 IN minimum section with sightline maximum of 2 IN. 

a. Depth of system as required for loading criteria indicated on structural 
drawings. 

b. Depth of system may be different between thermally broken and non-
thermally broken frames but is to be consistent on entire Project for each 
of the individual systems. 

2. Complete extruded aluminum framing system: 

a. Thermally broken system: 

1) Basis of Design:  Kawneer VG451T. 

2) Provide thermally broken system on all openings in the building 
exterior wall and where specified on the interior for borrowed lite 
systems. 

3. Include all sills, mullions, anchors, division bars, and flashing. 

4. Use no through metal connectors in thermally broken systems. 

5. Fabricate thermally broken system to accept 1 IN insulating glass. 

a. See Specification Section 08 81 00. 

6. Provide complete system under single responsibility. 
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C. Doors: 

1. ASTM B221, aluminum. 

2. Top rail:  3-1/2 IN. 

3. Side rails:  3-1/2 IN. 

4. Bottom rail:  10 IN. 

5. Minimum thickness of door components shall be 0.125 IN. 

6. Single acting, full mortise butt hinge operation. 

7. Prepare and reinforce door for hardware specified. 

8. Basis of Design:  Kawneer Series 350. 

D. Sealants: 

1. Refer to Specification Section 07 92 00. 

2. Provide sealant color to match finish of system at exposed locations. 

3. Provide sealants compatible with aluminum system and recommended for 
use with this type of installation. 

E. Finishes: 

1. Architectural Class 1 coating per AA DAF 45. 

a. Anodized:  AA-M12C22A41, clear or AA-M12C22A42/44, medium 
bronze.  Final selection to be determined. 

2.5 SOURCE QUALITY CONTROL 

A. General Test Requirements: 

1. Utilize independent testing laboratories specifically qualified to conduct all 
performance tests required. 

2. Performance tests may be conducted in manufacturer's laboratories 
provided they are witnessed and certified by qualified independent testing 
laboratory personnel. 

3. Provide certification that proposed system has been tested in accordance 
with and meets the requirements of the standards identified in this 
Specification Section. 

4. Test air infiltration first, water resistance second. 

a. Other tests may be in any order. 

B. Air Infiltration Tests (Doors): 

1. Test in accord with ASTM E283. 

2. Air infiltration:  0.50 CUFTM/LF of perimeter crack of fixed wall area when 
tested at 1.567 PSF pressure differential. 

3. Meet minimum IECC requirements. 
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C. Air Infiltration Tests (Storefront Framing): 

1. Test in accordance with ASTM E283. 

2. Air infiltration:  0.06 CUFTM/SF of wall area when tested at a static air 
pressure differential of 6.24 PSF. 

D. Water Resistance Test: 

1. Test in accordance with ASTM E331. 

2. No leakage allowed at a minimum static air pressure differential of 8 PSF. 

E. Uniform Load Test: 

1. Uniform load: 

a. A static air design load of 20 PSF shall be applied in the positive and 
negative direction in accordance with ASTM E330. 

b. There shall be no deflection in excess of L/240 of the span of any 
framing member. 

c. At a structural test load equal to 1.5 times the specified design load, no 
glass breakage shall occur and no permanent set in the framing 
members in excess of 0.2 PCT of their clear spans shall occur. 

F. Thermal Tests: 

1. Perform all thermal tests on unit sized as required to produce representative 
areas of framing, vision glass, and spandrel glass. 

2. Provide test unit which reflects most restrictive situation on project (e.g., 
worst framing, glass, spandrel proportions for producing desired thermal 
results). 

3. Test in accordance with AAMA 1503. 

4. Thermal transmittance of insulated glass and framing areas:  Average U-
value of 0.65 BTUH/SF/DegF, maximum. 

5. Condensation resistance test:   

a. Determine in accordance with ASTM C1363 and AAMA 1503. 

b. Provide condensation resistance factor (CRF) not less than 50. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Verify suitability of substrate to accept installation. 

1. Correct defects. 

B. Install products in accordance with manufacturer's instructions and IECC 
requirements. 

C. Set units plumb, level and true to line. 
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D. Anchor securely in place. 

E. Separate metal surfaces from sources of corrosion or electrolytic action. 

F. Set sill and base members in a bed of sealant. 

G. Provide joint fillers or gaskets for weathertight construction. 

H. Seal all joints within and at perimeter of system. 

1. Do not seal joints intended to allow the framing system to drain. 

I. Install flashing where shown on Drawings and/or where required. 

3.2 CLEANING 

A. Clean all excess sealant, compounds, metal shavings, dirt, fingerprints, and any 
other foreign material from frame surface promptly after installation. 

END OF SECTION
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SECTION 08 51 13 

ALUMINUM WINDOWS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Aluminum windows. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 07 92 00 - Joint Sealants. 

4. Section 08 81 00 - Glass and Glazing. 

5. Section 09 91 10 - Architectural Painting. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Aluminum Association (AA): 

a. DAF 45, Designation System for Aluminum Finishes. 

2. American Architectural Manufacturers Association (AAMA): 

a. 904, Voluntary Specification for Multi-Bar Hinges in Window Applications 

b. 1503, Voluntary Test Method for Thermal Transmittance and 
Condensation Resistance of Windows, Doors and Glazed Wall Sections. 

c. 2605, Voluntary Specification, Performance Requirements and Test 
Procedures for Superior Performing Organic Coatings on Aluminum 
Extrusions and Panels. 

3. ASTM International (ASTM): 

a. A924, Standard Specification for General Requirements for Steel Sheet, 
Metallic-Coated by the Hot-Dip Process. 

b. C1363, Standard Test Method for the Thermal Performance of Building 
Assemblies by Means of a Hot Box Apparatus. 

c. E283, Standard Test Method for Determining the Rate of Air Leakage 
Through Exterior Windows, Curtain Walls, and Doors Under Specified 
Pressure Differences Across the Specimen. 

d. E330, Standard Test Method for Structural Performance of Exterior 
Windows, Doors, Skylights, and Curtain Walls by Uniform Static Air 
Pressure Difference. 
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e. E331, Standard Test Method for Water Penetration of Exterior Windows, 
Skylights, Doors, and Curtain Walls by Uniform Static Air Pressure 
Difference. 

4. American Welding Society (AWS): 

a. D1.2, Structural Welding Code - Aluminum. 

5. International Energy Conservation Code (IECC), 2015 Edition including all 
amendments. 

6. National Fenestation Rating Council (NFRC). 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data for framing system and major accessories including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Hardware being provided by window manufacturer. 

c. Glass being provided by window manufacturer in factory glazed units. 

d. Manufacturer's installation instructions. 

3. Elevation drawings indicating window dimensions and details. 

4. Color charts showing range of colors of anodized units for Engineer's color 
selection. 

5. Manufacturer's full line color chart for painted finishes including exotic colors 
for selection by Engineer. 

B. Samples: 

1. After initial color selection, provide 2 x 3 IN minimum sample of each color 
and finish selected. 

C. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Qualifications of testing laboratory. 

3. Test results. 
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4. Warranty. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Store units in vertical position off ground with wood spacers between each unit. 

1.6 WARRANTY 

A. Five (5) year warranty of weathertightness of installation. 

1. Air and water integrity and structural adequacy of units and hardware, 
including sealants and sealing within and around perimeter of installation. 

2. Signed jointly by fabricator, installer, and contractor. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Thermally broken windows: 

a. Wausau Metals Corp., 2250-T Series. 

b. Kawneer Company Inc., 8225-T Series. 

c. EFCO Windows, Series 510. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Extruded Aluminum:  6063T5 alloy. 

B. Sealants:  As specified in Section 07 92 00. 

C. Thermal Insulator:  Poured in place polyurethane, self-adhering to adjacent 
aluminum surfaces. 

D. Weatherstripping:  Sponge neoprene. 

2.3 ACCESSORIES 

A. Flashing: 

1. Minimum 0.040 IN aluminum. 

2. Finish to match window frames. 

3. Mill finish if concealed. 

2.4 FABRICATION 

A. General: 

1. Fully degrease and clean members prior to assembly or application of 
protective coatings. 
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2. Weld by methods recommended by manufacturer and AWS D1.2 to avoid 
discoloration at welds. 

3. Grind exposed welds smooth and restore finish. 

4. Ease corners of cut edges to a radius of approximately 1/64 IN. 

5. Conceal fasteners wherever possible. 

6. Fit and assemble work at shop to maximum extent possible. 

7. Maintain true continuity of line and accurate relation of planes and angles. 

8. Provide secure attachment and support at mechanical joint, with hairline fit 
of contacting members. 

9. Reinforce work as necessary to withstand wind loadings and to support 
system. 

10. Separate dissimilar metal with paint or preformed separators to prevent 
corrosion. 

a. See Section 09 91 10. 

11. Separate metal surfaces at moving joints with plastic inserts or other 
nonabrasive concealed inserts to permanently prevent freeze-up of joint. 

12. Reinforce frames for hardware. 

13. Structural steel reinforcement hot-dip galvanized after fabrication meeting G-
90, ASTM A924, requirements. 

B. Thermal Insulator:  Provide minimum 1/4 IN separation between exterior and 
interior metal surfaces after bridge is removed. 

C. Weatherstripping: 

1. Thermally broken type windows: 

a. Fixed Glass sized for Insulated Glass Units (IGUs):   

1) Provide corners which are securely staked and joined.  

2) Provide units which are easily replaceable. 

D. Fasteners: 

1. Finish exposed fasteners to match finish of system. 

2. Provide Phillips flat head screws where exposed. 

E. Finish:   

1. Anodized:  AA-MA10C22A41, clear or AA-MA10C22A42, medium bronze. 

2. Final selection to be determined. 

2.5 SOURCE QUALITY CONTROL 

A. General Test Requirements: 
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1. Utilize independent testing laboratories specifically qualified to conduct all 
performance tests required. 

2. Performance tests may be conducted in manufacturer's laboratories 
provided they are witnessed and certified by qualified independent testing 
laboratory personnel. 

3. Perform all tests on "Test Unit": 

a. Full-sized window unit for project or a minimum 5 x 8 FT unit mounted in 
test chamber in exact accordance with job conditions including 
anchorage system, sealing, etc. 

b. Test unit to be completely assembled and glazed. 

1) Thermal tests may be conducted on 4 x 6 FT unit. 

4. Test air infiltration first, water resistance second. 

a. Other tests may be in any order. 

5. Test data on vertical pivot windows will be accepted for fixed windows for 
condensation resistance, thermal, temperature exposure and acoustical 
tests provided the fixed windows are the same as the vertical windows 
tested in the following respects: 

a. Same frame section (or same family of extrusions). 

b. Same basic metal mass inside and outside. 

c. Identical thermal break. 

d. Same type of glazing. 

B. Test Requirements: 

1. Air infiltration test: 

a. With sash and ventilators closed and locked, test in accordance with 
ASTM E283. 

b. Air infiltration, in CFM/FT of crack length, at pressure differential of 6.24 
PSF as follows:   

1) Fixed windows:  0.06 maximum, all others 0.10 maximum. 

c. Meet minimum IECC requirements. 

2. Water resistance test: 

a. Mount glazed unit in its vertical position, continuously supported around 
outside perimeter with sash and ventilators closed and locked. 

b. Test in accordance with ASTM E331. 

c. No uncontrolled leakage allowed, with pressure differential of 6.24 PSF. 

3. Uniform load deflection test: 

a. Test in accordance with ASTM E330. 

b. Subject unit to load of 25 PSF applied to outside of window and 25 PSF 
applied to inside of window. 

c. Maximum allowable deflection of any unsupported span:  L/175. 
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d. No glass breakage, permanent damage to fasteners, hardware parts, 
support arms or activating mechanisms, or any other damage which 
would cause window to be inoperable will be allowed. 

4. Uniform load structural test: 

a. Test in accord with ASTM E330. 

b. Subject unit to loads indicated below. 

c. Stabilize pressure and maintain it for minimum period of 10 seconds. 

d. No glass breakage, permanent damage to fasteners, hardware parts, 
support arms or activating mechanisms or any other damage which 
would cause window to be inoperable will be allowed. 

e. Maximum permanent deformation of any main frame, sash or ventilator 
member:  0.4 PCT of its span. 

f. After performing Uniform Load Structural Test, increase loads 1-1/2 
times and perform safety test. 

g. Design unit to withstand following design pressures acting normal to 
plane of wall, at applicable heights and locations. 

1) Design for component and cladding loads shown on the Structural 
Drawings. 

5. Condensation resistance test: 

a. Perform on "test unit," except size may be 3 x 4 FT, minimum. 

b. Test in accordance with AAMA 1503. 

c. CRF (Condensation Resistance Factor):  50, minimum. 

6. Thermal test: 

a. Perform on "test unit" except size may be 4 x 6 FT, minimum.. 

b. Test in guarded hot box ASTM C1363, with an exterior temperature of 18 
DEGF, an interior of 68 DEGF and 15 MPH fan-generated wind velocity 
on exterior. 

c. "U" value:  not to exceed 0.65 BTU/HR/SF/DegF. 

d. Calculated "U" values from smaller units or data or theoretical 
assumptions will not be acceptable. 

7. Structural thermal barrier tension test: 

a. Test urethane filled sections of aluminum. 

b. Mechanically secure interior and exterior faces of 12 IN section in 
horizontal position. 

c. Apply heat tape to exterior face to control surface temperature at 180 
DEGF 5 minutes before loading, as indicated by a thermocouple wire 
operated by an automatic controller. 

d. Apply direct tension (pull) using a Universal testing machine set in 
12,000 LB load range. 

e. Test results:  No loss of bond at 4000 LB IN/IN/MIN. 
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8. Structural thermal barrier shear test: 

a. Test urethane filled sections of aluminum. 

b. Mechanically secure interior face of 12 IN section in vertical position. 

c. Apply heat tape to exterior face to control surface temperature at 180 
DEGF 5 minutes before loading, as indicated by a thermocouple wire 
operated by an automatic controller. 

d. Apply load to exterior face by a bearing plate resting on top of exterior 
face, using Universal Testing machine set in 12,000 LB load range at a 
strain rate of 0.050 IN/IN/MIN. 

e. Test results:  No loss of bond at 5500 LB loading. 

9. Structural thermal barrier combined torsion and shear test: 

a. Test urethane filled sections of aluminum. 

b. Secure interior face of 12 IN section in horizontal position. 

c. Apply heat tape to exterior face to control surface temperature at 180 
DEGF 5 minutes before loading, as indicated by a thermocouple wire 
operated by an automatic controller. 

d. Apply load to bearing plate centered on portion of glazing pocket to 
exterior side of thermal barrier, using a Universal Testing machine set in 
the 12,000 LB load range. 

e. Test results:  No loss of bond at 3900 LB load applied at strain rate of 
0.05 IN/IN/MIN. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions and IECC 
requirements. 

B. Set units plumb, level, and true to line. 

C. Anchor securely in place. 

D. Separate metal surfaces from sources of corrosion or electrolytic action. 

1. See Section 09 91 10. 

E. Set sill and base members in a bed of sealant. 

F. Provide joint fillers or gaskets for weathertight construction. 

G. Seal all joints within and at perimeter of system. 

H. Provide sealant color to match finish of system at exposed locations. 

I. Provide sealants compatible with aluminum system and recommended for use 
with this type of installation. 

J. See Section 07 92 00 for sealants. 
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3.2 FIELD QUALITY CONTROL 

A. Installation supervised or inspected by manufacturer's authorized 
representative. 

END OF SECTION 
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SECTION 08 70 00 

FINISH HARDWARE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Finish hardware. 

2. Inspection and testing of door operation. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 08 11 00 - Metal Doors and Frames. 

4. Section 08 14 23 - Plastic Faced Wood Doors. 

5. Section 08 15 00 - Fiberglass Reinforced Plastic (FRP) Doors and Frames. 

6. Section 08 41 10 - Storefront. 

1.2 QUALITY ASSURANCE 

A. All door hardware shall be provided by a single hardware supplier. 

1. Hardware is to be provided under this Specification Section, unless noted 
otherwise, for doors specified in: 

a. Specification Section 08 41 10. 

B. Referenced Standards: 

1. Americans with Disabilities Act (ADA): 

a. Accessibility Guidelines for Buildings and Facilities (ADAAG). 

2. American National Standards Institute/Builders Hardware Manufacturers 
Association (ANSI/BHMA): 

a. A156.1, Butts and Hinges. 

b. A156.3, Exit Devices. 

c. A156.4, Door Controls -Closers. 

d. A156.6, Architectural Door Trim. 

e. A156.8, Door Controls - Overhead Stops and Holders. 

f. A156.13, Mortise Locks and Latches Series 1000. 

g. A156.16, Auxiliary Hardware. 

h. A156.18, Materials and Finishes. 

i. A156.21, Thresholds. 

3. American National Standards Institute/Steel Door Institute (ANSI/SDI). 
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a. A250.8, Specifications for Standard Steel Doors and Frames (SDI-100). 

4. Door and Hardware Institute (DHI). 

5. National Fire Protection Association (NFPA): 

a. 80, Standard for Fire Doors and Other Opening Protectives. 

b. 101, Life Safety Code. 

6. Underwriters Laboratories, Inc. (UL): 

a. Building Materials Directory. 

7. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2018 Edition 
including all amendments, referred to herein as Building Code. 

2) International Energy Conservation Council (IECC) 2015 Edition 
including all amendments. 

C. Qualifications: 

1. Installation shall be inspected by a certified Architectural Hardware 
Consultant (AHC). 

1.3 DEFINITIONS 

A. AHC:  Architectural Hardware Consultant, certified by DHI. 

B. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

C. All weather:  Capable of operation from -50 to +120 DEGF. 

D. Active Leaf:  Right-hand leaf when facing door from keyed side unless noted 
otherwise on Drawings. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Qualifications 

a. AHC qualifications. 

3. Certification from AHC stating: 

a. All door hardware has been reviewed by AHC and verified to be 
compatible with doors and frames. 

b. All electrified door hardware has been reviewed by AHC and has been 
coordinated with power supply and access control system. 
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c. No submittals will be reviewed until Engineer has received AHC 
certification. 

4. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

5. Schedule of all hardware being used on each door. 

a. Number hardware sets and door references same as those indicated on 
Drawings. 

6. Technical data sheets on each hardware item proposed for use. 

7. Warranty information for all hardware devices having extended warranties. 

B. Informational Submittals: 

1. Certifications: 

a. Certification from AHC stating all door hardware has been provided per 
approved Shop Drawings, has been installed in accordance with 
manufacturer's recommended installation instructions and all doors have 
been inspected and tested and found to be  in proper working order. 

1) Door assemblies required to swing in the direction of egress have 
been inspected and tested in accordance with NFPA 101. 

2) Fire-rated door assemblies have been inspected and tested in 
accordance with NFPA 80. 

1.5 WARRANTY 

A. Provide all individual manufacturers' extended warranties as advertised. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Hinges: 

a. Hager Hinge Co. 

b. McKinney Manufacturing Co. 

c. Stanley Works. 

2. Locksets and latchsets: 

a. Best Access Systems. 

b. Corbin/Russwin. 

3. Exit devices: 

a. Corbin/Russwin. 

b. Precision. 
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c. Sargent. 

d. Von Duprin, Inc. 

4. Closers: 

a. Corbin/Russwin. 

b. LCN. 

c. Norton. 

5. Door stops and holders: 

a. Trimco. 

b. Rockwood. 

c. Ives. 

6. Overhead stops: 

a. Glynn-Johnson Corp. 

b. Rockwood. 

c. Trimco. 

d. Rixson. 

7. Weatherstripping and thresholds: 

a. Pemko Manufacturing Co. 

b. Reese Enterprises, Inc. 

c. Zero Weatherstripping, Inc. 

d. National Guard Products, Inc. 

8. Door bolts, coordinators and strikes: 

a. Ives. 

b. Trimco. 

c. Hager. 

d. Rockwood. 

e. Dorma. 

9. Exit devices: 

a. Von Durpin, Inc. 

b. Corbin/Russwin. 

c. Precision. 

d. Sargent. 

10. Other materials:  As noted. 

11. Access controls (card reader, electric strikes, etc.):  Refer to Specification 
Section 28 15 00. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 
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2.2 MATERIALS 

A. General:  As indicated in the FABRICATION Article in PART 2 of this 
Specification Section. 

B. Fasteners:  Stainless steel or aluminum. 

C. Closers: 

1. Standard closer: 

a. Shell:  Aluminum or cast iron. 

b. Arms and piston:  Forged steel. 

2. Corrosion resistant closer: 

a. Body:  Aluminum. 

b. All other components and fasteners:  Stainless steel. 

c. Closer arm bushing:  Bronze. 

D. Kickplates: 

1. Stainless steel. 

E. Thresholds:  Aluminum. 

F. Overhead Stops and Wall Stops:  Stainless steel or aluminum. 

G. Keys:  Brass or bronze. 

H. Weatherstripping and Smoke Seals:  Polypropylene, neoprene, or EPDM. 

I. Pulls and Push Plates:  Stainless steel. 

J. Silencers:  Rubber. 

2.3 COMPONENTS 

A. Hinges: 

1. Butt hinges: 

a. ANSI/BHMA A156.1. 

1) A5111:  Stainless steel, full-mortise, anti-friction bearing, Grade 1. 

b. Ball bearing. 

c. Flat button tips. 

d. Butt hinges: 

1) Hager BB1199. 

2) McKinney T4B3386. 

e. Hinge size: 

1) Doors up to and including 46 IN wide:  4.5 IN x 4.5 IN. 

2) Doors over 46 IN up to and including 60 IN wide:  5 IN high x 4.5 IN. 

B. Mortise Locks and Latches: 

1. ANSI/BHMA A156.13, Series 1000, Operational Grade 1, Security Grade 1. 



FINISH HARDWARE 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
FINISH HARDWARE 
08 70 00 - 6 OF 14 

a. Meet requirements of ADA. 

2. Antifriction two-piece mechanical latchbolt with stainless steel anti-friction 
insert. 

a. One-piece stainless steel deadbolt, minimum 1-1/4 IN x 9/ 16 IN thick 
with 1 IN throw. 

b. 2-3/4 IN backset. 

c. Cylinder:  Brass, 6 pin, with interchangeable core. 

3. Locking, latching and retracting mechanism and lock case: 

a. Steel, unless noted otherwise. 

1) Chrome or zinc dichromate plated. 

4. Trim design:  Corbin/Russwin "NSP". 

a. Functions as indicated in following table in accordance with ANSI/BHMA 
A156.13. 

MORTISE LOCK NUMBERS 

ANSI FUNCTION CORBIN/RUSSWIN 

F01 Passage ML2010 

F19 Privacy ML2030 

F05 Classroom ML2055 

F07 Storeroom ML2057 

F13 Entrance or Office ML2065 

5. Electrified Hardware:   

a. Refer to specification 28 15 00 for Access Control System hardware 
components. 

b. All electric lock hardware to be 24 VDC. 

 

 

c. Provide construction cores for all lockset devices. 

1) Lost ball type construction keying is also acceptable. 

C. Exit Devices: 

1. ANSI/BHMA A156.3, Grade 1. 

2. Single doors:  Mortise. 

3. Pairs of doors:  Concealed vertical rods. 

4. Trim:  Sargent “ET”. 

a. Lever operation. 

b. Lever style:  Sargent "L". 

5. Sargent "80 Series". 

a. Function as indicated on Hardware Schedule. 

D. Bolts: 
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1. ANSI/BHMAA 156.16. 

2. Surface bolts:  Rockwood 580 Series with top and bottom strikes. 

E. Door Pulls, Push Plates and Bars: 

1. ANSI/BHMA A156.6. 

2. Push plate:  4 x 16 IN, square corner, flat plate, with beveled edges. 

3. Push bar:  Round. 

4. Push/Pull set: 

a. 4 IN x 16 IN square corner flat plate with beveled edges and 3/4 IN DIA x 
12 IN long pull. 

b. Provide 2-1/2 IN clearance. 

F. Provide cutouts as required for cylinders. 

G. Door Closers: 

1. ANSI/BHMA A156.4, Grade 1. 

2. Size door closers to comply with ANSI recommendations for door size and 
location. 

3. Fabricate all closers with integral back check. 

4. Provide integral stop unless noted otherwise. 

a. Do not provide integral stop at closers indicated to be installed on pull 
side of door. 

b. Provide all weather fluid for all closers used in exterior doors. 

5. Full cover. 

a. Manufacturer's standard plastic cover. 

6. Arms, brackets, and plates:  As required for complete installation. 

7. Closers: 

a. LCN 4040 Series or Norton 7500 Series or Corbin-Russwin DC6200 
Series. 

b. Corrosion resistant:  Norton 7500 SS Series. 

8. Provide manufacturer's standard 10 year warranty. 

H. Door Stops: 

1. ANSI/BHMA A156.16. 

a. Wall stops:  Ives WS406-CVX or WS406-CCV. 

b. Floor stop and holder:  Ives FS446. 

c. Wall stop and holder:  Ives WS445. 

I. Overhead Door Holders/Stop: 

1. ANSI/BHMA A156.8. 
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2. Provide 'hold-open' function on all stops unless noted otherwise. 

a. Do not provide ‘hold-open’ function at fire rated doors. 

3. Surface mounted stops:  Rockwood N14400 Series or Glynn Johnson 90 
Series. 

4. Concealed stops:  Rockwood N11000 Series or Glynn Johnson 100 Series. 

J. Kickplates: 

1. ANSI/BHMA A156.6. 

2. 8 IN high x 2 IN less than door width. 

3. Beveled on all edges. 

1. Thickness: 

a. Stainless steel:  0.050 IN. 

K. Thresholds: 

1. ANSI/BHMA A156.21. 

2. One-piece unit. 

3. Height:  1/2 IN high maximum. 

a. Meet requirements of ADA. 

4. Width:  4 IN. 

5. Provide required bolt cutouts. 

L. Astragal:  UL listed for labeled doors. 

M. Weatherstripping: 

1. General:  Exterior envelope locations meet minimum 2015 IECC air leakage 
requirements. 

2. Weather seal at jambs and head: 

a. Self-adhesive strip:  Reese #797. 

b. Color:  Black. 

3. Sweep at bottom of doors: 

a. Reese 701. 

b. Color:  Clear anodized. 

4. Weather seal astragal at meeting edges of pairs of doors: 

a. Reese 92 each leaf. 

b. Color:  Clear anodized. 

N. Automatic Door Bottom: 

1. Provide end caps for semi-mortised and surface mounted units. 

2. 3/4 IN drop, neoprene gasket:  Reese #521. 
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3. 3/4 IN drop, vinyl, accordion type:  Reese #371A. 

O. Sound Seals: 

1. Self-adhesive strip:  Reese #797. 

2. Color:  Black.  

P. Smoke Seals: 

1. Self-adhesive strip:  Reese #797. 

2. Color:  Black.  

3. UL listed. 

2.4 ACCESSORIES 

A. Silencers: 

1. Stainless steel frames:  Trimco 1229A or Rockwood 608. 

2. Self-adhesive silencers are not acceptable. 

B. Keying: 

1. Establish keying with Owner.  Coordinate with Owner’s existing keying. 

a. Provide and set up complete visible card indexed system with key tags 
and control slips. 

b. Tag and identify keys. 

c. Provide two (2) keys for each lock or cylinder. 

d. Master key and key in groups as directed. 

e. Provide construction master keys for all exterior doors. 

C. Strikes: 

1. Curved lips. 

a. Extended lips when required. 

2. Furnish strike boxes. 

3. Appropriate for function and hardware listed. 

2.5 FABRICATION 

A. General: 

1. Generally prepare for Phillips head machine screw installation. 

2. Exposed screws to match hardware finish or, if exposed in surfaces of other 
work, to match finish of other work as closely as possible. 

3. Provide concealed fasteners unless thru bolted. 

4. Through bolt closers on all doors. 

5. Furnish items of hardware for proper door swing. 
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6. Furnish lock devices which allow door to be opened from inside room 
without a key or any special knowledge. 

B. Hardware: 

1. Fabricate hardware for fire rated openings in compliance with UL and NFPA 
80. 

a. This requirement takes precedence over other requirements for such 
hardware. 

b. Provide only hardware which has been tested and listed by UL for types 
and sizes of doors. 

2. Provide following ANSI/BHMA A156.18 finishes: 

a. Locksets, latchsets and strikes:  630. 

b. Door pulls, push bars, push plates:  630. 

c. Kickplates: 

1) Stainless steel:  630. 

d. Exit devices:  630 where available; 626 if 630 is not available. 

1) Provide 630 finish on trim. 

e. Butt hinges:  630. 

f. Door stops, dead locks, mortise bolts, and miscellaneous hardware:  630 
where available, 626 if 630 not available. 

g. Door overhead stops:  630. 

h. Closers:  600 prime coat with 689 finish coat, unless noted otherwise. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's installation instructions. 

1. Perform installation by or under the direct supervision of an AHC. 

2. Coordinate all access control hardware with appropriate installers and door 
manufacturers. 

B. Provide all hardware in accordance with Building Code and IECC. 

C. Fit hardware before final door finishing. 

D. Permanently install hardware after door finishing operations are complete. 

E.  Locate hardware in accordance with ANSI/SDI A250.8. 

F. Butt Hinges: 

1. Provide non-removable pin (NRP) at: 

a. Exterior doors. 

b. Reverse handed doors equipped with locks. 

2. Quantities: 
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a. Door height 61 - 90 IN:  Three (3). 

b. Door height 91 - 114 IN:  Four (4). 

c. Door height 115 - 144 IN:  Five (5). 

d. Doors over 48 IN wide and over 96 IN high: 

1) Provide top butt hinge within 6 IN of the top of the door to top of 
hinge. 

2) Provide one (1) additional butt hinge approximately 6 IN below the 
bottom of the top butt hinge. 

3. Provide power transfer as necessary where electrified lockset or exit device 
is specified or as otherwise indicated in Hardware Schedule. 

G. Closers: 

1. Mount closers on push side of doors unless noted otherwise. 

H. Provide coordinator when required by hardware specified. 

I. Overhead Stops: 

1. Provide overhead stop when corrosion resistant closer is specified. 

2. Provide concealed overhead stop on doors scheduled to receive closer 
mounted on pull side of door. 

3. Provide at interior doors not scheduled to receive a closer as follows: 

a. Doors that swing more than 105 DEG without encountering a wall or 
obstruction. 

1) Stop shall limit swing of door from impacting wall or obstruction. 

b. Inactive leafs of pairs of doors. 

J. Wall Mount Door Stops: 

1. Provide where specifically indicated on Hardware Schedule and at doors not 
otherwise indicated to receive: 

a. Overhead stop. 

b. Closer with integral stop. 

K. Floor mounted stops are not acceptable unless noted otherwise in this 
Specification Section. 

L. Install astragal on all pairs of UL labeled fire doors. 

M. Provide silencers for door frames. 

1. Hollow metal frames:  See Specification Section 08 11 00. 

2. FRP frames:  See Specification Section 08 15 00. 

N. Provide weather seal, door sweep and threshold at all exterior doors and where 
scheduled on interior doors. 

1. Set thresholds in a full bed of sealant. 

2. Mount door sweeps on exterior face of door. 



FINISH HARDWARE 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
FINISH HARDWARE 
08 70 00 - 12 OF 14 

3. Mount weather seal astragal at meeting edges of pairs of doors on the 
exterior face of the doors. 

O. Provide smoke seals on all fire rated doors. 

P. Mount kickplates on push side of doors. 

3.2 FIELD QUALITY CONTROL 

A. Adjust and check each operating item of hardware to assure proper operation 
or function. 

1. Lubricate moving parts with lubricant recommended by manufacturer. 

B. During week prior to startup, make a final check and adjustment of all hardware 
items. 

1. Clean and lubricate as necessary to assure proper function and operation. 

2. Adjust door control devices to compensate for operation of heating and 
ventilating equipment. 

C. Inspection and Testing: 

1. AHC shall inspect and test all door assemblies and provide written 
certification that door assemblies are in proper working order. 

a. Door assemblies required to swing in the direction of egress shall be 
inspected and tested in accordance with NFPA 101. 

b. Fire-rated door assemblies shall be inspected and tested in accordance 
with NFPA 80. 

2. Submit documentation and certification of testing in accordance with the 
certifications paragraph in the SUBMITTALS Article in PART 1 of this 
Specification Section. 

3.3 SCHEDULES 

A. Hardware Schedule: 

 

HARDWARE SCHEDULE 

Hardware Set Description 

HW-1 Mortise Entry Lockset 

Lever Set Hardware 

1-1/2 Pair Butts 

Panic Hardware 

Threshold 

Weatherstripping 

Drip (Head) 

Door Bottom Sweep 

Door Access Controls (Card Reader, electric strikes, etc.)1 

Closer 

Kick Plates 
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HARDWARE SCHEDULE 

Hardware Set Description 

HW-2 Mortise Entry Lockset  

Lever Set Hardware  

1-1/2 Pair Butts  

Panic Hardware (Active Leaf) 

Threshold  

Weatherstripping  

Drip (Head)(Each Leaf) 

Door Bottom Sweep (Each Leaf) 

Door Access Controls (Card Reader, electric strikes, etc.)1 

Closer (Each Leaf with Hold Open) 

Kick Plates (Each Leaf) 

Surface Mounted Bolts (On Inactive Leaf) 

HW-3 Mortise Entry Lockset 

Lever Set Hardware 

1-1/2 Pair Butts 

Panic Harware 

Automatic Door Bottom 

Weatherstripping/Smoke Seals 

Closer 

Kick Plates 

3 HR Fire Rated Door Assembly 

HW-4 Mortise Storeroom Lockset 

Lever Set Hardware 

1-1/2 Pair Butts 

Kick Plates 

HW-4A Mortise Storeroom Lockset 

Lever Set Hardware 

1-1/2 Pair Butts (each leaf) 

Kick Plates (each leaf) 

HW-5 Mortise Privacy Lockset 

Lever Set Hardware 

1-1/2 Pair Butts 

HW-6 Mortise Passage Set Lockset 

Lever Set Hardware 

1-1/2 Pair Butts 

HW-7 Mortise Office Lockset 

Lever Set Hardware 

1-1/2 Pair Butts 

Automatic Door Bottom 

Weatherstripping 

Kick Plates 
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HARDWARE SCHEDULE 

Hardware Set Description 

HW-7A Mortise Office Lockset 

Lever Set Hardware 

1-1/2 Pair Butts 

Automatic Door Bottom 

Weatherstripping 

Kick Plates 

Closer 

HW-8 Mortise Entry Lockset 

Lever Set Hardware 

1-1/2 Pair Butts 

Automatic Door Bottom 

Sound Seals 

Panic Hardware 

Closer (both leafs) 

Astragal 

HW-9 Mortise Entry Lockset 

Lever Set Hardware 

1-1/2 Pair Butts 

Closer 

Door Access Controls (card reader, electric strike sets, etc.)1 

Panic Hardware (at Doors 02A101C and 02A108) 

HW-10 Push/Pull Plates 

1-1/2 Pair Butts 

Closer 

1  Refer to Specification Section 28 15 00 for all door access control components. 

 

END OF SECTION
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SECTION 08 81 00 

GLASS AND GLAZING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Glass and glazing. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 07 92 00 - Joint Sealants. 

4. Section 08 11 00 - Hollow Metal Doors and Frames. 

5. Section 08 15 00 - Fiberglass Reinforced Plastic (FRP) Doors and Frames. 

6. Section 08 41 10 - Storefront. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American National Standards Institute (ANSI): 

a. Z97.1, Glazing Materials Used in Buildings - Safety Performance 
Specifications and Methods of Test. 

2. ASTM International (ASTM): 

a. C864, Standard Specification for Dense Elastomeric Compression Seal 
Gaskets, Setting Blocks, and Spacers. 

b. C1036, Standard Specification for Flat Glass. 

c. C1048, Standard Specification for Heat-Treated Flat Glass-Kind HS, 
Kind FT Coated and Uncoated Glass. 

d. C1376, Standard Specification for Pyrolytic and Vacuum Deposition 
Coatings on Flat Glass. 

e. E119, Standard Test Methods for Fire Tests of Building Construction and 
Materials. 

f. E2190, Standard Specification for Insulating Glass Unit Performance and 
Evaluation. 

3. Code of Federal Regulations (CFR): 

a. Title 16 - Commercial Practices, Chapter ii - Consumer Product Safety 
Commission (CPSC), Subchapter B - Consumer Product Safety Act 
Regulations: 

1) 16 CFR 1201, Safety Standard for Architectural Glazing Materials. 
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4. Glass Association of North America (GANA): 

a. Glazing Manual. 

5. Insulating Glass Certification Council (IGCC). 

6. Insulating Glass Manufacturers Alliance (IGMA): 

a. TM-3000, North American Glazing Guidelines for Sealed Insulating 
Glass Units for Commercial and Residential Use. 

7. National Fire Protection Association (NFPA). 

a. 80, Standard for Fire Doors and Other Opening Protectives. 

b. 251, Standard Methods of Tests of Fire Resistance of Building 
Construction and Materials. 

c. 252, Standard Methods of Fire Tests of Door Assemblies. 

d. 257, Standard on Fire Test for Window and Glass Block Assemblies. 

8. Underwriters Laboratories, Inc. (UL): 

a. 9, Standard for Fire Tests of Window Assemblies. 

b. 10B, Standard for Fire Tests of Door Assemblies. 

c. 263, Standard for Fire Tests of Building Construction and Materials. 

9. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2018 Edition 
including all amendments, referred to herein as Building Code. 

2) International Energy Conservation Code (IECC), 2015 Edition 
including all amendments. 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

B. Safety Glazing:  Glazing meeting the requirements of the Building Code and 
CPSC 16 CFR 1201. 

C. Other terms as identified in CSPC 16 CFR 1201. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 
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b. Manufacturer's installation instructions. 

c. Certification that glass has been tested and approved for use in fire 
resistance rated doors or walls. 

1) Copies of all test criteria. 

3. Certification that insulating glass units meet requirements of IGCC and are 
certified by IGCC to ASTM E2190. 

B. Samples: 

1. Two (2) 12 x 12 IN sample of each type, color, and thickness specified. 

a. Samples are not required for clear monolithic glass. 

C. Informational Submittals: 

1. Warranty. 

1.5 WARRANTY 

A. Provide manufacturer's written 10 year warranty to cover deterioration of glass, 
glass units, coatings and ceramic frit. 

1. Insulating glass units shall be warranted against failure of hermetic seal 
resulting in fogging or film formation on the interior glass surfaces.  

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Glass: 

a. Guardian Industries Corp. 

b. Insulite Glass Co. 

c. Pilkington. 

d. Vitro Architectural Glass (formerly PPG Glass). 

e. Viracon. 

2. Gaskets, glazing compounds, setting blocks, spacers, sealant, sealant tape, 
etc., as recommended by glass manufacturer, glass unit fabricator. 

a. Provide materials as required by NFPA for use in fire-rated units. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. General: 

1. ASTM C1036. 

a. Clear glass:  Type I, Class 1, Quality Q3. 

b. Tinted glass:  Type I, Class 2, Quality Q3. 
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2. Thickness:  1/4 IN, unless noted otherwise. 

3. Exterior envelope glazing: 

a. Meet maximum IECC U-Factor and SHGC requirements for building 
envelope fenestration as indicated in Table C402.4 of the IECC. 

B. Heat Strengthened and Fully Tempered Glass:  ASTM C1048. 

1. Safety glazing:  Kind FT. 

a. Meet requirements of ANSI Z97.1 and CSPC 16 CFR 1201. 

2. Condition: 

a. Clear and/or tinted vision glass:  Condition A and/or Condition C. 

b. Tinted vision glass:  Condition C. 

1) ASTM C1376, Kind CV or CO. 

2.3 MANUFACTURED UNITS 

A. Insulating Glass Units: 

1. ASTM E2190, Class A. 

2. Two (2) lites of glass separated by a hermetically sealed air space. 

a. Spacer:  Stainless steel "warm edge" spacer.  

1) Thickness:  1/2 IN. 

2) Color:  Black. 

b. Perimeter Sealant:  Silicone. 

1) Color:  Black. 

B. Laminated Safety Glass: 

1. ASTM C1172, Type II. 

a. Meet requirements of ANSI Z97.1 and CSPC 16 CFR 1201. 

2. Interlayer :  Clear plastic manufactured specifically for use in laminated 
glass. 

a. Enhanced Polyvinyl Butyral (EPVB):  0.100 IN thick. 

1) Viracon "StormGuard". 

2.4 ACCESSORIES 

A. Glazing Compounds: 

1. Non-sag, non-stain type. 

2. Pigmented to match frame units not requiring painting. 

3. Compatible with adjacent surfaces. 

4. One- or two-part polyurethane or silicone sealant for use in setting glass. 

a. Provide glazing compounds which will not be affected by chemicals 
stored in rooms where glazing compounds are used. 
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B. Sealant Tape:  Butyl rubber sealant tape or ribbon having a continuous 
neoprene shim. 

C. Gaskets: 

1. Flexible polyvinyl chloride or neoprene. 

a. ASTM C864. 

b. Provide gaskets which will not be affected by chemicals stored in rooms 
where gaskets are used. 

2. Extruded of profile and hardness required to receive glass and provide a 
watertight installation. 

3. Provide gaskets in accordance with NFPA in fire resistance rated glazing. 

D. Setting Blocks and Spacers: 

1. Neoprene or EPDM, compatible with sealants used. 

a. ASTM C864. 

E. Compressible Filler Stock:  Closed cell polyethylene or polyethylene jacketed 
polyurethane foam. 

F. Shims, Clips, Screws and Other Miscellaneous Items:  As required by condition. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with recommendations of manufacturer, GANA Glazing 
Manual and IGMA TM-3000. 

B. Install setting blocks in adhesive or sealant. 

C. Install spacers inside and out, of proper size and spacing, for all glass sizes 
larger than 50 united inches, except where gaskets are used for glazing. 

D. Provide 1/8 IN minimum bite of spacers on glass. 

E. Spacer thickness to equal sealant width. 

F. Prevent sealant exudation from glazing channels of insulating glass which is 
more than 1/2 IN thick; colored, heat absorbing, coated or laminated glass sizes 
larger than 75 united inches; and other glass more than 9/32 IN thick or larger 
than 125 united inches. 

1. Leave void at heel (or install filler) at jambs and head. 

2. Do not leave void (or install filler) at sill. 

G. Miter cut and bond gasket ends together at corners. 

H. Immediately after installation, attach crossed streamers to framing held away 
from glass. 
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I. Use polysulfide-based glazing sealants in window assembly and as perimeter 
sealant around frames in areas which may be exposed to chlorine gas or 
chlorine liquid splash or spillage. 

1. See Specification Section 07 92 00 for sealants. 

J. Install fire resistance rated glass in accordance with manufacturer's 
recommendations and in accordance with applicable fire testing criteria. 

3.2 FIELD QUALITY CONTROL 

A. Do not install glass with edge damage. 

B. Do not apply anything to surfaces of glass. 

C. Remove and replace damaged glass. 

3.3 CLEANING 

A. Maintain glass reasonably clean during construction, so that it will not be 
damaged by corrosive action and will not contribute to deterioration of other 
materials. 

B. Wash and polish glass on both faces not more than seven (7) days prior to 
acceptance of work in each area. 

1. Comply with glass manufacturer's recommendations. 

3.4 SCHEDULES 

A. General: 

1. Provide safety glazing for all applications where required by the Building 
Code and CPSC 16 CFR 1201. 

2. Provide heat strengthened glazing for all general use applications where 
safety glazing is not required. 

B. Glass Type 1:  Clear Monolithic Glass. 

C. Glass Type 4:  Insulating Units. 

1. Exterior lite:  1/4 IN clear. 

2. 1/2 IN dehydrated air space. 

3. Interior lite:  1/4 IN clear. 

4. Performance Requirements: 

a. Transmittance: 

1) Visible light:  76 PCT. 

b. U-Value  

1) Winter:  0.47. 

2) Summer:  0.49. 

c. Solar Heat Gain Coefficient (SHGC):  0.70. 
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D. Glass Type 11:  Insulated Impact Resistent Low-E Tempered/Laminated Glass 
Units. 

1. Meet ASTM 1996, Windzone 3 for window glazing system assembly 
requirements. 

2. Exterior lite:  Minimum 1/4 IN tempered with Solarban 70XL on #2 surface. 

a. Color:  Solarbronze 

3. 1/2 IN argon filled air space. 

4. Interior lite:  Laminated Glass. 

a. Exterior ply:  Minimum 1/4 IN clear. 

b. Interlayer:  See MANUFACTURED UNITS Article in PART 2. 

c. Interior ply:  Minimum 1/4 IN clear. 

5. Performance Requirements: 

a. Transmittance: 

1) Visible light:  40 percent. 

b. Reflectance: 

1) Exterior:  7 percent. 

2) Interior:  12 percent. 

c. U-Value  

1) Winter:  0.28. 

2) Summer:  0.24. 

d. Solar Heat Gain Coefficient (SHGC):  0.21. 

END OF SECTION
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SECTION 08 90 00 

LOUVERS AND VENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Louvers and vents. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 07 62 00 - Flashing and Sheet Metal. 

4. Section 07 92 00 - Joint Sealants. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Aluminum Association (AA): 

a. DAF 45, Designation System for Aluminum Finishes. 

2. Air Movement and Control Association (AMCA). 

3. ASTM International (ASTM): 

a. B221, Standard Specification for Aluminum and Aluminum-Alloy 
Extruded Bars, Rods, Wire, Profiles, and Tubes. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Drawing showing location of each louver or vent, indicating size and 
arrangement of blank-off plates if required. 

3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Color chart showing manufacturer's full line of colors including exotic and 
special colors for color selection by Engineer. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Louvers: 

a. Airolite Co. 

b. Construction Specialties, Inc. 

c. Ruskin Manufacturing. 

d. Industrial Louvers, Inc. 

e. American Warming. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MANUFACTURED UNITS 

A. Louvers: 

1. Equal to Ruskin ELC6375DXD. 

2. Drainable with blades at 37-1/2 DEG. 

3. Continuous blade appearance. 

4. Minimum free area:  44%. 

5. Maximum pressure drop:  0.08 IN of water at 700 FPM. 

6. Water penetration:  0.01 OZ/SF at 1,250 FPM. 

7. AMCA 540 and AMCA 550 Certified. 

8. Insect screen: 

a. 18-16 mesh aluminum. 

b. Install in standard aluminum frame. 

B. Anchors, Fasteners, Reinforcing:  Aluminum or stainless steel. 

C. Finish: 

1. Architectural Class 1 coating per AA DAF 45. 

a. AA-M12C22A42 medium bronze anodized or AA-M10C22A41 clear. 

b. Final selection to be determined. 

D. Size:  Refer to Mechanical Drawings for louver size, and refer to Architectural 
Drawings for louver shapes. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 
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B. Install anchoring and bracing accessories as required. 

C. Seal around perimeter on exterior and interior. 

1. See Section 07 92 00. 

D. Install 0.040 IN aluminum flashing at sill to match louver. 

1. See Section 07 62 00. 

END OF SECTION
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SECTION 09 22 16 

NON-STRUCTURAL METAL FRAMING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Furnish labor, materials, tools, equipment, and services for Non-Structural 
Metal Framing in accordance with provisions of Contract Documents. 

B. Completely coordinate with work of other trades.  

1.2 QUALITY ASSURANCE 

A. Manufacturer Qualifications: 

1. Member of Certified Steel Stud Association (CSSA), Steel Stud 
Manufacturers Association (SSMA) or Steel Framing Industry Association 
(SFIA). 

B. ASTM International (ASTM): 

1. ASTM C645 Standard Specification for Nonstructural Steel Framing 
Members. 

2. ASTM A653 Standard Specification for Steel Sheet, Zinc-Coated 
(Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip 
Process 

3. ASTM C754 Standard Specification for Installation of Steel Framing 
Members to Receive Screw-Attached Gypsum Panel Products. 

4. ASTM A1003 Standard Specification for Steel Sheet, Carbon, Metallic and 
Nonmetallic-Coated for Cold-Formed Framing Members. 

C. Provide studs and accessories of type tested and listed for construction 
indicated. 

D. Gypsum Association (GA): 

1. GA-216 Application and Finishing of Gypsum Panel Products. 

2. GA-234 Control Joints for Fire-Resistance Rated Systems. 

1.3 SUBMITTALS 

A. Product Data: 

1. Provide copies of manufacturer’s specifications and installation instructions 
for each type of material and accessory required. 

a. Where fire resistance classification is indicated, submit copies of 
nationally recognized testing laboratory listings of products proposed for 
use. 

b. Include data required to show specification compliance. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Non-Structural Metal Framing: 

1. Base: 

a. Telling Industries 

2. Optional: 

a. CEMCO Steel Framing and Metal Lath 

b. ClarkDietrich Building Systems 

c. Custom Stud Inc. 

d. Marino/WARE 

e. MBA Metal Framing 

f. MRI Steel Framing LLC. 

g. The Steel Network 

B. Isolation Strip Material: 

1. Base: 

a. Reflectix, Inc. 

2. Optional: 

a. Saint-Gobain 

C. Knee Wall Brace: 

1. Base: 

a. Pittcon Industries 

D. Interlocking Grid Support Systems for Gypsum Board Ceilings: 

1. Base: 

a. USG Corporation 

2. Optional: 

a. Armstrong 

b. Chicago Metallic 

E. Other manufacturers desiring approval comply with Section 01 25 13. 

F. Products proposed for use in fire-rated assemblies: 

1. Approved by nationally recognized testing laboratory. 

2.2 DESIGN CRITERIA 

A. Select steel studs in accordance with manufacturer's standard load tables and 
following design pressures and maximum deflections: 
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Performance Criteria 

Use Condition 2 
Design 

Pressure 
Maximum 
Deflection 

Wall enclosing stairs, elevator hoistways, and other vertical 
shafts 

10 LBS/SF 
480 Pa 

L/240 

Wall enclosing vestibules, ground floor lobbies, and similar 
spaces subject to intermittent exposure to exterior wind 
conditions 

15 LBS/SF 
720 Pa 

L/240 

Walls scheduled with Tile Backer Board, Moisture-Resistant,  
Impact-Resistant, or Abuse-Resistant Gypsum Wallboard 5 LBS/SF 

240 Pa 

L/360 

Walls scheduled to receive Tile, lath and plaster, or veneer 

plaster. 1 
 

Typical Interior Walls/Partitions (those not listed above) 
5 LBS/SF 
240 Pa 

L/240 

Interior Ceilings, Soffits and Bulkheads 
5 LBS/SF 
240 Pa 

L/360 

Footnotes 
1.   Limit deflection to L/360 where wall cladding on either face is any of the following:  Ceramic Tile, Stone Tile, 
Porcelain Tile, Thin Brick, Lath & Plaster, Simulated Masonry, Adhered-stone, Veneer Plaster and similar brittle 
finishes which are prone to movement-induced cracking.  

2.   Where elements meet multiple conditions; Use most stringent Deflection and Design Pressure values. 

2.3 MATERIALS 

A. Metal Studs and Floor Tracks: 

1. C-shaped, roll-formed studs and tracks conforming to ASTM C645. 

2. Galvanized:  G40. 

3. Stud and track depths:  As indicated by wall partition type. 

4. Minimum flange width:  1-1/4 IN. 

5. Minimum thickness:  30 MIL (20 GA), except as follows: 

a. Increase member thickness to comply with performance criteria. 

b. Jambs of openings:  Two 30 MIL (20 GA) studs or single engineered 
jamb stud equivalent to double-stud assembly. 

6. Provide diagonal braces above ceiling to reduce overall span as required for 
wall assemblies.   

a. Coordinate locations with building services items. 

b. Do not employ studs with member thickness less than allowed by fire 
resistance rated assemblies. 

7. High strength 50KSI studs shall comply with design criteria of equivalent 
thickness standard 33KSI studs listed. 

8. Base products:   

a. Drywall Framing System by Telling Industries. 

9. Optional products, high strength steel: 

a. Viper Stud by Telling Industries. 

B. Head of Wall Accessories: 
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1. Configure to accommodate deflection of superstructure without inducing 
axial loading on partition wall. 

2. Maintain structural integrity, fire and smoke-resistance, and sound control as 
required by each wall. 

3. Slotted top deflection track: 

a. Deep leg, vertically slotted track.  

b. Cold-formed sheet steel; galvanized; G60. 

c. Thickness:  30 MIL (20 GA) minimum. 

d. Width:  As required for studs sizes indicated. 

e. Depth:  Minimum 2-1/2 IN down-standing legs with 1/4 IN wide by 1-1/2 
IN high slots spaced 1 IN on center. 

4. Z-bars, cold formed channels and clips: 

a. Accommodate thickness of spray-applied fire-resistive materials. 

5. UL-listed fire resistant components tested for compliance with requirements 
indicated. 

6. Firestopping Materials: 

a. Sealants, sprays, intumescent strips and forming materials. 

b. Coordinate with sealants specified in Section 07 84 00 and Section 07 92 
00.  

c. Intumescent applications: 

1) Factory or field applied. 

C. Furring Channels: 

1. Hat shaped sections. 

2. Galvanized:  G40. 

3. Sizes:  7/8 IN and 1-1/2 IN, as indicated. 

4. Minimum Thickness:  30 MIL (20 GA); Use heavier gauge as dictated by 
conditions. 

5. Base product:  DWFC by Telling Industries. 

D.  2-1/2 IN, if needed.Accessory Items: 

1. Wire Ties: 

a. Minimum thickness:  43 MIL (18 GA) soft annealed, galvanized. 

2. Track Fasteners: 

a. Power driven type, to withstand minimum 190 LBS shear when driven. 

3. Closure: 

a. Continuous 30 MIL (20 GA) galvanized closure angle to receive vapor 
retarder and vapor retarder tape. 
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4. Metal Blocking: 

a. C-shaped modified track runners. 

b. G40 galvanized. 

c. Backing height:  6 IN minimum. 

d. Flange width:  1-1/4 IN minimum. 

e. Thickness:  30 MIL (20 GA) minimum. 

5. Backing - Flat Plate: 

a. Flat, sheet metal stock per ASTM A1008. 

b. G40 galvanized. 

c. Thickness:  50 MIL (18 GA) minimum. 

6. Knee Wall Brace: 

a. Steel tube and baseplate bolted to concrete floor slab with tube 
projecting vertically; concealed within framed walls to provide structural 
stability for knee walls. 

b. Design components compatible with wall type. 

c. Material:  Cold-rolled steel tube and base plate, fully welded. 

d. Overall height:  Wall height less 2 IN. 

e. Spacing as recommended by manufacturer. 

f. Base product:  SKB by Pittcon Industries. 

E. Support Systems for Gypsum Ceilings: 

1. Interlocking Grid Systems: 

a. ASTM C635, direct-hung system composed of T-Shaped framing 
members designed to carry load of screw-applied gypsum ceiling board. 

b. Tabs on Cross-Tees to interlock into slots in Main Runners where 
intersections occur. 

c. Base Product:  Drywall Suspension System by USG Corporation. 

2. Track and Channel Systems: 

a. ASTM C645 roll-formed steel with G40 galvanized coating.  

b. Thickness:  30 MIL (20 GA) minimum; Use heavier gauge as dictated by 
conditions. 

c. Carrying channels: 

1) Size:  1-1/2 IN. 

d. Furring channels:   

1) Sizes:  7/8 IN and 1-1/2 IN, as indicated. 

3. Stud-Framed Ceiling/Soffit Systems: 

a. C-shaped studs or joists; roll-formed. 

b. Galvanized:  G40. 

c. Frame member depth:  3-5/8 IN minimum, unless otherwise indicated. 
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1) Use wider stud sections if ceiling span and support requires. 

d. Flange width:  1-1/4 IN minimum. 

e. Stud thickness:  33 MIL minimum. 

4. Tie Wire:   

a. ASTM A641, Class 1 zinc coating, soft temper. 

b. Diameter, single-strand:  62 mils (14 GA) minimum. 

c. Diameter, double-strand:  42 mils (18 GA) minimum. 

5. Wire Hangers: 

a. ASTM A641, Class 1 zinc coating, soft temper. 

b. Diameter:  97 mils (12 GA) minimum. 

6. Anchors in Concrete: 

a. Anchors of type and material indicated below, with holes or loops for 
attaching hangers of type indicated and with capability to sustain, without 
failure, a load equal to 5 times that imposed by ceiling construction, as 
determined by testing per ASTM E488 or ASTM E1512 as applicable. 

b. Acceptable types:  Cast-in-place, post-installed expansion anchors and 
post-installed bonded anchors. 

c. Material:  Carbon-steel components zinc plated to comply with ASTM-
B633, Class Fe/Zn 5 for Class SC 1 service condition. 

7. Powder-Actuated Fasteners in Concrete: 

a. Fastener system of type suitable for application indicated, fabricated 
from corrosion-resistant materials, with clips or other accessory devices 
for attaching hangers of type indicated, and with capability to sustain, 
without failure, a load equal to 10 times that imposed by ceiling 
construction, as determined by testing per ASTM E1190. 

b. Comply with seismic design requirements where applicable. 

8. Other items including suspension wire, tie wire, attachment devices:  As 
specified and indicated. 

PART 3 - EXECUTION 

3.1 INSPECTION 

A. Examine supporting structure and conditions under which system will be 
installed. 

B. Correct conditions detrimental to proper installation. 

C. Installation constitutes acceptance of responsibility for performance. 

3.2 INSTALLATION - GENERAL 

A. Layout and install metal framing accurate to dimensions indicated in drawings. 
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B. Installation Standard:  ASTM C754, except comply with framing sizes and 
spacing indicated. 

1. Gypsum Board Assemblies:  Comply with additional requirements in ASTM 
C840 relative to framing installation. 

C. Install supplementary framing, and blocking to support fixtures, equipment 
services, heavy trim, grab bars, toilet accessories, furnishings, or similar 
construction. 

D. Install bracing at terminations in assemblies. 

E. Do not bridge building control and expansion joints with non-load-bearing steel 
framing members.  Frame both sides of joints independently. 

F. Where studs are installed directly against exterior masonry walls or dissimilar 
metals at exterior walls, install isolation strip between studs and exterior wall. 

G. Extend framing full height to structural supports. 

1.  Exception:  Where partitions are indicated to terminate at, or just above, 
suspended ceilings.   

2. Continue framing around ducts and similar items which penetrate partitions. 

H. Position studs vertically engaging floor track and head of wall deflection track. 

1. Align stud knockouts to facilitate running of wires and conduit. 

I. Space studs maximum 16 IN on center. 

J. Provide additional studs at corners, partition intersections and terminations of 
partitions, and at each side of control joints.  

K. Positively anchor studs to floor tracks with self-tapping pan head screws, or 
stud clinching tool per ASTM C754. 

L. Anchor studs to deflection track with wafer head screws on both flanges of each 
stud.  

1. Maintain deflection gap between top of stud and top of slotted track. 

2. Install screws at centerline of slot and secure allowing vertical movement. 

M. Anchor fire rated partitions as required by fire resistance design, and 
firestopping design. 

N. Where partitions abut vertical structural elements, provide perimeter relief per 
Gypsum Association GA-600 Strain Relief System details. 

O. Head-of-Wall: 

1. Provide slotted top track for walls extended to structure. 

2. Configure to resist lateral loads while accommodating deflection of overhead 
building superstructure without inducing axial loading on partition framing. 

3. Secure deflection track to structure in accordance with industry standards 
and regulatory requirements. 
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4. Secure at corners and at ends. 

5. Cut vertical studs 5/8 IN short to create a deflection gap when installed into 
top track. 

a. Secure vertical studs to top track with framing screw at each stud, 
screwing through track slots for positive stud connection. 

6. Secure Gypsum Wallboard to vertical studs; do not secure Gypsum 
Wallboard to top track directly. 

7. Prepare wall for installation of seals, firestopping, or both: 

a. Fire-rated Walls:  Prepare for fire-resistive joint assemblies specified in 
Section 07 84 00. 

b. Non-fire rated partitions including Smoke Partitions:  Prepare for Sealant 
specified in Section 07 92 00. 

P. Furring Channels: 

1. Attach furring channel systems directly to parent walls. 

2. Install channels at maximum 16 IN OC. 

3. Provide additional framing at openings, cutouts, corners, and control joints. 

4. Space fasteners not more than 24 IN OC, staggered on opposite flanges of 
furring channels. 

3.3 FRAMING AT OPENINGS 

A. Control Joints (CJ): 

1. Install additional stud, maximum 1/2 IN from jamb studs. 

2. Do not fasten extra stud to track or jamb stud. 

3. Refer to specification Section 09 29 00 for control joint locations. 

B. Prefabricated headers, jambs, and sill framing systems option: 

1. Proprietary opening framing systems may be used as an alternative to 
conventionally fabricated framing. 

2. Pre-approved Products: 

a. HDS Framing System by ClarkDietrich. 

b. Quick Frame Rough Opening System by Marino/ Ware. 

C. Door Openings:   

1. Screw vertical studs at jambs to jamb anchor clips on door frames; install 
runner track section for cripple studs at head and secure to jamb studs. 
Screw into web of jamb stud.   

2. Unless indicated otherwise, extend jamb studs through suspended ceilings 
and secure laterally to overhead structure. 

3. Jamb Studs: 
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a. Install two studs at each jamb, unless otherwise indicated. 

b. Minimum thickness of jamb studs:  30 MIL (20 GA) at openings. 

c. Securely attach jamb studs to door frames. 

d. Attach drywall to both studs equally. 

4. Headers: 

a. Openings less than 4 FT wide: 

1) Cut-to-length section of floor runner above and below wall openings. 

2) Split flanges and bend webs at ends. 

3) Overlap and screw attach jamb studs to frames. 

b. Openings over 4 FT wide: 

1) Cut-to-length, horizontal box beam studs above and below wall 
openings. 

2) Design for actual span and loading. 

5. Control Joints at head of jambs: 

a. Install cripple studs at head adjacent to each jamb stud, with a minimum 
1/2 IN clearance from jamb stud to allow for installation of control joint in 
finished assembly. 

b. Gypsum Wallboard control joints as specified in Section 09 29 00. 

D. Other Framed Openings: 

1. Frame openings other than door openings the same as required for door 
openings, unless otherwise indicated. 

2. Install framing below sills of openings to match framing required above door 
heads. 

3. Cripple Studs: 

a. Install cut-to-length intermediate vertical studs above and below 
openings. 

b. Spacing:  As indicated for typical full-length studs. 

3.4 WALL BACKING AND BLOCKING 

A. Verify metal stud framing has been installed to support wall-mounted items.  

B. Wood Wall Blocking:  Specified in Section 06 10 00. 

C. Coordinate mounting height, location, and coverage with item to be supported. 

D. Determine material width according to item to be supported. 

E. Attachment:  Minimum 2 - #10 sheet metal screws at each stud.  Provide 
necessary anchoring / attachment as required for supported elements. 

3.5 CEILING FRAMING 

A. Install in compliance with manufacturer's recommendations. 
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B. Provide required items to support and trim out neatly, flush or recessed 
mechanical and electrical items. 

C. Frame openings in ceiling support system to accommodate access panels and 
similar openings and penetrations. 

1. Completely frame openings with closed channel side of stud facing opening 
for support of recessed mechanical and electrical items. 

3.6 CEILING SUPPORT SYSTEMS 

A. Install suspension system components in sizes and spacing indicated on 
Drawings, but not less than required by referenced installation standards for 
assembly types and other assembly components indicated. 

B. Isolate suspension systems from building structure where abutting or 
penetrated by building structure. 

C. Suspend hangers from building structure as follows: 

1. Install hangers plumb and free from contact with insulation or other objects 
that are not part of supporting structural or suspension system. 

a. Splay hangers only where required to miss obstructions and offset 
resulting horizontal forces by bracing, counter-splaying, or other equally 
effective means. 

2. Where width of ducts and other construction within ceiling plenum interfere 
with locations of hangers required to support standard suspension system 
members, install supplemental suspension members and hangers in the 
form of trapezes or equivalent devices. 

a. Size supplemental suspension members and hangers to support ceiling 
loads within performance limits established by referenced installation 
standards. 

3. Wire Hangers:  Secure by looping and wire tying, either directly to structures 
or to inserts, eye screws, or other devices and secure fasteners appropriate 
for substrate. 

4. Flat Hangers:  Secure to structure, including intermediate framing members, 
by attaching to inserts, eye screws, or other devices and secure fasteners 
appropriate for structure and hanger. 

5. Do not attach hangers to steel roof deck. 

6. Do not attach hangers to permanent metal forms.  Furnish cast-in-place 
hanger inserts that extend through forms. 

7. Do not attach hangers to rolled-in hanger tabs of composite steel floor deck. 

8. Do not connect or suspend steel framing from ducts, pipes, or conduit. 

D. Grid Suspension Systems:   

1. Attach perimeter wall track or angle where grid suspension systems meet 
vertical surfaces.   
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2. Mechanically join main beam and cross-furring members to each other and 
butt-cut to fit into wall track. 

3. Install suspension systems that are level to within 1/8 IN in 12 FT measured 
lengthwise on each member that will receive finishes and transversely 
between parallel members that will receive finishes. 

4. Coordinate support requirements for all in-ceiling devices with capacity of 
ceiling grid system.   

END OF SECTION
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SECTION 09 29 00 

GYPSUM BOARD 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Gypsum board. 

2. Tile backer board. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 06 10 00 - Rough Carpentry. 

4. Section 07 92 00 - Joint Sealants. 

5. Section 09 22 16 - Non-Structural Metal Framing. 

6. Section 09 30 00 – Tiling. 

7.  Section 09 91 10 - Architectural Painting. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) 
or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. 

b. C475, Standard Specification for Joint Compound and Joint Tape for 
Finishing Gypsum Board. 

c. C840, Standard Specification for Application and Finishing of Gypsum 
Board. 

d. C1047, Standard Specification for Accessories for Gypsum Wallboard 
and Gypsum Veneer Base. 

e. C1396, Standard Specification for Gypsum Board. 

f. D3273, Standard Test Method for Resistance to Growth of Mold on the 
Surface of Interior Coatings in an Environmental Chamber. 

2. Gypsum Association (GA): 

a. GA-214, Recommended Levels of Gypsum Board Finish. 

3. Underwriters Laboratories, Inc. (UL): 

a. Building Materials Directory. 

b. Fire Resistance Directory. 
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1.3 DEFINITIONS 

A. Wet Area:   

1. Toilet rooms, showers, laboratories, janitor closets, or similar areas. 

2. Areas within 5 FT of emergency showers, eye wash stations, service sinks, 
or mop sinks. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Drawings of unusual conditions. 

a. Control joint layout. 

3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

4. Manufacturer's adhesive, joint treatment compound and tape 
recommendations. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Gypsum board and accessories: 

a. American Gypsum. 

b. Georgia-Pacific Building Products. 

c. National Gypsum. 

d. USG Corporation. 

2. Gypsum board suspension system: 

a. Armstrong. 

b. Chicago Metallic Corp. 

c. USG. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. General: 

1. Provide UL Listed materials in fire-resistant rated construction. 
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2. Furnish in lengths as long as practicable. 

B. Gypsum Board (GB): 

1. ASTM C1396. 

2. Thickness:  5/8 IN unless noted otherwise. 

3. Edges:  Tapered. 

4. Fire-rated board:  Type X. 

5. Water-Resistant Gypsum Board (WRGB): 

a. Water-resistant core and facers. 

1) Smooth face for finishing similar to standard gypsum board. 

b. Mold-resistant:  ASTM D3273. 

c. USG "Sheetrock Mold Tough". 

  

C. Cement Backer Board: 

1. ASTM C1325. 

2.  Thickness: 

a. Wall board:  5/8 IN. 

b. Flooring underlayment:  1/4 IN. 

3. Water durable, mold resistant, non-combustible cement backer board for 
tile. 

a. Rot, warp and delaminate resistant. 

b. For use on walls or floors. 

c. See Specification Section 09 30 00 for ceramic tile. 

D. Gypsum Sheathing:  See Specification Section 07 61 13. 

E. Adhesive:  As recommended by board manufacturer. 

F. Joint Treatment Compound: 

1. ASTM C475. 

2. Recommended by manufacturer for specified board type and location. 

3. Do not use self-adhesive fiber mesh tape. 

G. Joint Tape: 

1. ASTM C475. 

2. Recommended by manufacturer for specified board type and location. 

2.3 ACCESSORIES 

A. Trim: 

1. ASTM C1047. 
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2. Galvanized:  ASTM A653 G-60, unless noted otherwise. 

3. Corner bead: 

a. Standard type with perforated flanges. 

b. ClarkDietrich "#103 Deluxe Corner Bead". 

4. Casing and trim bead:   

a.  ClarkDietrich "#200-A Metal U-Trim. 

5. Control and expansion joints:   

a. ClarkDietrich "#093 Zinc Control Joint." 

B. Fasteners: 

1. Gypsum board: 

a. Self-drilling Type S, corrosion-resistant bugle head screws. 

b. Provide stainless steel fasteners in wet areas. 

2. Cement backer board: 

a. Self-drilling, corrosion resistant wafer head screws with strip-out 
prevention ribs. 

b. Do not use drywall screws. 

C. Tie Wire and Suspension Wire: 

1. Galvanized, soft annealed 12 GA minimum. 

2. Use soft stainless steel wire of same gage in all wet areas and/or exterior 
areas. 

D. Gypsum Board Suspension System: 

1. Direct hung factory fabricated heavy duty rated, single web system. 

2. Electro-galvanized. 

3. Fire rated system, UL listed. 

4. Basis of Design:  Chicago Metallic "Fire Front 650 Drywall Furring System." 

5. Refer to Specification Section 09 22 16. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. General: 

1. Verify that metal stud framing has been installed plumb, true, and in 
accordance with the Contract Documents. 

2. Install ceiling suspension system in accordance with manufacturer's 
recommendations. 

3. Install gypsum board in accordance with ASTM C840. 
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4. Coordinate installation of gypsum board with installation of rigid vinyl sheet 
and fully wrapped rigid vinyl sheet panels. 

5. Install board in fire-rated construction in accordance with UL requirements. 

a. Self-adhesive applied fire rated tape is not acceptable for use on board 
joints in fire rated walls. 

b. Tape all joints using conventional fire rated joint tape and joint treatment 
compound. 

6. Erect all board vertically with edges over supporting members. 

a. See Specification Section 09 22 16 non-structural metal framing. 

7. Secure to each support or framing member with screws. 

a. Provide fasteners of sufficient length to penetrate framing member or 
stud not less than 3/8 IN. 

8. In curved wall or ceiling applications use 1/4 IN thick board specifically 
designed for use in radius construction. 

a. Apply in multiple layers as required to meet minimum drywall thickness 
specified. 

9. In areas having gypsum board ceilings and walls, install ceiling first. 

10. Bring boards into contact, but do not force into place. 

11. Fit neatly and carefully. 

12. Stagger edge joints on opposite side of a partition so they occur on different 
framing members. 

13. Hold board in firm contact with support while fasteners are being driven. 

14. Proceed with attachment from center of board toward ends and edges. 

15. Scribe board prior to cutting. 

16. Where sound-rated walls are indicated on Drawings, verify that sound 
insulation has been installed in walls.  

17. Where gypsum board abuts concrete, masonry, metal deck, exterior doors 
and windows, or other dissimilar material; provide 3/8 IN joint between edge 
of gypsum board and abutting material. 

a. Provide continuous casing bead trim on edge of board. 

b. Seal joint with sealant and backer rod. 

c. See Specification Section 07 92 00 for sealant. 

18. Use water-resistant gypsum board (WRGB) in wet locations not scheduled 
to receive tile finish or abuse resistant panels (ARP). 

19. Use Cement Backer Board in wet locations scheduled to receive tile finish. 

a. Install in accordance with ANSI A108.11 and manufacturer's 
recommendations. 
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b. Use in areas where ceramic, porcelain, or quarry tile is scheduled. 

B. Provide Abuse Installation: 

1. Set fasteners between 3/8 and 1/2 IN from edges and 2 IN in from board 
corner. 

a. Space maximum of 12 IN on center at edges and in field of board. 

b. Where board butts at wall/ceiling juncture, hold fasteners back 6 IN from 
edges. 

c. Space fasteners closer if required by UL. 

2. Where two layers of gypsum board are required: 

a. Base layer:  Install per single layer system procedures. 

b. Finish layer:  Install per single layer system but stagger joints not less 
than one (1) support from the base layer. 

3. Install fasteners, in gypsum board, so that head rests in a slight dimple 
without cutting face paper or fracturing core or as recommended by 
board/panel manufacturer. 

4. Install screws, in cement backer board, flush with board surface. 

a. Do not countersink screws. 

C. Control Joints: 

1. Install prefabricated control joints to provide following maximum unjointed 
lengths or areas: 

a. Partitions:  30 FT, maximum straight run, and at lock side of jamb from 
head of each door opening to top of partition. 

b. Ceilings:   

1) 50 FT maximum in one (1) direction,  

2) At change of direction or irregular shapes. 

3) Ceiling area:  2500 SQFT, maximum. 

2. Where control or expansion joints occur in fire or sound rated assemblies, 
install suitable backing material to maintain required rating. 

3. Where a partition or ceiling abuts a structural element or dissimilar wall or 
ceiling, install corner bead, casing bead or other trim as required. 

D. Board Finishing: 

1. Securely attach continuous corner beads to all external corners in 
accordance with manufacturer's recommendations. 

2. Provide the following minimum levels of gypsum board finish in accordance 
with GA-214. 

a. Areas exposed to view: 

1) Surfaces to receive vinyl wall covering:  Level #4. 

2) Surfaces to receive painted finish:  Level #5. 



WHCRWA 

GYPSUM BOARD CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
GYPSUM BOARD 
09 29 00 - 7 OF 8 

b. Areas not exposed to view: 

1) Fire rated partitions:  Level #2 unless a higher grade of finish is 
required by UL. 

2) Non-fire rated partitions:  Level #2. 

c. Provide additional coats of joint compound as required to completely 
conceal joints, fasteners and accessories. 

1) Joint photographing will not be acceptable. 

3. Sand each coat to remove excess joint compound. 

a. Avoid roughing paper facing on board. 

4. Finish surface shall be smooth and free of tool marks and ridges. 

5. Prime gypsum board surfaces in accordance with Specification Section09 
91 10. 

a. After primer has been applied, inspect surfaces and repair and refinish 
all areas which show defects. 

6. Refer to ASTM C840 for additional finishing requirements. 

 

 

END OF SECTION
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SECTION 09 30 00 

TILING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Furnish labor, materials, tools, equipment, and services for Tile, as indicated, in 
accordance with provisions of Contract Documents. 

B. Completely coordinate with work of other trades. 

1.2 QUALITY ASSURANCE 

A. Manufacturer Qualifications: 

1. Minimum ten (10) years of experience in manufacture of tile, setting and 
grout materials. 

B. Installer Qualifications:   

1. Specializing in tile work having minimum of five (5) years successful 
documented experience with work comparable to that required for this 
Project. 

C. Single Source Responsibility: 

1. Obtain each type and color tile material required from single source. 

2. Provide compatible materials for tile system. 

D. Certifications: 

1. Submit Master Grade Certificate for each type of ceramic, quarry, and paver 
tile in accordance with requirements of ANSI A137.1. 

2. Submit manufacturer's certifications that mortars, adhesives, and grouts are 
suitable for intended use. 

E. Tile Council of North America (TCNA): 

1. Handbook for Ceramic, Glass and Stone Tile Installation, latest edition. 

F. Ceramic Tile Institute of America (CTIOA). 

A. ASTM International (ASTM): 

1. ASTM C373 Standard Test Methods for Determination of Water Absorption 
and Associated Properties by Vacuum Method for Pressed Ceramic Tiles 
and Glass Tiles and Boil Method for Extruded Ceramic Tiles and Non-tile 
Fired Ceramic Whiteware Products   

2. ASTM C485 Standard Test Method for Measuring Warpage of Ceramic Tile 

3. ASTM C623 Standard Test Method for Young’s Modulus, Shear Modulus, 
and Poisson’s Ratio for Glass and Glass-Ceramics by Resonance. 
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4. ASTM C627 Standard Test Method for Evaluating Ceramic Floor Tile 
Installation Systems Using Robinson-Type Floor Tester 

5. ASTM C630 Standard Test Method for Resistance of Ceramic Tile to 
Chemical Substances 

6. ASTM C648 Standard Test Method for Breaking Strength of Ceramic Tile 

7. ASTM C1026 Standard Test Method for Measuring the Resistance of 
Ceramic and Glass Tile to Freeze-Thaw Cycling 

8. ASTM C1027 Standard Test Method for Determining Visible Abrasion 
Resistance of Glazed Ceramic Tile 

9. ASTM C1378 Standard Test Method for Determination of Resistance to 
Staining 

10. ASTM E90 Standard Test Method for Laboratory Measurement of Airborne 
Sound Transmission Loss of Building Partitions and Elements 

11. ASTM E413 Classification for Rating Sound Insulation Class 

12. ASTM E492 Standard Test Method for Laboratory Measurement of Impact 
Sound Transmission Through Floor-Ceiling Assemblies Using the Tapping 
Machine 

13. ASTM E989 Standard Classification for Determination of Single-Number 
Metrics for Impact Noise 

B. American National Standards Institute (ANSI): 

1. ANSI A108.5 Installation of Ceramic tile with Dry-Set Portland Cement or 
Latex-Portland Cement. 

2. ANSI A108.10 Installation of Grout in Tilework. 

3. ANSI A108.13 Installation of Membranes for Thin-Set Ceramic Tile. 

4. ANSI A108.17 Installation of Crack Isolation Membranes for Thin-set 
Ceramic Tile and Dimension Stone. 

5. ANSI A118.1 Standard Dry-Set Cement Mortars. 

6. ANSI A118.3 Chemical Resistant, Water-Cleanable, Tile-Setting and-
Grouting Epoxy and Water-Cleanable Tile-Setting Epoxy Adhesive. 

7. ANSI A118.4 Modified Dry-Set Cement Mortar. 

8. ANSI A118.7 High Performance Cement Grouts. 

9. ANSI A118.10 Load-Bearing, Bonded Waterproofing Membranes for Thin-
Set Ceramic Tile and Dimension Stone Installation. 

10. ANSI A118.12 Crack Isolation Membranes for Thin-set Ceramic Tile and 
Dimension Stone Installation. 

11. ANSI A118.15 Improved Modified Dry-Set Cement Mortars. 

12. ANSI A136.1 Organic Adhesives for Installation of Ceramic Tile. 
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13. ANSI A137.1 Standard Specification for Ceramic Tile. 

14. ANSI A137.3 Standard Specification for Gauged Porcelain Tiles and 
Gauged Porcelain Tile Panels/Slabs. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. Indicate tile layout, patterns, color arrangement, perimeter conditions, 
junctions with dissimilar materials, movement joints, thresholds, ceramic 
accessories, and setting methods and details. 

B. Samples:   

1. Three full size samples of each tile specified in Drawings . 

2. Grout:  Submit manufacturer's full range of standard and designated color 
samples for each type for Architect's selection. 

3. Grout:  Submit samples mounted in 6 IN long metal channels for each type 
and color specified. 

C. Project Information: 

1. Installation methods. 

2. Manufacturer's Certificate:  For each shipment, type and composition of tile 
provide a Master Grade Certificate signed by manufacturer and installer 
certifying products meet or exceed specified requirements of ANSI A137.1-
2012. 

D. Contract Closeout Information: 

1. Maintenance Data: 

a. Include recommended cleaning methods, cleaning materials, stain 
removal methods, and polishes and waxes.  

b. See Section 01 78 23. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Ceramic Tile: 

1. Basis of Design: 

a. As indicated on drawing color/finish schedule. 

B. Porcelain Tile: 

1. Basis of Design: 

a. As indicated on drawing color/finish schedule. 

C. Accessories: 

1. Base: 
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a. Schluter Systems LP. 

2. Option: 

a. Custom Building Products. 

D. Other manufacturers desiring approval comply with Section 01 25 13. 

2.2 DESIGN CRITERIA 

A. Tile: 

1. Ceramic Tile:  Comply with ANSI A137.1 American National Standard 
Specifications for Ceramic Tile for types, compositions, and grades of tile 
indicated. 

2. Porcelain Tile:  Comply with ANSI A137.3 American National Tile Standard 
Specifications for Gauged Porcelain Tiles and Gauged Porcelain Tile 
Panels/Slabs for types, compositions, and grades of tile indicated. 

3. Furnish tile complying with Standard Grade requirements unless otherwise 
indicated. 

4. ANSI Standard for Tile Installation Materials:  Comply with ANSI standard 
referenced with products and materials indicated for setting and grouting. 

B. Colors, Textures, and Patterns: 

1. Where manufacturer's standard products are indicated for tile, grout, and 
other products requiring selection of colors, surface textures, patterns, and 
other appearance characteristics, provide specific products or materials 
complying with following requirements: 

a. Match Architect's sample. 

C. Factory Mounting: 

1. Provide back face or edge mounted tile assemblies as standard with 
manufacturer unless another mounting method is indicated. 

2. Do not use back mounted or edge mounted tile assemblies for swimming 
pools, exterior applications or wet areas. 

2.3 MATERIALS 

A. Ceramic Wall Tile: 

1. Grade:  ANSI A137.1; 5.0 to 10.0 PCT water absorption. 

2. Size:  See color/finish schedule on drawings. 

3. Edge:  Cushioned. 

4. Finish:  Matte. 

5. Color:  See color/finish schedule on drawings. 

6. Base:  Aluminum corner joints as specified. 

B. Porcelain Panels: 
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a. Basis of Design:  Crossville porcelain tile panels. 

2. Sintered compact based, impervious unglazed ceramic, through body color. 

3. Water absorption: 

a. Less than 0.1 PCT maximum, per ISO 10545-3. 

4. Thickness: 

a. Nominal:  5.6 MM 

5. Panel Size: 

a.  1000 MM x 3000 MM 

b. Nominal:  3 FT x 10 FT. 

c.  60 IN x 125 IN. 

d. Refer to drawings for color/finish schedule. 

6. Anti-slip property per DIN 51330: 

a. R9. 

7. Static friction coefficient per ASTM C1028: 

a. Dry:  0.76 – 0.94. 

b. Wet:  0.43 – 0.67. 

C. Lobby Accent Wall Tile 

1. Basis of Design:  Crossville Island Stone, natural stone strip cladding. 

2. See Color/Finish Schedule on drawings. 

D. Trim: 

1. Provide necessary caps, stops, returns, trimmers and other shapes to 
complete installation. 

2. Color and finish to match adjacent tile unless shown otherwise. 

3. Ceramic Trim: 

a. Straight Base:  Bullnose top edge.  Align joints and set on top of floor tile. 

b. Cove Base:  Bullnose top edge.  Align joints and set flush with floor tile. 

c. Cove Base:  Square top edge.  Align joints and set flush with floor tile. 

E. Mortar, Grout, and Adhesive Manufacturer: 

1. Setting materials:  As required by installation Method, See Part 3. 

F. Mortar – Thick Set 

1. Portland Cement Mortar with Latex Additive: 

a. Portland Cement:  ASTM C150, Type I, from one source only, non-
staining and non-air-entraining. 

b. Supplemental cementitious materials derived from coal fired power plant 
wastes shall not have a mercury content >5.5ppb. 

c. Fly ash shall not be a byproduct of municipal solid waste incinerators 
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d. Mortar Sand:  ASTM C144, free of deleterious materials, well graded. 

e. Setting Bed Sand:  ASTM C136, 100 PCT passing No. 4 sieve. 

f. Latex Additive: 

1) Description:  Latex additive serving as replacement for gaging water, 
for use with site mixed portland cement mortar. 

2) Quantity:  As recommended by latex additive manufacturer to 
produce workable consistency. 

3) Acceptable Products: 

a) CustomFloat Bedding Mortar by Custom Building Products. 

b) 3701 Mortar Admix by Laticrete. 

c) Planicrete AC by Mapei. 

G. Mortar – Thin Set: 

1. Portland Cement with Latex Additive: 

a. Latex additive and site mixed Cement mortar.  

b. Comply with ANSI-A118.4. 

c. Acceptable Products: 

1) CustomCrete Latex Mortar Admix with site mixed mortar by Custom 
Building Products. 

2) Planicrete AC with 4:1 Mud Bed Mix by Mapei. 

H. Epoxy Adhesive: 

1. Multi-component, factory prepared, 100 PCT epoxy resin and hardener with 
sand or mineral filler material. 

2. Comply with ANSI A118.3 for thin-set applications for chemical resistant, 
water cleanable quarry tile installations. 

3. Acceptable Products: 

a. Kerapoxy 410 by Mapei.  

I. Latex Modified Grout: 

1. Description:  Latex-modified, factory blended, mildew resistant, sanded, 
grout consisting of cement, graded quartz and additives; comply with ANSI 
A118.7. 

2. Latex Additive:  Type as recommended by latex mortar manufacturer. 

3. Acceptable Products: 

a. Polyblend Sanded Tile Grout by Custom Building Products. 

b. Satillo Grout Mix with Acrylic Mortar Admix 1:1 with water by Custom 
Building Products. 

c. 500 Series Sanded Grout Mixed with 1776 Grout Admix Plus by 
Laticrete. 
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d. Ultracolor Plus FA polymer-modified sanded grout by Mapei. 

J. Unsanded Latex Modified Grout for Wall Tile: 

1. Description:  Latex-modified, factory blended, mildew resistant, non-sanded, 
grout consisting of cement and additives; comply with ANSI A118.6. 

2. Latex Additive:  Type as recommended by latex mortar manufacturer. 

3. Color:  To be selected. 

4. Acceptable Products: 

a. Polyblend Non-Sanded Tile Grout by Custom Building Products. 

b. White Dry Tile Grout by Custom Building Products. 

c. 644 White Dry-Set Grout mixed with 17765 Grout Admix Plus by 
Laticrete. 

d. 1600 Series Tri-Poly Fortified Non Sanded Grout by Laticrete. 

e. Keracolor U polymer-modified unsanded grout by Mapei. 

K. Unsanded Urethane Grout: 

1. Description:  Pre-mixed non-cementitious urethane , factory blended, 
antimicrobial, mildew resistant, non-sanded, grout; complying with ANSI 
A118.3-UG.. 

2. Color:  To be selected. 

3. Acceptable Products: 

a. QuartzLock2 by Bostik. 

b. Flexcolor CQ (acrylic-based) by Mapei. 

L.  Polymer Modified Sanded Grout: 

1. Compressive Strength:  3000 PSI  at 24 HRS. 

2. Color:  To be selected 

3. Acceptable Products: 

a. Polyblend Sanded Tile Grout by Custom Building Products. 

b. 1500 Series Tri-Poly Fortified Sanded Grout by Laticrete. 

c. Ultracolor Plus FA by Mapei. 

M. Waterproofing Membrane: 

1. Description:  Trowel applied elastomeric compound. 

2. Acceptable Products:   

a. Mapelastic 315 by Mapei. 

3. Accessories: 

a. Preformed fiberglass mesh coving, inside and outside corners, and drain 
fittings. 

b. Preformed expansion joint flashing. 
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N. Crack Isolation Membrane: 

1. Description:  Trowel applied elastomeric compound. 

2. Acceptable Products: 

a. Mapelastic 315 by Mapei. 

3. Refer to Specification Section 09 29 00. 

O. Accessories: 

1. Fasteners:  Corrosion resistant type required by board manufacturer for 
securing units. 

2. Joint Reinforcement Tape:  As recommended by board manufacturer. 

P. Reinforcing Mesh:   

1. Size:  2 IN x 2 IN  weave of 16/16 wire size. 

2. Fabric:  Welded, galvanized. 

Q. Joint Sealant:   

1. Two component polyurethane sealant, ASTM C920, Type M, self-leveling, 
for horizontal joints, Type II, non-sag, for vertical joints as specified in 
Section 07 92 00. 

2. Color:  Match grout. 

3. Sealant:   

a. Chemically compatible with tile, mortar, and grout. 

b. Physically and chemically capable to withstand local environmental 
conditions. 

R. Joint Backing: 

1. Closed cell foam polyethylene. 

S. Prefabricated Sealant Joint: 

1. Prefabricated aluminum joint with two part, chemically curing non-sag 
polyurethane sealant. 

2. Height as required by tile by 8 FT lengths. 

3. Aluminum:  Clear anodized. 

4. Sealant:  Match grout. 

5. PolyBlend Ceramic Tile Caulk by Custom Building Products or Mapesil T by 
Mapei. 

T. Corner Joints:   

1. Extruded rigid coved wall/floor corner, with integral perforated anchoring  
legs. 

2. Floor leg height:  As required to suit application. 



WHCRWA 

TILING CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
TILING 

09 30 00 - 9 OF 14 

3. Wall leg height:  As required to suit application. 

4. Material:  Aluminum. 

5. Schlüter - DILEX-HK 

U. Setting Buttons:   

1. Plastic buttons of thickness required for joint size indicated to maintain 
uniform joint width. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Comply with requirements of referenced standards and recommendations of 
material manufacturers for environmental conditions before, during, and after 
installation. 

B. Verify concrete floor surfaces are suitable for tile installation. 

1. Firm, dry, clean and free of oily or waxy films, mortar and soil. 

2. Grounds, anchors, plugs, hangers, bucks, electrical and mechanical work in 
or behind tile installed. 

3. Coordinate installation with requirements of Concrete Floor Moisture 
Testing, and Water Vapor Emission Control per manufacturer’s published 
requirements. 

4. Verify limits of moisture and alkalinity are within levels tolerated by Tile 
manufacturer and setting materials manufacturer. 

5. Verify areas to receive tile installed by thin bed method have wood float 
finish, are true within 1/4 IN in 10 FT and are pitched to drains where 
required. 

C. Correct unsatisfactory conditions and proceed with installation only after 
substrate deficiencies have been corrected and surfaces are acceptable. 

D. Start of work constitutes acceptance of surfaces, and waiver of claim that 
surfaces are unsuitable. 

3.2 PREPARATION 

A. Prepare surfaces in accordance with manufacturers’  instructions for setting 
materials or additives used. 

B. Acid based cleaners are not permitted. 

C. Completely remove curing compounds or other substances that would interfere 
with proper bond of setting materials. 

D. Do not seal substrate unless required by manufacturer. 

E. Prime substrate when required by manufacturer. 

F. Factory Blending:   



TILING 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
TILING 

09 30 00 - 10 OF 14 

1. Blend tile in factory and package accordingly so tile are uniform in color 
range as those throughout packaging and match approved samples. 

2. If not factory blended, return to manufacturer or blend tiles at project site 
before installing. 

3.3 INSTALLATION 

A. Tile Backer Board: 

1. Refer to Specification Section 09 29 00. 

2. Place and fasten with galvanized or resin coated gypsum board screws at 8 
IN  OC in field of panel and 6 IN  OC at edges. 

3. Provide 1/4 IN  gap above floor or fixture lip for installation of flexible calking. 

4. Maintain manufacturer's required space between board edges. 

5. Fill joints by applying tile setting material and joint reinforcement. 

6. Vapor Retarder (provide at showers): 

a. Extend vapor retarder to extremities of areas indicated to be protected 
from vapor transmission. 

b. Secure in place with mechanical fasteners or adhesives. 

c. Extend vapor retarder to cover miscellaneous voids in insulated 
substrates, including those filled with loose mineral-fiber insulation. 

d. Seal vertical joints in vapor retarders over framing by lapping not less 
than two wall studs. 

e. Fasten vapor retarders to framing at top, end, and bottom edges, 
perimeter of wall openings, and lap joints; space fasteners no greater 
than 16 IN  apart. 

f. Seal joints in vapor retarders caused by pipes, conduits, electrical boxes 
and similar items penetrating vapor retarders with vapor retarder tape. 

g. Repair tears and punctures in vapor retarder immediately before 
installation of cementitious backer units. 

B. Membrane: 

1. Install membrane with products or methods approved in writing by 
membrane manufacturer. 

2. Flash membrane to cure prior to setting tile. 

3. Do not allow construction traffic on membrane. 

C. Waterproofing: 

1. Install waterproofing in accordance with manufacturer's instructions. 

2. Return waterproofing vertically at adjacent walls in accordance with 
manufacturer details, to minimum height of 4 IN . 

3. Flood test waterproof membranes after fully cured. 
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4. Field Quality Control water test when required. 

D. Tile Installation, General: 

1. Install tile and porcelain panel materials in accordance with applicable ANSI 
A137.1-2012, ANSI A137.2, ANSI and TCNA specifications, and TCNA 
Handbook for Ceramic Tile Installation, with exception of more stringent 
requirements of manufacturer or these Specifications. 

2. Cut and fit tile tight to penetrations, protrusions and vertical interruptions and 
seal. 

a. See Section 07 92 00.  

3. Form corners and bases neatly. 

4. Install ceramic cove base in accordance with TCNA “Flush” style. 

a. TCNA “Thin-Lip” style installation is not allowed. 

5. Work tile joints uniform in width, subject to variance in tolerance allowed in 
tile size. 

6. Ensure nominal grout centerlines are straight. 

7. Make joint watertight, without voids, cracks, excess mortar, or grout. 

8. Prepare surface, fit, set, bond, grout and clean in accordance with 
applicable requirements of ANSI standards and Tile Council of North 
America. 

a. Floors 

1) Thick bed on interior slabs on grade:  TCNA F112. 

2) Thick bed on interior elevated slabs in wet rooms:  TCNA F 121. 

3) Thick bed on interior elevated slabs in dry rooms:  TCNA F111. 

4) Thick bed where epoxy grout is indicated:  TCNA F114. 

b. Walls: 

1) Thick set on Gypsum Board:  TCNA W222. 

2) Thick set on Masonry:  TCNA W222. 

3) Thick set directly on Studs:  TCNA W241. 

c. Showers:  TCNA B414. 

9. Where accent tiles are of a lesser thickness than surrounding field tiles, 
increase bedding thickness as required to achieve flush alignment between 
finished faces of accent tiles and adjacent field tiles. 

E. Layout: 

1. Lay out work to pattern indicated so full tile or joint is centered on each wall. 

a. Lay out tile to minimize cutting and to avoid tile less than half size. 

2. Continue pattern through openings. 
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3. For heights stated in feet and inches, use courses of full tile to produce 
nearest attainable heights without cutting tile. 

4. Align joints in tile in both directions. 

5. Align joints between wall, floor and base tile. 

6. Make joints between sheets of tile same width as joints within sheet. 

7. File edges of cut tile smooth and even. 

8. Cut and fit tile at penetrations through tile.   

9. Grind edges of tile abutting built-in items. 

10. Fit tile at outlets, piping and other penetrations so plates, collars, or covers 
overlap tile. 

11. Extend tile work into recesses and under or behind equipment and fixtures, 
to form complete covering without interruption, except as otherwise 
indicated. 

12. Accurately form intersections and returns. 

13. Form internal corners and external corners square. 

F.  Thin Set Method, Floors and Walls: 

1. Apply mortar or adhesive with notched trowel using scraping motion to work 
material into contact with surface to be covered.   

a. Maintain 90 PCT coverage on back of tile and fully bed corners. 

2. Apply only as much mortar or adhesive as can be covered within time 
recommended by mortar or adhesive manufacturer. 

3. When installing large tiles, ceramics or mosaics, trowel small quantity of 
mortar or adhesive onto back of each tile or sheet of tiles. 

4. Set tiles in place and level surface of tile. 

5. Align tile to show uniform joints and set until firm. 

6. Clean excess mortar or adhesive from surface of tile while mortar is fresh. 

7. Sound tile after setting.  Replace hollow sounding tiles. 

G. Grouting: 

1. Allow tiles to set before grouting. 

2. Install in accordance with grout manufacturer's recommendations and ANSI 
A108.10. 

3. Clean excess grout from surface as work progresses. 

4. Cure after grouting by covering with kraft or construction paper for 72 HRS. 

5. Install sealant in vertical wall joints at interior corners. 

H. Movement Joints: 
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1. Comply with TCNA EJ171. 

2. Coordinate with Drawings.  

3. Locate movement joints where indicated. 

4. Where not indicated, locate movement joints directly over following 
substrate conditions: 

a. Changes in substrate material. 

b. Over control joints, expansion joints and seismic joints in substrate. 

c. Over construction joints in substrate. 

d. At junctures where floors meet walls and other restraining elements such 
as curbs, columns, bases, and wall corners. 

e. At other locations recommended by TCNA EJ171 Movement Joint 
requirements. 

5. Locate additional movement joints per following: 

a. Exterior:  12 FT . 

b. Interior:  25 FT . 

c. Interior, where exposed to direct sunlight or moisture:  12 FT . 

6. Joint Width:  In accordance with TCNA EJ171. 

7. Rake or cut control joints through setting bed to supporting slab or structure.   

8. Maintain joints free of mortar. 

9. Fill joints with self-leveling polyurethane sealant and backing material. 

a. See Section 07 92 00. 

10. Provide sealant material at items penetrating tile work, unless otherwise 
indicated. 

11. Apply sealant to junction of tile and dissimilar materials and junction of 
dissimilar planes. 

a. Seal tile to outlets, piping and other penetrations. 

12. Fill joints around water closets with white silicone sealant.   

a. See Section 07 92 00. 

13. Use manufacturer’s expansion joint flashing when covering expansion joints 
with waterproof or crack isolation membranes. 

3.4 CLEANING 

A. Perform cleaning while mortar is fresh before hardening on surfaces. 

B. Wash tile diagonally across joints. 

C. Polish with clean dry cloth. 

D. Remove grout haze following recommendation of mortar additive manufacturer.  
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E. Remove residual waxes or grout release agent, temporary protective coatings, 
by method recommended by coating manufacturer. 

1. Confirm acceptability with brick and grout manufacturer. 

2. Trap and remove coating to prevent it from clogging floor drains. 

3.5 PROTECTION AND REPAIR 

A. Prohibit traffic on floor finish for 72 HRS after installation. 

B. Where temporary use of new floors is unavoidable, supply large, flat boards or 
plywood panels for walkways over kraft paper. 

C. Replace broken, cracked, chipped, stained, or damaged tile. 

 

END OF SECTION 
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SECTION 09 51 00 

ACOUSTICAL CEILINGS (ACT) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Furnish labor, materials, tools, equipment, and services for Acoustical 
Ceiling Systems (ACT) in accordance with provisions of Contract 
Documents. 

B. Completely coordinate with work of other trades. 

1.2 QUALITY ASSURANCE 

A. ASTM International (ASTM): 

1. ASTM A641/A641M Standard Specification for Zinc-Coated 
(Galvanized) Carbon Steel Wire. 

2. ASTM B633Standard Specification for Electrodeposited Coatings of 
Zinc on Iron and Steel 

3. ASTM C635/C635M Standard Specification for the Manufacture, 
Performance, and Testing of Metal Suspension Systems for 
Acoustical Tile and Lay-In Panels Ceilings. 

4. ASTM C636/C636M Standard Specification for Installation of Metal 
Ceiling Suspension Systems for Acoustical Tile and Lay-In Panels. 

5. ASTM E488/E488M Standard Test Methods for Strength of Anchors 
in Concrete Elements. 

6. ASTM E580/E580M Standard Practice for Installation of Ceiling 
Suspension Systems for Acoustical Tile and Lay-in Panels in Areas 
Subject to Earthquake Ground Motions 

7. ASTM E1190 Standard Test Methods for Strength of Power-Actuated 
Fasteners Installed in Structural Members 

B. Site Classification and Seismic Design Categories as defined in the 
International Building Code. 

1.3 SUBMITTALS 

A. Product Data: 

1. Manufacturer’s product data that products comply with acoustical 
properties indicated on Drawings. 

B. Samples: 

1. Three samples of each type of tile listed in Drawings. 

C. Contract Closeout Information: 



ACOUSTICAL CEILINGS (ACT) 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
ACOUSTICAL CEILINGS (ACT) 

09 51 00 - 2 OF 6 

1. Maintenance data. 

a. See Section 01 78 23. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Steel Suspension Systems: 

1. Base: 

a. Armstrong World Industries. 

2. Optional: 

a. USG Corporation 

b. Rockfon 

B. Other manufacturers desiring approval comply with Section 01 25 13. 

2.2 MATERIALS 

A. Acoustic Suspension Systems: 

1. Heavy duty systems, ASTM C635. 

2. Main runner jointing by spliced, interlocking ends, tab locks, pin locks, 
or other suitable connections. 

3. Cross runners interlocking with main runners. 

4. Include components and accessories necessary resist seismic loads 
and dead loads of items such as light fixtures and air diffusers. 

5. Hanger Wire:   

a. Pre-stretched, with a yield stress load of at least 5 times design 
load, but not less than 0.106 IN (12 GA) 2.7 MM. 

b. Utilize continuous lengths, without kinks and splices. 

c. Galvanized Steel: 

1) Galvanized, soft annealed steel wire conforming to ASTM 
A641/A641m. 

6. Attachment Devices:   

a. Anchors in Concrete: 

1) Anchors of type and material indicated below, with holes or 
loops for attaching hangers of type indicated and with 
capability to sustain, without failure, a load equal to 5 times 
that imposed by ceiling construction, as determined by testing 
per ASTM E488/A488M or ASTM E1512. 

2) Acceptable types:  Cast-in-place, post-installed expansion 
anchors and post-installed bonded anchors. 



WHCRWA 

ACOUSTICAL CEILINGS (ACT) CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
ACOUSTICAL CEILINGS (ACT) 

09 51 00 - 3 OF 6 

3) Material:  Carbon-steel components zinc plated to comply with 
ASTM B633, Class Fe/Zn 5 for Class SC 1 service condition. 

b. Power-Actuated Fasteners in Concrete: 

1) Fastener system of type suitable for application indicated, 
fabricated from corrosion-resistant materials, with clips or other 
accessory devices for attaching hangers of type indicated, and 
with capability to sustain, without failure, a load equal to 10 
times that imposed by ceiling construction, as determined by 
testing per ASTM E1190. 

7. Suspension System Types: 

a. GR-1:  Exposed grid, non-rated: 

1) Description:  Galvanized, double web steel, main and cross 
runners. 

2) Face width:  15/16 IN 24 MM. 

3) Base Product:   

a) Prelude XL, by Armstrong. 

4) Finish on exposed surfaces:  Smooth, flat white. 

8. Fiberglass Ceiling Panel: 

a. Basis of Design: 

1) Optima by Armstrong. 

b. Surface Texture:  Smooth. 

c. Surface Finish:  Factory applied acrylic latex paint 

d. Light Reflectance (LR):  ASTM E 1477; White Panel:  Light 
Reflectance:  0.90.  

e. Noise Reduction Coefficient (NRC):  0.90. 

f. Lay-in style:  Minimum 1 IN 25 MM thick. 

g. Size:  24 IN x 24 IN. 

h. Edge:  Square Tegular 15/16 IN. 

i. Location:  Install in Boardroom 102. 

9. Mineral Fiber Composite, Ceiling Panel: 

a. Basis of Design: 

1) Armstrong Fine Fissured. 

b. Factory applied plastic paint. 

c. Non-perforated.  

d. Light reflectance:  Not less than 0.85. 

e. Noise reduction coefficient: 

1) Fissured:  Not less than 0.70. 

2) Plain:  None required. 

f. Size:  24 IN x 24 IN 
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g. Lay-in style:  Minimum 15/16 IN 16 MM thick. 

h. Location:  All other rooms scheduled for suspended acoustical 
ceilings except for Boardroom 102. 

B. Diffusers and Grilles: 

1. See applicable specification. 

C. Light Fixtures: 

1. See applicable specification. 

PART 3 - EXECUTION 

3.1 INSPECTION 

A. Verify suitability of substrate to accept installation. 

B. Examine installation site for irregularities having effect on quality and 
execution of work.  

C. Consult other trades involved before start of ceiling work, to determine 
areas of potential interference 

D. Do not start installation until interferences have been resolved. 

E. Installation constitutes acceptance of responsibility for performance.  

3.2 PREPARATION 

A. Coordinate ceiling layout with sprinkler head spacing and work 
penetrating acoustical ceiling systems. 

B. Tolerances: 

1. Comply with ASTM C635/C635M Standard Specification for the 
Manufacture, Performance, and Testing of Metal Suspension 
Systems for Acoustical Tile and Lay-in Panel Ceilings. 

2. Deviation from level plane:  1/8 IN in 10 FT 3 MM in 3 M with no load 
applied maximum. 

3. Bow:  1/32 IN in 2 FT 0.8 MM in 610 MM maximum. 

4. Camber:  1/32 IN in 2 FT 0.8 MM in 610 MM maximum. 

5. Twist:  1 degree in 2 FT 1 degree in 610 MM maximum. 

3.3 INSTALLATION 

A. Suspension System: 

1. Install suspension system in accordance with manufacturers' 
instructions. 

2. Grid layout: 

a. See Reflected Ceiling Plans. 
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b. Install grid based on electrical lighting fixture layout indicated in 
Electrical Drawings, unless otherwise indicated, 

c. Acoustical panel dimension at perimeter walls:  Not less than 6 IN 
150 MM. 

d. In case of conflict notify Architect. 

3. Install grid square with room and with grid or acoustical panel center 
lines coinciding with center lines of room, each direction. 

4. Intersections between main tees and cross tees: 

a. Butt cut and notch as required. 

5. Wall angles: 

a. Install wall angles or moldings where ceilings meet walls, 
partitions, vertical elements, and other types of ceilings or ceiling 
fixtures. 

1) Secure angles to wall construction at stud locations. 

a) Maximum spacing from terminal ends:  3 IN 76 MM. 

b) Draw fasteners tight against vertical surfaces. 

2) Level tolerance:  not more than 1 IN 1000. 

3) Miter cut inside and outside corners. 

4) Install with leg supporting bottom flange of runners. 

6. Hanger wires: 

a. Provide hangers and inserts necessary to support ceiling 
suspension systems and ceiling dead loads. 

b. Coordinate location and alignment with work of other trades. 

c. Install hanger wires plumb to main tees and cross tees. 

1) Do not suspend any part of suspension system from ducts, 
pipes, conduit, cable tray or equipment. 

2) Provide supplementary rough suspension system where 
necessary to support ceilings beneath pipes, ducts, 
equipment, cable trays. 

3) Splay hangers no greater than 30 DEG from vertical to avoid 
obstructions or other conditions that prevent plumb, vertical 
installation. 

4) Offset horizontal forces by bracing or counter-splaying. 

d. Space hangers to prevent eccentric deflection and rotation due to 
loads from items in or on ceiling 

1) Provide supplemental hangers to support lighting fixtures and 
within 6 IN 150 MM from end of main runners and fixtures 
which exceed manufacturer’s published load data.  

2) Do not bear runners on walls or partitions. 

7. Main runners: 
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a. Utilize wall angles to align and receive terminal ends of main tees 
without transferring load to wall angle. 

b. Space main tees as indicated to receive lay-in panels and fixtures. 

c. Support terminal ends of main tees by wires located within 6 IN 
150 MM from boundary walls.  

8. Cross runners: 

a. Space cross tees as indicated to receive lay-in panels and 
fixtures. 

1) Install cross runners with positive interlock.   

b. Utilize wall angles to align and receive terminal ends of cross tees 
without transferring load to wall angle. 

c. Support terminal ends of cross tees by wires located within 6 IN 
150 MM from boundary walls.  

9. Leave suspension system ready to accept installation of acoustic 
materials. 

B. Lay-In Items: 

1. Install acoustic materials in accordance with manufacturer's 
instructions. 

2. Place lay-in panels, fixtures, diffusers, grilles, and similar items in 
manner not compromising suspension system performance. 

3. Field cut materials to fit grid. 

4. Tegular and similar tiles with articulated edges: 

a. Cut edges to match profile of factory edges and paint to match. 

5. Ceiling paint: 

a. Touch-up minor surface scratches and blemishes. 

b. Cover field cut edges exposed to view. 

c. Armstrong SuperCoat Ceiling Panel Touch-up Paint. 

3.4 CLEANING AND REPAIR 

A. Perform cleaning of soiled units and replacement of defective or 
damaged units. 

END OF SECTION 
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SECTION 09 65 00 

LUXURY VINYL TILE AND RESILIENT BASE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Luxury vinyl tile (LVT). 

2. Resilient base (RB). 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Americans with Disabilities Act (ADA): 

a. Accessibility Guidelines for Buildings and Facilities (ADAAG). 

2. ASTM International (ASTM): 

a. E648, Standard Test Method for Critical Radiant Flux of Floor-Covering 
Systems Using a Radiant Heat Energy Source. 

b. F710, Standard Practice for Preparing Concrete Floors to Receive 
Resilient Flooring. 

c. F1861, Standard Specification for Resilient Wall Base. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Recommendations on adhesives, primers and leveling and patching 
compounds. 

B. Samples: 

1. Full range of colors and patterns for Engineer's color selection of each 
component specified. 

C. Contract Closeout Information: 
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1. Operation and Maintenance Data: 

a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Luxury vinyl tile (LVT): 

a. Basis of Design:  Patcraft. 

b. Optional:  Tarkett Inc. 

2. Resilient base: 

a. Armstrong. 

b. Burke Flooring. 

c. Flexco. 

d. Johnsonite. 

e. Roppe. 

f. VPI. 

3. Edging strips, reducers and joiners: 

a. Burke Flooring. 

b. Flexco. 

c. Johnsonite. 

d. Roppe. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MANUFACTURED UNITS 

A. Luxury Vinyl Tile (LVT): 

1. Basis of Design:  Patcraft Adesa I424V. 

2. Construction:  COREtec commercial multilayer SPC. 

3. Attached Underlayment:  1.5 MM cork. 

4. Wear Layer Thickness:  20 MIL (0.020 IN / 0.5 MM) 

5. Overall Thickness:  0.216 IN (5.5 MM) 

6. Edge Profile:  Mini-micro-beveled edge. 

7. Finish:  ExoGuard™. 

8. Installation:  Four sided locking profile for floating or glue down installation. 
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9. Adhesive:  Per manufacturer’s installation guidelines. 

B. Resilient Base (RB): 

1. Rubber or vinyl, ASTM F1861. 

a. Group 1, solid through-color. 

b. Style B, coved. 

c. 1/8 by 4 IN. 

2. Factory-formed outside corners. 

3. Continuous rolls, minimum 95 FT long. 

4. Refer to drawings color/finish schedule. 

C. Resilient Base at Carpet (RB): 

1. Rubber or vinyl, ASTM F1861. 

a. Group 1, solid through-color. 

b. Style A, straight. 

c. 1/8 by 4 IN, 1/4 IN wide at bottom. 

2. Factory-formed outside corners. 

3. Continuous rolls, minimum 95 FT long. 

4. Refer to drawings color/finish schedule. 

D. Leveling compound as recommended by manufacturer compatible with 
adhesives. 

E. Adhesives and primers as recommended by manufacturer. 

F. Sheet Vinyl Accent Stripes:  1/8 x 1 IN plain color homogeneous vinyl with 
backing. 

G. Edging Strips, Reducers and Joiners: 

1. Thermoplastic vinyl. 

a. ASTM E648, Class 1 Fire Rated. 

2.3 MAINTENANCE MATERIALS 

A. Extra Materials: 

1. Furnish Owner the following extra material: 

a. One (1) carton of each type and color of tile. 

b. Minimum 12 LF of resilient linoleum sheet flooring and enough welding 
rod to install all 12 LF of material. 

c. Remaining portion of one (1) partially used roll of resilient base material 
with a minimum of 10 LF of each height, color and type. 

2. Package and label extra materials to protect material during storage. 



LUXURY VINYL TILE AND RESILIENT BASE 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
LUXURY VINYL TILE AND RESILIENT BASE 

09 65 00 - 4 OF 6 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Prepare surfaces in accordance with manufacturer's recommendations and 
ASTM F710. 

B. Acclimate tile to area in which it is to be installed for minimum 72 HRS at 68 
DEGF prior to installation. 

1. Provide manufacturer's recommended relative humidity levels. 

C. Fill cracks, joints (except specified expansion joints), etc., in floors with a water-
resistant noncrumbling patching and leveling compound. 

1. Trowel level. 

2. Verify moisture content in concrete substrate is within acceptable limits per 
the floor covering manufacturer. 

a. Conduct one (1) test for every 1000 SQFT of flooring per room or area in 
accordance with manufacturer's recommendation. 

b. Provide necessary measures to dry out the substrate in accordance with 
flooring manufacturer's recommendations and retest until acceptable 
moisture levels are obtained. 

D. Where tile flooring abuts other finish flooring materials and finished surfaces do 
not align, install and feather leveling compound for approximately 6 IN so that 
finished surfaces will align. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Floors to be free of all dust, paint, grease, oils, solvents, curing and hardening 
compounds, sealers and any other deleterious material which may affect the 
bonding of the adhesive used to install the floor coverings. 

C. Ensure recommended minimum installation temperatures are maintained 
before, during and after installation as required by the manufacturer. 

D. General: 

1. Apply primer and adhesive as recommended by manufacturer. 

2. Maintain minimum temperature of 68 DEGF for a minimum of 72 HRS prior 
to, during and after installation. 

E. Luxury Vinyl Tile: 

1. Lay in pattern selected by Engineer. 

2. Bond tile to floor, flush, tight, and in true alignment with adjacent tiles and 
with finished surface. 

3. Fit neatly into breaks and recesses, against walls, around pipes, and other 
obstructions. 
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4. Install edging strips where tile edge is exposed or where flooring terminates. 

5. Lay out tile to avoid less than one-half tile at permanent perimeter walls. 

6. Perform any cutting or drilling of tile as required. 

7. Install accent strips in all door openings directly under door when in closed 
position. 

8. Roll entire floor. 

9. Immediately after application and rolling, remove surplus adhesive. 

F. Resilient Base: 

1. Install base after wall material has thoroughly dried out. 

2. Provide base at intersections of floor and all vertical surfaces in areas 
scheduled to receive base, where intersection is exposed to view. 

3. Set base straight and true. 

4. Fit into breaks and recesses. 

5. Provide factory-formed outside corners; miter inside corners. 

a. Make joints tight. 

b. Where door frames are inset in opening, provide factory formed outside 
corner returned to frame; trim flush with face of frame. 

6. Install with top level and bottom edge in firm contact with floor. 

G. Edging Strips, Reducers and Joiners: 

1. Provide edging, reducers and transitions as necessary for terminating 
flooring or transitioning to adjacent flooring materials. 

a. Profiles shall be ADA compliant. 

3.3 CLEANING 

A. Clean floors in accordance with manufacturer's recommendations. 

B. Prior to final acceptance, wash, wax and buff floors. 

1. After thorough cleaning, apply two (2) coats of wax recommended by 
flooring manufacturer. 

2. After each coat, buff floor. 

3.4 PROTECTION 

A. Protect with nonstaining, nonsticking building paper as may be necessary to 
prevent dirt and damage. 

B. Protect traffic areas with fiberboard or plywood laid over nonstaining, 
nonsticking building paper. 

END OF SECTION
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SECTION 09 65 36 

STATIC DISSIPATIVE RESILIENT TILE FLOORING (SDRT) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Furnish labor, materials, tools, equipment, and services for Static Dissipative 
Resilient Tile Flooring (SDRT), as indicated, in accordance with provisions of 
Contract Documents.  

B. Completely coordinate with work of other trades. 

1.2 QUALITY ASSURANCE 

A. Installer Qualifications: 

1. Manufacturer authorized or approved. 

B. Provide static dissipative adhesive, grounding strips, flooring and polish by one 
manufacturer. 

C. ASTM International (ASTM): 

1. ASTM E84 Standard Test Method for Surface Burning Characteristics of 
Building Materials 

2. ASTM F150 Standard Test Method for Electrical Resistance of Conductive 
and Static Dissipative Resilient Flooring 

3. ASTM E648 Standard Test Method for Critical Radiant Flux of Floor-
Covering Systems Using a Radiant Heat Energy Source 

4. ASTM E662 Standard Test Method for Specific Optical Density of Smoke 
Generated by Solid Materials 

5. ASTM F970 Standard Test Method for Static Load Limit 

D. American National Standards Institute (ANSI): 

1. ANSI/ESD S7.1 Resistive Characterization of Materials - Floor Materials 

2. ANSI/ESD STM 97.2 Floor Materials and Footware - Voltage Measurement 
in Combination with a Person 

E. National Fire Protection Association (NFPA): 

1. NFPA 101 Life Safety Code 

2. NFPA 253 Standard Method of Test for Critical Radiant Flux of Floor 
Covering Systems Using a Radiant Heat Energy Source 

3. NFPA 258 Recommended Practice for Determining Smoke Generation of 
Solid Materials 

4. NFPA 270 Standard Test Method for Measurement of Smoke Obscuration 
Using a Conical Radiant Source in a Single Closed Chamber 
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1.3 SUBMITTALS 

A. Shop Drawings:   

1. Coving details. 

B. Product Data: 

1. Certification of installer qualifications. 

C. Samples: 

1. Three samples of each material specified in Drawings. 

2. Full range of colors for Architect selection. 

D. Project Information: 

1. Field test report. 

2. Installation instructions. 

3. Manufacturer's certification of flooring tests by independent laboratory and 
compliant with required fire tests.  

4. Statements of compliance with quality assurance requirements. 

E. Contract Closeout Information: 

1. Warranty. 

2. Maintenance data: 

a. See Section 01 78 23. 

1.4 WARRANTY 

A. Provide written warranty signed jointly by Manufacturer, Installer, and 
Contractor: 

1. Warrant flooring to remain free of buckling, cracking, lifting, warping, 
shrinkage, change in color, loosening, disintegration, exuding of adhesives 
through joints to surfaces, or other defects for a period of five (5) years. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Static Dissipative Resilient Tile (SDRT): 

1. Basis of Design: 

a. Armstrong World Industries, Inc. 

2. Optional: 

a. Forbo Industries 

b. Polyflor, Ltd. 

B. Other manufacturers desiring approval comply with Section 01 25 13. 
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2.2 MATERIALS 

A. Static Dissipative Resilient Tile (SDRT): 

1. Basis of Design:  SDT Excelon Tile Flooring by Armstrong World Industries, 
Inc. 

2. Static load limit:  75 PSI. 

3. Dynamic coefficient of friction:  0.42 minimum. 

4. Comply with requirements of ASTM F1066, including but not limited to: 

a. Class 2 - Through-Pattern. 

b. Dimensional tolerance. 

c. Square-ness of manufacture. 

d. Resistance to indentation. 

e. Impact resistance. 

f. Dimensional stability. 

g. Resistance to chemicals. 

h. Resistance to heat. 

5. Size:  12 x 12 x 1/8 IN nominal. 

6. Critical radiant flux:  Class I, 0.45 W/cm2 minimum. 

7. Smoke developed:  450 or less. 

8. Flame spread:  75 maximum. 

9. Electrical resistance:  1,000,000 to 1,000,000,000 ohms. 

10. Static generation: 

a. <10 volts at 40 PCT relative humidity with ESD shoes 

b. <100 volts at 12 PCT relative humidity with ESD shoes. 

11. Static decay:  <0.5 seconds from 5,000 volts to 0.0 volts. 

12. Color and pattern:   

a. Refer to drawing color/finish schedule. 

B. Static Dissipative Adhesive:   

1. S-202 Static Dissipative Tile Adhesive by Armstrong World Industries, Inc. 

C. Static Dissipative Grounding Strips: 

1. Manufacturer’s standard copper ground connection strips. 

D. Static Dissipative Floor Polish: 

1. S-392 SDT Polish by Armstrong World Industries, Inc. 

E. Leveling Compound:   

1. Type recommended by tile manufacturer. 
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F. Wall Base: 

1. Specified in Section 09 65 00. 

G. Joint Sealant: 

1. Provide at top of wall base or integral cove cap. 

2. Plastic filler as recommended by SDRT flooring manufacturer. 

H. Accessories: 

1. Transition strips and reducing strips tapered to meet abutting materials. 

2. Threshold of thickness and width as shown on drawings. 

3. Resilient edge strips, width as shown on drawings with gauge equal to 
flooring. 

a. Tapered edge. 

b. Color to match flooring. 

4. Metal edge strip: 

a. Concealed anchorage:  Butt-type metal edge strips. 

b. Material:  Extruded aluminum, mill finish. 

PART 3 - EXECUTION 

3.1 INSPECTION 

A. Examine surfaces for defects, irregularities and conditions under which flooring 
is to be installed. 

B. Verify substrates are dry, clean,  smooth and free of paint, varnish, solvents, 
wax, oils or foreign matter. 

C. Repair cracks and other surface defects. 

D. Verify floors are level or meet indicated slope. 

E. Do not proceed with installation until unsatisfactory conditions have been 
corrected. 

F. Installation constitutes acceptance of substrate and responsibility for 
performance. 

3.2 PREPARATION 

A. Coordinate installation with requirements of Concrete Floor Moisture Testing, 
and Water Vapor Emission Control with manufacturer’s publish requirements. 

B. Prepare substrate in accordance with manufacturer’s instructions. 

C. Fill construction joints and other non-moving joints with product approved by 
manufacturer of flooring system. 
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D. Where Static Dissipative Resilient Tile Flooring abuts thicker finish flooring 
materials, feather leveling compound for approximately 12 IN for each 1/8 IN of 
rise to align finished surfaces.  

E. Coordinate leveling with vapor emission control system provider. 

3.3 INSTALLATION 

A. Provide installation under direct supervision of manufacturer's representative. 

B. Coordinate installation with other floor, wall and ceiling work. 

1. Do not start work until related work of other trades in same area has been 
completed. 

C. Mix and apply adhesive as recommended by manufacturer. 

D. Install continuous copper grounding strips set in adhesive where recommended 
by manufacturer for maximum static dissipative performance. 

1. Coordinate location of leads with equipment grounding conductor interface 
provided in Division 26. 

E. Install each tile fully bonded to floor and flush, tight and in true alignment with 
adjacent tiles, for finished surface free from imperfections. 

1. Fit flooring neatly into breaks and recesses, under casework, against walls, 
around pipes, and other installations and obstructions. 

2. Lay out tile in a manner to avoid tiles of less than 1/2 size. 

3. Install edging strips where edge of floor covering is exposed. 

a. Install accent strips in door openings, located directly under door when 
door is in closed position. 

F. Install tile flooring and base as scheduled for rooms under and behind 
equipment. 

G. Roll flooring using smooth roller. 

3.4 FIELD TESTING 

A. After installation, provide electrical resistance testing of completed floor under 
observation of Architect. 

1. Performed by factory representative in accordance with ANSI/ASTM F150. 

2. Perform one test per room per 2500 SQFT. 

3.5 CLEANING 

A. Clean floors as recommended by manufacturer just prior to occupancy. 

3.6 PROTECTION 

A. Provide non-staining protection for finished flooring until building is ready for 
occupancy. 

END OF SECTION
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SECTION 09 68 00 

CARPET (BROAD LOOM) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Direct glue down carpeting. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 09 65 00 - Luxury Vinyl Tile and Resilient Base. 

4. Section 09 68 13 – Carpet Tile (CPT) 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Association of Textile Chemists and Colorists (AATCC): 

a. 134, Electrostatic Propensity of Carpets. 

2. Americans with Disabilities Act (ADA): 

a. Accessibility Guidelines for Buildings and Facilities (ADAAG). 

3. ASTM International (ASTM): 

a. E648, Standard Test Method for Critical Radiant Flux of Floor-Covering 
Systems Using a Radiant Heat Energy Source. 

b. E662, Standard Test Method for Specific Optical Density of Smoke 
Generated by Solid Materials. 

4. The Carpet and Rug Institute (CRI): 

a. Carpet Installation Standard. 

5. National Fire Protection Association (NFPA): 

a. 258, Recommended Practice for Determining Smoke Generation of Solid 
Materials. 

6. U.S.  Department of Commerce (DOC): 

a. FF 1-70, Standard for the Surface Flammability of Carpets and Rugs. 

B. Qualifications: 

1. Installer shall have minimum of five (5) years installation experience of 
carpet type specified. 

C. Miscellaneous: 

1. Furnish only first quality materials. 
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1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Manufacturer's recommendations on leveling compound and adhesive. 

3. Certification of installer qualifications. 

B. Samples: 

1. Color swatches of carpet for color selection by Engineer. 

a. After initial color selection, and when requested by Engineer, provide two 
(2) 6 by 6 IN samples of each color and pattern selected. 

C. Contract Closeout Information: 

1. Operation and Maintenance Data: 

a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Carpet: 

a. Patcraft. 

b. Bigelow. 

c. Lees Commercial Carpets. 

d. Milliken. 

e. J & J. 

2. Edging, and Reducers: 
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a. Armstrong. 

b. Burke Flooring. 

c. Flexco. 

d. Johnsonite. 

e. Roppe. 

f. VPI. 

B. Submit request for substitution in accordance with Specification Section 01 25 13. 

2.2 MATERIALS 

A. Carpet Construction: 

1. Basis of Desighn:  Patcraft 10338 “Own It” Ultraloc Pattern. 

2. Construction:  Broad loom. 

3. Texture:  Multi-level pattern loop. 

4. Smoke developed:  ASTM E662, 450 maximum. 

5. Static rating:  AATCC 134, 3.0 kV maximum. 

6. Flammability: 

a. Meet NFPA 258 Class 1. 

b. Must pass DOC FF 1-70 Pill Test. 

7. Width:  12 FT. 

8. Rows:  10.0 per IN. 

9. Pile thickness:  0.141 IN. 

10. Fiber content:  Eco Solution Q SD Nylon. 

11. Solution dyed. 

12. Pile weight:  Minimum 22.0 OZ/SY. 

13. Backing:   

a. Primary – Woven Synthetic 

b. Secondary - Ultraloc 

B. Leveling Compound:  Noncrumbling, nonstaining type approved by carpeting 
manufacturer. 

C. Resilient Base:  Refer to Specification Section 09 65 00. 

D. Edging and Reducers: 

1. Thermoplastic vinyl. 

a. ASTM E648, Class 1 Fire Rated. 

2.3 MAINTENANCE MATERIALS 

A. Extra Materials: 
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1. Furnish Owner with the following extra materials: 

a. 5 PCT additional carpet of each type, pattern and color with a minimum 
of 1 SQYD. 

2. Remnants and pieces are not acceptable as extra materials. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Verify all dimensions of area to receive carpet. 

B. Prime all floor areas to receive direct glued down carpet. 

3.2 INSTALLATION 

A. Install products in accordance with CRI Carpet Installation Standard. 

B. Install products direct glue down in accordance with manufacturer's instructions. 

C. Arrange seams symmetrically about centerline of rooms. 

D. Use minimum of cross seams or visible side seams. 

E. Lay so pile and pattern of adjacent pieces have same direction. 

F. Do not piece. 

G. Install in longest practicable lengths. 

H. Install lengthwise in corridors. 

I. Apply adhesive. 

J. Apply coating of edge sealer to seam edge of first width. 

K. Brush or roll looseness and air bubbles away from seam. 

L. Bind all seams with seam cement. 

M. Provide edging, reducers and transitions as necessary for terminating flooring 
or transitioning to adjacent flooring materials. 

1. Profiles shall be ADA compliant. 

3.3 CLEANING 

A. Remove any spillage of glue or adhesive from carpet. 

B. Clean carpet of all spots and remove all loose threads. 

C. Completely and thoroughly vacuum. 

3.4 PROTECTION 

A. Protect carpet using nonstaining Kraft paper or other suitable nonstaining covering. 
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3.5 SCHEDULES 

A. Refer to drawings color/finish schedule for carpet type and color. 

END OF SECTION 
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SECTION 09 68 13 

CARPET TILE (CPT) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Furnish labor, materials, tools, equipment, and services for Carpet Tile (CPT) in 
accordance with provisions of the Contract Documents. 

B. Completely coordinate with work of other trades. 

C. Refer to Specification Section 09 68 00 for broad loom carpet. 

1.2 QUALITY ASSURANCE 

A. Manufacturer Qualifications: 

1. Carpet manufacturer shall have no less than ten (10) years of production 
experience with carpet similar to type specified in this document; and whose 
published product literature clearly indicates compliance of products with 
requirements of this section. 

B. Contractor Qualifications: 

1. Firm with not less than five (5) years of successful carpeting experience 
similar to work of this section and recommended and approved by the carpet 
manufacturer.  Upon request, submit letter from carpet manufacturer stating 
certification qualifications and acceptance. 

C. Installer Qualifications: 

1. Mill trained, skilled mechanics supervised by experienced superintendent 
with 50,000 yards experience. 

D. Single Source Responsibility: 

1. Provide product material by a single manufacturer for each carpet type 
specified. 

E. Fire and Smoke Compliance: 

1. Comply with DOC FF-1-70, standard for surface flammability of Carpets and 
Rugs. 

2.  Critical Radiant Flux, per ASTM E648 and NFPA 253: 

a. Class I, not less than 0.45 W/cm2.  

3. Smoke Developed:   

a. 450 or less per ASTM E662 / NFPA 258. 

F. Comply with DOC FF-1-70, standard for surface flammability of Carpets and 
Rugs. 
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1.3 SUBMITTALS 

A. Samples: 

1. Three samples 12 IN 300 MM square of each material and color specified in 
Drawing I-001 Interior Notes and Finish Legend. 

B. Contract Closeout Information: 

1. Warranty. 

2. Maintenance data: 

a. See Section 01 78 23. 

1.4 WARRANTY 

A. Replace damaged or defective carpet or carpet stained by adhesives for a 
period of two (2) years. 

B. Warrant material will not degrade for fifteen (15) years due to following: 

1. Delamination from face structure, shrinkage or stretching affecting 
performance of face or backing structure or causing tile to curl or dome. 

2. Reduction of pile height by more than 15 PCT in any area.  

3. Colorfastness to normal light as measured by AATCC 16E. 

4. Normal atmospheric contaminates. 

5. Pulling out of nap. 

6. Edge ravel. 

C. Warranty to include removal, replacement carpet tiles, installation, and disposal 
of defective carpet tiles. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Carpet Tile (CPT): 

1. Basis of Design: 

a. Milliken. 

B. Carpet Edging Strips: 

1. Base: 

a. Per manufacturer. 

C. Other manufacturers desiring approval comply with Section 01 25 13. 

2.2 MATERIALS 

A. Carpet Tile (CPT): 

1. First quality, no seconds or imperfects. 
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2. Deliver with mill register numbers attached. 

3. Comply with applicable state and local codes. 

4. Antimicrobial; 

a. Broad spectrum efficacy against bacteria and fungus for the life of the 
product. 

B. Carpet Edging Strips: 

1. Base Product:  Carpet to Resilient Transition 170 by BurkeMercer. 

2. Thickness to match carpet. 

3. Color as selected by Architect. 

C. Leveling Compound:   

1. Non-crumbling, non-staining, cementitious type. 

2. Mix with latex milk not water.  

3. K-15 by Ardex or Ultraplan 1 Plus by Mapei.  

D. Patching Compound: 

1. Fill cracks, joints, holes or uneven areas with non-crumbling latex base floor 
filler. 

2. Acceptable Product:  LeveLastic by CMP Specialty Products. 

3. Do not mix with water. 

E. Adhesive: 

1. Non-staining, non-bleeding strippable type. 

2. As recommended by carpet manufacturer with VOC content no greater than 
50 g/L. 

3. Allow removal of carpet without damage or adherence to carpet. 

F. Carpet Types: 

1. See material and color specified on drawings finish/color schedule. 

2. Carpet CPT-1: 

a. Yarn:  100 PCT first quality, bulk continuous filament nylon type 6.6 
offering a construction and performance standards testing program by 
fiber producer.  Fiber shape to have maximum Modification Ratio of 1.5 
for soil release capabilities.  Fiber identification to AATCC20. 

b. Static Control:  By permanent means, i.e. antistatic filaments, and 
without chemical treatment, static generation below 3.5 kilovolts under 
standard conditions of 65 F 18 DEGC and 20 PCT relative humidity.  
Electrostatic Propensity, Static delayed signal:  to AATCC 134. 

c. Construction:  Tufted textured loop. 

d. Dye Method:  Digital dye infused (DDI). 
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e. Pile Weight:  Minimum 15 OZ/YD2 g/m2. 

f. Pile Thickness:  0.08 IN mm maximum. 

g. Backing:  PVC-free Well BAC comfort cushion. 

h. Resistance to Delamination:  ASTM D3936 minimum 3.0 LBS/IN 0.5 
N/mm. 

i. Pile density minimum:  6500. 

j. Size:  9.85 IN x 39.4 IN. 

k. Colorfastness to light:  AATCC 16E, 80 AFU, International Gray Scale for 
Color Change rating minimum 4. 

l. Soil resistance:  Stainsmart. 

2.3 EXTRA MATERIAL 

A. Furnish Owner with minimum of five (5) percent additional material of each 
type, pattern and color for maintenance purposes. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify concrete floor surfaces are suitable for Carpet Tile installation. 

B. Coordinate installation with requirements of Concrete Floor Moisture Testing, 
and Water Vapor Emission Control with manufacturers published requirement. 

3.2 PREPARATION 

A. Clean areas to receive carpet tile. 

1. Strip waxes and finishes. 

2. Vacuum and wet mop. 

B. Layout: 

1. Arrange joints symmetrically at centerline of rooms. 

2. Lay and match adjacent tiles for pile and pattern directions. 

3.3 INSTALLATION 

A. Install carpet patterns in accordance to layouts indicated in Drawings. 

1. Develop templates as required. 

B. Comply with manufacturer's instructions and recommendations for seam 
locations, and lay of carpet pile. 

1. Do not mix dye lots in same area. 

2. Install carpet under open bottom items, removable flanges, furnishings, 
alcoves and closets. 

3. Install tight against walls, columns, cabinets and over recessed door closers. 

4. Butt edges tight without distortion. 
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5. Where carpet tiles abut deeper finish flooring materials, feather leveling 
compound for approximately 12 IN 25 MM for each 1/8 IN 3 MM of rise so 
finished surfaces align.  

6. Fill or level floors at uneven areas with leveling compound and feather 
minimum 4 FT- 0 IN 1.2 m. 

7. Expansion joints: 

a. Do not bridge building expansion joints with continuous carpeting. 

b. Provide for movement. 

C. Install carpet edging strips, transition strips and reducer strips at non-carpeted 
floor surface. 

1. Conceal cut edges with protective edge guards or overlapping flanges. 

2. Score and trim narrow end of reducer strip to conform to adjacent floor 
finish. 

3.4 CLEAN 

A. Remove spots and  adhesive from face or seams in accordance with 
manufacturer recommendations. 

B. Vacuum using pile lifter. 

C. Advise Owner regarding care and maintenance. 

END OF SECTION 
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SECTION 09 80 10 

POLYURETHANE COATINGS FOR STEEL OR DUCTILE IRON PIPE 

 

PART 1 GENERAL 
 

1.1 SECTION INCLUDES 
 

A. Polyurethane coating system for use as internal lining and external coating 
on steel pipe, and as external coating on ductile iron pipe. 
 

B. External coatings for steel pipe or ductile iron pipe in aerial or exposed 
applications shall be epoxy in accordance with Section 33 11 13.02 – Steel 
Pipe and Fittings for Large Diameter Water Lines. 

 

1.2 MEASUREMENT AND PAYMENT 
 

A. Unit Prices: 
 

1. No separate payment will be made for work performed under this 
Section. Include cost of polyurethane lining or coating in contract unit 
prices for steel pipe or ductile iron pipe. 

 
2. Refer to Section 01 29 02 - Measurement and Payment for unit price 

procedures. 
 

B. Stipulated Price (Lump Sum): If Contract is Stipulated Price Contract, 
payment for work in this Section is included in total Stipulated Price. 

 
1.3 REFERENCES 

 
A. ANSI/NSF Standard 61 - Drinking Water System - Health Components. 

 
B. AWWA C 222 - Polyurethane Coatings for the Interior and Exterior of Steel 

Water Pipe and Fittings. 
 

C. ASTM D 16 – Standard Terminology Relating to Paint, Varnish, Lacquer, and 
Related Products. 

 
D. ASTM D 522 - Standard Test Method for Mandrel Bend Test of Attached 

Organic Coatings. 
 

E. ASTM D 570 – Standard Test Method for Water Absorption of Plastics 
 

F. ASTM D 4060 – Standard Test Method for Abrasion Resistance of Organic 
Coatings by the Taber Abraser 
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G. ASTM D4285 – Standard Test Methods for Indicating Oil or Water in 
Compressed Air  

 
H. ASTM D 4541 – Standard Test Method for Pull Off Strength of Coatings 

Using Portable Adhesion Testers 
 

I. ASTM D7393 – Standard Practice for Indicating Oil in Abrasives 

 
J. ASTM E 96 – Standard Test Method for Water Vapor Transmission of 

Materials 
 

K. ASTM G 14 – Standard Test Method for Impact Resistance of Pipeline 
Coatings (Falling Weight Test) 

 
L. ASTM G 95 – Standard Test Method for Cathodic Disbondment Test of 

Pipeline Coatings (Attached Cell Method) 
 

M. NACE SP-0188 – Discontinuity (Holiday) Testing of Protective Coatings 
 

N. NACE RP-0287 - Field Measurement of Surface Profile of Abrasive Blast-
Cleaned Steel Surfaces Using a Replica Tape 

 
O. NAPF 500-03 – Surface Preparation Standard for Ductile Iron Pipe and 

Fittings in Exposed Locations Receiving Special External Coatings and/or 
Special Internal Linings 

 
P. SSPC-PA 2 - Measurement of Dry Paint Thickness with Magnetic Gauges. 

 
Q. SSPC-PA Guide 10 - A Guide to Safety and Health Requirements. 

 
R. SSPC-SP 1 – Solvent Cleaning Surface Preparation 

 
S. SSPC-SP10 - Near-White Metal Abrasive Blast Surface Preparation 

 
T. SSPC-SP11 – Power Tool Clean to Bare Metal 

 
1.4 SAFETY 

 
A. Secure, from manufacturer, Material Safety Data Sheet (MSDS) for 

polyurethane coatings and repair materials listed in this Section. 
 

B. Safety requirements stated in this specification and in related sections apply 
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in addition to applicable federal, state and local rules and regulations. Comply 
with instructions of coating manufacturer and requirements of insurance 
underwriters. 

 
C. Follow handling and application practices of SSPC-PA Guide 10, and Coating 

Manufacturer's Material Safety Data Sheet. 
 
1.5 SUBMITTALS 

 
A. Conform to requirements of Section 01 33 00 - Submittals. 

 
B. Submit coating manufacturer's catalog sheets, product data sheets, material 

data sheets and other manufacturer’s information for all material provided.  
Include manufacturer’s recommendation and instructions for surface 
preparation, application and curing. 

 
C. Quality Control Submittals.  Furnish the following: 

 
1. Shop and field applicator’s experience with list of references 

substantiating compliance. Submit references of 5 successful projects 
completed within the last 3 years for each applicator. Each project 
listed should be at least 500 linear feet in length, unless otherwise 
approved by Engineer. 
 

2. Monitoring records for shop coated pipe, including coating “affidavit of 
compliance” with requirements of this Section stating that coatings 
were applied in factory, in accordance with manufacturer’s 
requirements, and AWWA C222.  Include monitoring records for each 
length of pipe coated or every hour of production work whichever is 
more frequent.  Recorded parameters shall include pipe, ambient and 
coating temperature, relative humidity, line speed, and holiday test 
voltage. 

 
3. Factory applied linings and coatings: Lining/Coating manufacturer’s 

certification stating that the individual applicators have met the 
qualification certification requirements as specified in this Section. 

 

a. Quality control inspection records for each pipe lined or coated. 
Inspection records shall include results for surface profile, 
surface cleanliness, abrasive cleanliness, coating thickness, 
holiday results, and adhesion results. 

b. Coating manufacturer’s certification stating that the individual 
coating applicators have met the certification requirements as 
specified in this Section.  



POLYURETHANE COATINGS  WHCRWA 

FOR STEEL OR DUCTILE IRON PIPE CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
POLYURETHANE COATINGS FOR STEEL OR DUCTILE IRON PIPE 

09 80 10 - 4 OF 18 

c. Provide free film samples (4 each, 24” x 24”) and coated plate 
samples (4 each, 6”x6”) to Engineer for possible verification 
testing. 

 
4. Provide: 

 
a. Manufacturer’s lining/coating application Quality Control 

Manual. 
 

b. Coating Performance Test report with statement that no 
reformulations have been made subsequent to the coating tests 
performed for the report. 

 
c. Current test equipment calibration certificates 

 
5. Provide administrative documents showing that QA/QC personnel in 

both shop and field are certified as NACE International Coating 
Inspector (Level III). 

 
6. Field applied linings and coatings:   

 
a. Environmental monitoring records. 
b. Field repair procedures. 

 
1.6 QUALITY ASSURANCE 

 
A. Shop and Field Lining/Coating Applicator’s Experience and Certification: 

 
1. Minimum 5 years’ practical experience in application of the specified 

products required for Lining/Coating Applicator and the Applicator’s 
Supervisor (Certified Applicator). 

 
2. Minimum 2 years’ practical experience in application of the specified 

lining/coating system required and application personnel whom have 
direct application responsibility. 

 
3. Certification by lining/coating manufacturer as an approved applicator 

required for Lining/Coating Applicator. 
 

B. Shop: Unless otherwise approved by Engineer, lining/coating manufacturer’s 
technical representative to be present for a minimum of three working days 
for technical assistance and instruction at the start of coating operations 
within the shop. During this visit, technical representative to observe surface 
preparation and application, and conduct or observe tests of coating to 
ensure conformance with application instructions, recommended methods, 
and conditions. 
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C. Letter from lining/coating manufacturer confirming compatibility between shop 

and field applied linings and coatings; and compatibility between 
lining/coating system and all repair materials. 

 
1.7 DELIVERY, STORAGE, AND HANDLING 

 
A. Use standard closed containers to prevent gelling, thickening deleteriously or 

forming of gas within period of one year from date of manufacture. 
 

B. Label each container of separately packaged component clearly and durably 
to indicate date of manufacture, manufacturer's batch number, quantity, 
color, component identification and designated name or formula specification, 
number of coatings together with special instructions. Do not use coating 
components older than one year. 

 
C. Deliver materials to pipe manufacturer in sealed containers showing 

designated name, batch number, color, date of manufacture and name of 
manufacturer. 

 
D. Store material onsite in enclosures, out of direct sunlight in warm, ventilated 

and dry area.  Protect from freezing. 
 

E. Prevent puncture, inappropriate opening or other action which may lead to 
product contamination. 

 
1.8 OBSERVATION OF WORK 

 
A. Provide minimum 14 days advance notice to Engineer before start of coating 

work to allow for scheduling of shop or field observation. 
 

B. Provide full access to Engineer for all facilities and documentation regarding 
surface preparation, environmental conditions and applications. 

 
C. Observation by Engineer or waiver of observation does not relieve Contractor 

of his responsibility to perform work in accordance with Specifications. 
 

D. Materials are subject to testing for conformance with this specification. 
 

E. Engineer may retain services of independent, third-party NACE CIP Level 3 
Certified Inspector for partial or full-time inspection of the work. 

 

PART 2 PRODUCTS 
 
2.1 GENERAL 
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A. Supply lining or coating material in new, undamaged, labeled, unopened 
containers clearly and durably displaying date of manufacture, 
manufacturer’s batch number, component identification, component color, 
manufacturer’s name and product name. Store and handle in accordance 
with manufacturer’s written instructions. Discard material that exceeds 
manufacturer’s recommended shelf life, or is stored improperly, prior to 
usage, and replace with new material. 

 
B. Clean, prime, and coat surfaces of pipe and fittings in accordance with 

referenced standards, written instructions by coating manufacturer, and these 
specifications. 

 
C. Provide lining and coating materials from single manufacturer. Product 

substitutions during project are not permitted without approval from Engineer. 
 
2.2 COATING MATERIAL 

 
A. Coating System: ASTM D16 Type V thermoset, aromatic polyurethane plastic 

polymer in accordance with AWWA C222 (referred to as a polyurethane 
system). 

 
B. Acceptable Materials: 

 

1. DuraShield 110, 210, and 310 (External); DuraShield 110-61 NSF, 

210-61 NSF, and 310-61 NSF (Internal) by LifeLast Inc., Pflugerville, 

TX, 

 

2. CorroPipe 3000 (External); CorroPipe II PW (Internal) and CorroPipe II 

PW Ultra (Internal) by Valspar, Minneapolis, MN.  

 

3. Protec II (External), Protec II PW (Internal) by ITW PolySpec/Futura 

Coatings, Houston, TX. 

 

4. Polyclad 777PL (External), Polyclad 767 (Internal), by Carboline, St. 

Louis, MO. 

 

5. Approved equal. 

 
C. Color: Polyurethane shall be light colored (white, tan, beige, almond, yellow) 

 

D. Cured Coating Properties.  In accordance with AWWA C222 except as 
follows: 
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1. ASTM E 96 Permeance using Water Procedure BW (App. X1):  no 
more than 
0.16 inch-lb. 

 
2.3 SURFACE PREPARATION 

 
A. The requirements listed below are for surface preparation procedures in the 

factory. For surface preparation in the field, refer to Part 3 – Execution. 
 

B. Steel Pipe: 
 

1. Visible oil, grease, dirt, labels, and contamination shall be removed in 
accordance with SSPC-SP1, Solvent Cleaning, prior to abrasive 
surface preparation. 
 

2. Surface imperfections such as metal slivers, burrs, weld spatter, 
gouges, or delaminations in the metal shall be removed prior to 
abrasive surface preparation. 
 

3. Sharp edges shall be ground to a smooth radius of at least 0.125 
inches or as recommended by the coating manufacturer. 
 

4. Abrasive blast to Near-white Blast Cleaning (SSPC SP 10). 
 

5. Steel grit abrasive mixture and gradation shall be as required to 
achieve the cleanliness and surface profile as specified.  Surfaces to 
receive a polyurethane coating shall have a sharp angular surface 
profile of at least 3.0 mils and shall not exceed maximum depth 
recommended by coating manufacturer. 
 

6. Pipe cleaned by abrasive blasting with a mixture of steel grit or 
recycled steel grit abrasive shall be cleaned of debris and spent 
abrasive in an air wash separator. 
 

7. Abrasive shall be checked for oil in accordance with ASTM D7393 and 
compressed air to be checked for oil or water in accordance with 
ASTM D4285 as needed. 
 

8. Spent abrasive and debris shall be removed from the surface of the 
pipe by a vacuum process or with clean, dry, oil-free compressed air to 
a minimum grade 2 per ISO Standard 8502-3. 
 

9. Protect prepared pipe from humidity, moisture, and rain.  Keep pipe 
clean, dry, and free of flash rust.  All flash rust, imperfections, or 
contamination on cleaned pipe surface shall be removed by re-blasting 
prior to coating application. 
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10. Coating of pipe shall be completed within 4 hours of surface 

preparation / blasting. 
 

C. Ductile Iron Pipe. Prepare surface in accordance with manufacturer’s 
recommendations and NAPF 500-03. 

 
1. Provide uncoated ductile iron pipe when polyurethane coatings are 

used. Do not apply asphaltic coating to ductile iron pipe and then 
attempt to remove prior to polyurethane coating application. 

 
2. Do not apply surface preparation that is designed for steel pipe to 

ductile iron pipe. Unlike steel surfaces, it is possible to over blast the 
external surface of ductile iron pipe. Consult ductile iron pipe and 
polyurethane coating manufacturer regarding method of application 
and surface preparation to be used. 

 
2.4 FACTORY APPLICATION OF POLYURETHANE 

 
A. Equipment:  As required by manufacturer. 

 
B. Temperature: Minimum 5 degrees F above dew point temperature. 

Temperature of surface shall not be less than 50 degrees F during 
application or as per manufacturer’s recommendation, whichever is higher. 

 
C. Humidity: Heating of pipe surfaces may be required when relative humidity 

exceeds 80 percent. 
 

D. Do not thin or mix resins; use as received. Store resins at temperature 
between 60 and 90 degrees F at all times.  

 
E. Application: Conform to lining/coating manufacturer's recommendations. 

Apply directly to substrate to achieve specified thickness. Multiple-pass, one-
coat application process is permitted provided maximum allowable recoat 
time specified by manufacturer is not exceeded. 

 
F. Reapply only when lining or coating has cured less than maximum time 

specified by manufacturer. Comply with manufacturer’s recommendations. 
 

G. Cure and perform cure test in accordance with manufacturer’s 
recommendations prior to handling, inspection, testing, and placement in 
service. 

 
2.5 FACTORY INSPECTION 

 
A. Engineer may inspect linings and coatings at applicator's facilities. 
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B. Inspection procedures to be in accordance with AWWA C222 and noted 

herein. Conduct inspection any time after lining or coating has reached initial 
cure. Repair in accordance with manufacturer’s requirements and these 
specifications. 

 

1. Surface Profile Testing 

a. Surface profile of abrasive blasted surfaces to be tested with “Press-
O-Film” tester tape or equivalent in accordance with NACE RP0287. 

b. Tester tape shall be suitable for the intended profile height.   

c. Profile shall be measured to a minimum tolerance of 0.1 mils. 

 

2. Visual Inspection Testing 

a. Visual inspection and testing shall be conducted at the shop after 
the lining or coating has completely cured and prior to shipment.  
Pipe lots shipped without visual inspection testing shall be field-
tested.  Pipe rejected in the field shall be returned to the shop for 
repair at the sole expense of the Contractor. 

 

b. Visual inspection testing shall be conducted on each pipe lot lined 
or coated.  The sample quantity of visual inspection tests shall be 
the greater of the following: 

 

1. Five randomly selected pipes from each pipe lot shall be tested.  
 

2. Not less than 50 percent of pipe produced within a lot. 
 

c. If any two individual pipe of the sample quantity fail the visual 
inspection, the entire lot will be held in dispute (quarantine). 

 

d. If during the visual inspection, the pipe is found to have visual 
defects, then the affected pipe area shall be measured to determine 
the amount of aesthetic blemish.  If the aesthetic blemish exceeds 
5% of the total surface area, that pipe is to be rejected for recoat 
and the entire lot shall be held in dispute (quarantined) until those 
pipe pass visual inspection. 

3. Adhesion Testing 

a. Adhesion testing shall be conducted at the shop after the lining or 
coating has completely cured and prior to shipment.  Pipe lots 
shipped without adhesion testing shall be field-tested.  Pipe 
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rejected in the field shall be returned to the shop for repair at the 
sole expense of the Contractor. 

b. Adhesion testing shall be conducted on each pipe lot coated.  The 
quantity of coating adhesion tests shall be the greater of the 
following: 

 

1. Five randomly selected pipes from each pipe lot shall be 
tested. 
 

2. Not less than 50 percent of each pipe produced within a lot. 

c. Adhesion testing shall be conducted after all repair or replacement 
of coating application equipment that comes in contact with 
uncured polyurethane. Test the last pipe lined or coated prior to 
and the first pipe lined or coated after the changes. 

 

d. The applicator shall repair all lining or coating damage from shop 
adhesion testing.  Repairs to adhesion tests shall not be counted 
against the total minor repairs allowable. 

 

e. Adhesion tests shall be performed after the lining or coating has 
completely cured but not less than 24 hours after application.  Tests 
conducted prior to 24 hours shall be acceptable only if the test 
meets or exceeds the adhesion criteria specified and the test was 
requested by the Lining/Coating Applicator.   

 

f. Pipe shall be randomly selected for adhesion testing by the 
Lining/Coating Applicator. 

 

g. Perform adhesion testing in accordance with AWWA C222.  
Acceptance criteria for scored dolly testing shall be as defined in 
AWWA C222 minimum 1,500 psi. The adhesion test criteria is not 
satisfied if any adhesive or cohesive mode failure of the coating 
occurs at an applied tension at or below the acceptance criteria. 
Glue failures greater than 50% of the dolly surface area and at a 
pull value below the criteria are considered to be a non-test and the 
test must be repeated. 

 

h. Rejection of Lining or Coating 
 

1. Each pipe failing the adhesion criteria as defined this section 
shall be rejected. 
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2. If tested pipe within a lot fails to meet the adhesion criteria 
specified for the lining or coating type, each pipe within that lot 
shall then be individually tested and accepted or rejected on a 
pipe-by-pipe basis in conformance with the test procedures. A 
failure in one section of the pipe is grounds for rejection of the 
entire pipe. 
 

3. All rejected pipe shall have the lining or coating fully removed 
from the pipe and the pipe abrasive blasted and recoated.  

 

i. Engineer has the right to conduct additional adhesion testing as 
deemed necessary to assure the pipe meets the requirements of 
this specification prior to shipment. 

 

4. Dry Film Thickness Testing 

a. Linings and coatings shall be tested for dry film thickness using a 
properly calibrated Positector 6000 Type II gauge or approved 
equal.   

b. Lining or coating thickness measurements shall be conducted in 
accordance with AWWA C222 without limitation to additional 
measurements as may be deemed necessary. 

5. Holiday Testing 

a. Holiday tests shall be conducted on the completed coating after 
the lining or coating has cured to a firm state, but not sooner 
than 20 minutes after application or if lining or coating requires a 
longer cure period, follow the manufacturer’s recommended 
timing.  Holiday test shall be conducted using a high voltage 
spark test in accordance with NACE Standard SP0188 and these 
specifications. 

 
b. Testing voltage shall be set at the actual coating thickness using 

manufacturer’s testing voltage recommendation except the 
minimum shall be 100 V/mil. 

 

C. Unacceptable Lining or Coating Application 

1. Applied under improper environmental conditions shall be rejected.   

2. Pipes that exceed the allowable quantity of defects, regardless of size 
or cause, shall be rejected. 
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3. Linings or coatings that fail the adhesion or holiday testing as specified 
in this section shall be rejected. Holidays may be repaired without 
stripping the rejected pipe, but the restrictions regarding frequency and 
total surface area of repair as stated in this section apply. 

4. Pipes that do not satisfy the minimum dry film thickness as specified 
shall be rejected. 

5. Pipe lining or coating that is subject to off-ratio application, blistering, or 
is not applied in conformance with the coating manufacturer’s written 
instructions or recommendations shall be rejected. 

6. Appearance shall be generally smooth and free of sharp protrusions. 
The lining or coating shall have no blisters, cracks, bubbles, 
delamination, or any other visual defects.  All imperfections shall be 
identified and repaired. Aesthetic blemishes, including sags, dimples, 
scuffs, and curtaining that exceed 5 percent of the surface area are 
considered a defect and may be rejected for repair. 

 
D. Remove lining or coating on the rejected pipe section for the full length of 

pipe to bare metal.  Reapply using proper application methods. 
 

2.6 HOLDBACK COATING SYSTEM 
 

A. Provide holding primer for corrosion protection of cutbacks or holdbacks 
compatible with specified joint coating system, heat shrink sleeve, and weld 
after backfill requirements where applicable. 

 
B. Holdback coating to prevent corrosion of prepared pipe ends for duration of 

storage and construction, and recommended for buried exposures. 
 

C. Primer should not result in running or melting of coating and causing toxic 
fumes when heated during welding on weld after backfill joints.  Zinc primers 
are not allowed. 

 
D. Apply holding primer in accordance with primer manufacturer’s 

recommendations, but maintain clearances required for proper joint 
installation as recommended by pipe manufacturer. 

 
E. Ductile Iron Joints: Apply coating to unlined pipe surfaces including inside of 

bell socket and outside of spigot. 
 

1. Coating application thickness on sealing areas of spigot end of pipe 
exterior: minimum 8 mils (0.008 inch), maximum of 10 mils (0.010 
inch). Maximum 10 mils may be exceeded in spigot end provided 
maximum spigot diameter as specified by pipe manufacturer is not 
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exceeded and approved by pipe manufacturer. 
 

F. Welded joints: 
 

1. Field welded on the inside: Provide four-inch minimum coating 
holdback on spigot end and six-inch minimum coating holdback on bell 
end. 

 
2. Field welded on the outside: Provide six-inch minimum coating 

holdback on the spigot end, and four-inch minimum coating holdback 
on the bell end. 

 
3. Butt strap ends: Provide six-inch minimum coating holdback. 

 
2.7 THICKNESS 

 
A. Internal Linings: Minimum DFT of 25 mils (0.025 inch) or manufacturer’s 

recommendation, whichever is greater. 
 

B. External Coatings:  Minimum DFT of 35 mils (0.035 inch) or manufacturer’s 
recommendation, whichever is greater. 

 
C. Thickness Determinations: Use Type 1 magnetic thickness gauge as 

described in SSPC-PA2 specification. No single gauge reading may be less 
than specified thickness. 

 
D. Do not accept pipe with deficient coating thickness. If pipe in field is found to 

have a lining or coating thickness as measured by SSPC PA-2 that is less than 
the specified thickness, the pipe segment shall be rejected. 

 
2.8 FACTORY REPAIR OF INTERNAL LININGS AND EXTERNAL COATINGS 

 
A. The procedures listed below are for repairs made to internal linings and 

external coatings in the factory.  For field repairs, see Part 3 – Execution. 
 

B. General 
 

1. Repair areas where holidays are detected or lining or coating is 
visually damaged, such as blisters, bubbles, cuts, or other defects. 

 
2. Provide repair materials that are compatible with the shop-applied 

system and approved by manufacturer. 
 

3. Provide repair materials as required for the system and repair 
classification. 
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4. Maximum defects allowable shall be as specified herein. 
 

C. Repair Materials: 
 

1. Provide polyurethane, single use kits that are supplied by parent 
manufacturer. 

 
2. For major repairs in the shop, reapply using plural component spray 

equipment by a manufacturer certified Coating Applicator. 
 

D. Defect size is defined as follows:  
1. Minor – less than 6 inches by greatest dimension.   
2. Major – exceeds 6 inches by greatest dimension. 

 

E. Maximum quantity of defects allowed: 

1. Minor repairs on all pipes shall not exceed 1.5 repairs per 100 square 
feet of surface area. 

2. Major repairs shall not exceed one per pipe. 

3. The combined area of all major and minor repairs for each pipe shall 
not exceed 0.5 percent of the pipe surface area 

 

PART 3 EXECUTION 
 
3.1 FIELD ENVIRONMENTAL CONTROLS 

 
A. General 

 
1. Do not apply linings or coatings when: 

 
a. Surface or ambient temperatures exceed the maximum or 

minimum temperatures recommended by the lining or coating 
manufacturer. 

 
b. In dust or smoke-laden atmosphere, blowing dust or debris, or 

under conditions that can cause icing on metal surface. 
 

c. When it is expected surface temperatures may drop below 5 
degrees above dew point within 1 hour after application of 
coating. 

 
d. Whenever relative humidity exceeds 85 percent or the 

maximum recommended by the lining or coating manufacturer. 
 

2. When weather conditions dictate, provide and operate heaters and 
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dehumidification equipment to allow pipe surfaces to be prepared and 
lined or coated as specified and in accordance with the manufacturer’s 
application recommendations. 

 
3. Do not proceed with surface preparation and application activities until 

adequate temperature and humidity controls are in place and 
functioning within environmental limits specified. 

 
4. Monitor ambient temperature, relative humidity, dew point, 

temperature, and pipe surface temperature (work area only) in strict 
conformance with manufacturer’s requirements, but not greater than 5 
hours between measurements. Document and submit environmental 
monitoring records to Engineer upon completion, if requested. 

 
3.2 PIPE INSTALLATION 

 
A. When required by Engineer, provide services of pipe manufacturer's 

representative for period of not less than 2 weeks at beginning of actual pipe 
laying operations to advise Contractor regarding installation including but not 
limited to handling and storing, cleaning and inspecting, coatings repairs, and 
general construction methods as to how they may affect pipe coatings. 

 
B. When required by Engineer, lining or coating manufacturer’s technical 

representative shall provide a written report to the Engineer for each visit. 
Include copies of test data collected, description of observations, and all 
recommended corrective actions. Submit within five working days after the 
visit. After corrective actions are complete, representative to certify 
application complies with manufacturer’s application recommendations. 

 
C. Use nylon straps, padded lifts and padded storage skids. Field cuts should be 

kept to minimum.  Repair damage to lining or coating due to handling or 
construction practices. 

 
D. Just before each section of pipe is to be placed into trench, conduct visual and 

holiday inspection in accordance with AWWA C222. Repair defects in lining or 
coating system before pipe is installed. 

 
E. For field-welded joints, drape minimum 18-inch wide strip of heat-resistant 

material over top half of pipe on each side of the coating holdback to protect 
from weld spatter.  For internal welds, comply with lining manufacturer’s 
recommendations for protecting lining during welding activities. 

 
3.3 FIELD REPAIR AND TOUCHUP 

 
A. Apply repair and touchup materials in conformance with manufacturer’s 

recommendations. 
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B. Maximum number, size, and combined area of all field repairs shall not 

exceed the same limits as per shop repairs herein. 
 

C. Repair Procedure – Joints: 
 

1. External Joints. Provide heat shrink sleeve in accordance with Section 
33 11 13.02 Steel Pipe and Fittings for Large Diameter Water Lines. 
Metal surface must be free of all dirt, dust, and surface corrosion prior 
to sleeve application. Where corrosion in the holdback area is visible, 
prepare surface in accordance with SSPC-SP11, Power Tool Cleaning 
to Bare Metal for steel pipe, or NAPF 500-03-03 Power Tool Cleaning 
for ductile iron pipe. 

 
 

D. Repair Procedure – Field Defects: 
 

1. Repair Materials (subject to Engineer’s approval): 
 

a. Heat-applied repair patches 
 

b. Single use polyurethane lining or coating kits that control mix 
ratios 

 
c. Lining or coating manufacturer’s polyurethane repair products 

 
2. Repair Procedures: 

 
a. Solvent clean in accordance with SSPC-SP1 for steel pipe or 

NAPF 500-03-01 for ductile iron pipe. 
 

b. Power tool clean in accordance with SSPC-SP11 for steel pipe 
and NAPF 500-03-03 for ductile iron pipe. Feather the lining or 
coating and provide overlap in accordance with a 
manufacturer’s recommendations. 

 
c. Apply repair material as described above in accordance with 

manufacturer’s recommendations. 
 

d. If a heat-applied repair patch is used, do not overlap patches or 
use more than one patch for a single repair. If repair area 
exceeds the size of a single patch, use alternate repair method 
as listed above. 

 
E. Repair Procedure - Thermite Brazed Connection Bonds: 
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1. Remove polyurethane coating with power wire brush from area on 
metal surface which is to receive thermite brazed connection. 

 
2. Grind metal surface to shiny metal with power grinder and coarse grit 

grinding wheel. 
 

3. Apply thermite-brazed connection using equipment, charge and 
procedure recommended by manufacturer of thermite equipment. 

 
4. Drape minimum 18-inch wide strip of heat-resistant material over top 

half of pipe on all sides during welding to protect from weld spatter. 
 

5. After welded surface has cooled to temperature below 130 degrees F, 
apply protective lining or coating repair material to weld, exposed pipe 
surface and damaged areas of polyurethane lining or coating. A heat-
applied repair patch may be used as approved by Engineer. 

 
6. Do not cover or backfill freshly repaired areas of coating at thermite-

brazed connections until repair material has completely cured. Allow 
material to cure in conformance with manufacturer's 
recommendations. 

 

 

END OF SECTION 
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SECTION 09 91 00 

PAINTING AND PROTECTIVE COATING 

PART 1 GENERAL 

 SUMMARY 

 This Section describes the furnishing and application, as specified herein, of 
paint and protective coatings to all new surfaces, except architectural painting 
and chemical area painting, unless specifically excluded by notes shown on 
the Plans. Refer to Specification Section 09 91 10 for architectural painting. 
Refer to Specification Section 09 96 60 for chemical storage, unloading and 
feed area painting. 

 The Contractor shall furnish all labor, material and equipment of any kind 
required to perform surface preparation and painting on the project as 
hereinafter set forth.  The Contractor shall provide materials and labor to 
deliver the Work.  Painting shall be performed at such times and in such 
places as the Contractor and Engineer may agree upon in order that dust-free 
and neat work is obtained.  All painting shall be done in strict accordance with 
the recommendations of the Manufacturer and shall be performed in a manner 
satisfactory to the Engineer. 

 Perform surface preparation, application and inspection of paint and protective 
coatings to all surfaces noted in “Attachment A”, and the Painting Schedules in 
the Plans and in other instructions. 

 Paint all new construction and any existing facilities as shown in the Plans or 
as designated by the Project Manager.  Do not paint surfaces of stainless 
steel, aluminum, bronze, copper, nickel, Monel, rubber, plastic, chromium, or 
lead. 

 MEASUREMENT AND PAYMENT 

 No separate payment for Work performed under this Section.  Include 
payment for this work in the lump sum base bid. 

 REFERENCES 

 This specification references the following publications in their current editions.  
The publications listed below form a part of this specification to the extent 
referenced.  The publications are referred to in the text by basic designation 
only. 

 ASTM D4442:  Standard Test Methods for Direct Moisture Content 
Measurement of Wood and Wood- Based Materials 

 ASTM D4444:  Standard Test Method for Laboratory Standardization and 
Calibration of Hand-Held Moisture Meters 

 ASTM D4285:  Standard Test Method for Indicating Oil or Water in 
Compressed Air 
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 ASTM D4940:  Standard Test Method for Conductimetric Analysis of Water 
Soluble Ionic Contamination of Blast Cleaning Abrasives 

 NFPA 101: Life Safety Code 

 NSF/ANSI 61:  Drinking Water System Components – Health Effects 

 OSHA 29 CFR 1910.144:  Safety Color Code for Marking Physical Hazards 

 SSPC AB 1:  Mineral and Slag Abrasives 

 SSPC SP 1:  Solvent Cleaning 

 SSPC SP 2:  Hand Tool Cleaning 

 SSPC SP 3:  Standards for Surface Preparation Specification No. 3 - Power 
Tool Cleaning 

 SSPC SP 5/NACE No. 1:  Standards for Surface Preparation Specification No. 
5 - White Metal Blast Cleaning 

 SSPC SP 6/NACE No. 3:  Standards for Surface Preparation Specification No. 
6 - Commercial Blast Cleaning 

 SSPC SP 7/NACE No. 4:  Standards for Surface Preparation Specification No. 
7 - Brush-off Blast Cleaning 

 SSPC SP 10/NACE No. 2:  Standards for Surface Preparation Specification 
No. 10 – Near-White Metal Blast Cleaning 

 SSPC SP 13/NACE No. 6:  Standards for Surface Preparation Specification 
No. 13 - Surface Preparation of Concrete 

 SSPC Painting Manual:  Good Painting Practice Steel Structures- Painting 
Manual, Volume 1 and Volume 2 

 SSPC VIS 1:  Guide and Reference Photographs for Steel Surfaces Prepared 
by Dry Abrasive Blast Cleaning 

 TCEQ 30 TAC 290.38-47:  Rules and Regulations for Public Water Systems 

 TCEQ 30 TAC 101.211:  Scheduled Maintenance, Startup, and Shutdown 
Reporting and Recordkeeping Requirements 

 TCEQ 30 TAC 111.131-139:  Abrasive Blasting of Water Storage Tanks 
Performed by Portable Operations 

 In addition to the above references, State, Local and Federal codes which 
address the handling, storage, application and disposal of abrasives, 
protective coatings and coating related materials are applicable. 

 Any conflicts between specifications related to the work, Coating 
Manufacturer's data and these referenced specifications shall be presented in 
writing to the Project Manager for resolution prior to beginning work. 
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 SUBMITTALS 

 Submit the following in accordance with Section 01 33 00 – “Submittal 
Procedures.” 

 Painting Schedule:  

1. Submit list indicating major items to be painted, surface preparation, 
paint manufacturer, product designation, dry mil thickness, and details 
of holiday detection for submerged surfaces.  Submit a plan for 
protecting existing devices and facilities prior to starting Work. 

 Panels: 

1. If requested by the Owner, submit panels containing samples of 
proposed paints and coatings.  Include three displays of each kind and 
color of paint used.  Panel to be representative of material to be coated. 

2. Mark panels to indicate respective types of surfaces to which several 
kinds and colors of paint, stain, and coating are applied. 

 Samples: 

1. If requested by the Owner, submit 1/4 pint of each batch number of 
each kind of paint or stain proposed for use.  Do not deliver materials to 
site until representative samples (if requested) have been approved. 

 For all sealers and protective coatings, furnish Engineer with Manufacturer’s 
technical data sheets and application procedures. 

 Submit certification of Coating Manufacturer that primer, pigments, sealants, 
and coatings incorporated into work contain no lead. 

 Submit letter certifying coatings and caulk to be applied to interiors of piping 
and equipment, included as work under this Section, are approved by the 
National Sanitation Foundation (NSF) and are listed in the latest volume of the 
NSF/ANSI 61. 

 Submit certification from Manufacturer or supplier of abrasive blast media that 
media contain less than 1 percent free silica. 

 Submit evidence of notification of the appropriate office of the Texas 
Commission on Environmental Quality (TCEQ) prior to abrasive blast cleaning.  
TCEQ notification to be in accordance with requirements of TCEQ 30 TAC 
101.211. 

 Coordinate Scope of Work with Texas Commission on Environmental Quality 
(TCEQ).  Submit a copy of TCEQ Contractor Permit or certificate stating that 
no TCEQ Permit was required. 

 Submit results of all soil and paint samples. 

 RELATED REQUIREMENTS 

 Section 01 33 00 – “Submittal Procedures” 
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 QUALITY ASSURANCE 

 Manufacturer:  

All paints, sealers, and coatings to be manufactured by those firms listed in 
“ATTACHMENT B.”  Products of equal quality by other manufacturers will be 
considered, subject to review of written submittal to the Engineer within 15 
days of Contract award that includes product data and a detailed paint and 
coating schedule.  No request for substitution will be considered which 
decreases the film thickness and/or the number of coats to be applied, or 
which offers a change from the generic type of coating specified.  Request for 
substitution shall contain the following: 

1. Full name of each product 

2. Descriptive literature 

3. Directions for use 

4. Generic type 

5. Nonvolatile content by volume 

 Bidders desiring to use paints other than those specified shall submit their 
proposal based on the specified materials, together with the information noted 
above, and indicate the sum which will be added to or deducted from the base 
bid, should the alternate materials be acceptable. 

 Workmanship: 

1. Furnish workers who perform quality work and who are experienced 
and knowledgeable in the surface preparation and application of high-
performance industrial coatings.  Submit list of five similar projects 
which have been prepared and coated by the personnel to be 
employed for this project. 

2. Provide Manufacturer's written instructions on cleaning and coating 
prior to any surface preparation or coating. 

3. Workmanship shall be of first class quality.  Finish painting shall show 
no drips, runs, sags, holidays, or other defects.  The finish coat shall be 
free from noticeable laps or brush marks. 

4. Paint during application shall be continuously stirred and no thinner 
shall be added after the paint has been mixed.  Paint shall be 
thoroughly worked into all joints, corners, and well brushed out over all 
surfaces. 

5. Should any coat of paint be judged unsatisfactory, the Contractor shall 
remove the coat(s) as necessary and repaint at no additional cost to the 
Owner. 

6. Paint application procedures shall conform to the standards of 
craftsmanship discussed in the SSPC Painting Manual. 
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 To the maximum extent possible allowed by ”ATTACHMENT A” and 
“ATTACHMENT B,” all coatings should be from one Manufacturer.  Unless 
otherwise specified, coating materials for a specific surface or piece of 
equipment shall be from a single Manufacturer. 

 All coatings provided for use on this project in the field or from equipment 
suppliers shall be in compliance with local, state, and federal government 
laws, regulations and ordinances related to items such as lead, chromate, 
carcinogens and volatile organic compounds.  All coatings in potable water 
service to meet NSF/ANSI 61 standards for potable water service, and must 
be certified by an organization accredited by ANSI. 

 The Contractor shall provide applicable Material Safety Data Sheets (MSDS) 
for all materials used in accordance with SARA Title III, Employee-Right- To-
Know information as required by all Federal and State Statutes.  

 Surface preparation and application standards shall comply with the 
requirements of the SSPC Painting Manual (including Commentary sections 
and Appendices), NACE International, the printed instructions of the Coating 
Manufacturer, and these Specification Sections.  The Project Manager shall be 
consulted regarding any situations not covered by these reference standards 
or this Section.  Where the foregoing standards, recommendations, and 
Specification Sections are conflicting, said conflicts shall be brought to the 
attention of the Project Manager.  Published manufacturer’s recommendations 
shall be adhered to unless changed in writing by the home office of the 
Manufacturer.  

 Painting and Cleaning 

1. Interior field cleaning and painting to be performed in the presence of 
the Owner’s designated representative. 

2. Contractor is responsible for providing the Owner with a surface 
preparation and painting schedule prior to commencing work.  Give a 
minimum of 72 hour notice before beginning said work. 

3. Surface preparation, paint application, and paint curing procedures to 
be in accordance with Paint Manufacturer’s written instructions. 

 Quality Control, i.e., all testing and inspection is to be performed by and shall 
be the responsibility of the Contractor, and shall be in accordance with the 
procedures stated and referenced herein.  Quality assurance, i.e., confirmation 
of all tests and inspections, shall be by the Engineer, who shall require or 
conduct additional tests or inspections as may be deemed necessary to obtain 
the level of performance required by this specification. 

 A pre-painting conference shall be held at the job site prior to the start of 
application of any chemical resistant concrete coatings.  The Coating 
Manufacturer and coating applicator shall attend the conference in addition to 
the Contractor, Engineer, and Owner.  The pre-painting conference will not be 
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scheduled until all applicable coating submittals have been returned to the 
Contractor with no objections noted. 

 Correction of Work 

1. Correct the work for a period of one year if it becomes unserviceable or 
objectionable in appearance, as a result of being defective or 
nonconforming. 

2. Defects shall include, but not be limited to the following: 

a. Discoloring noticeably by yellowing, streaking, blooming, 
changing color or darkening 

b. Mildewing 

c. Peeling, cracking, blistering, alligatoring, or releasing from the 
substrate 

d. Chalking 

e. Changing sheen 

f. Softening or becoming tacky 

 DELIVERY, STORAGE, AND HANDLING 

 Deliver to site in original sealed containers with Manufacturer’s label attached 

 Materials to be stored on site in location approved by the Owner 

 Materials to be protected from weather, sunlight, and low temperatures 

 All paints shall be properly prepared by the Manufacturer and delivered to the 
site for field painting in the original unbroken containers with Manufacturer’s 
label plainly printed thereon.  Containers, which are broken, opened, water-
marked and/or contain caked, lumpy or otherwise damaged materials are 
unacceptable and shall immediately be removed from the work site. 

 The Contractor shall exercise every precaution in the storing of paints, 
solvents, cleaning fluids, rags, and similar materials, as to eliminate the risk of 
spontaneous combustion or other hazardous conditions.  Portable fire 
extinguishing equipment shall be provided in a convenient location for 
emergency access.  All painting materials stored on the job site shall be stored 
in a location outside of the work area.  The Contractor shall take all safety 
precautions in accordance with NFPA Bulletin No. 101 and all federal, state, 
and local regulations. 

 Storage areas to be kept clean and free of fire hazard.  At the end of each 
work day, oil rags, waste paper, abrasive blast cleaning material and other fire 
hazards to be removed and disposed of by Contractor in accordance with 
applicable regulations. 

 PROJECT SITE CONDITIONS 

 Surfaces receiving paint include: 
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1. Equipment, machinery, piping, conduit, and metal surfaces 

2. Interior surfaces, as noted in room finish schedule 

3. Concrete surfaces, including concrete blocks (when noted on Plans) 

4. Threads on galvanized pipe and conduit 

5. All cabinet and woodwork 

6. Interior concrete surfaces of lift station wet wells 

7. Chemical storage, unloading and feed areas (see Specification Section 
09 96 60 for coating requirements).   

 Do not paint surfaces of stainless steel, aluminum, bronze, copper, and lead. 

 Galvanized Steel Surfaces:   

 Paint only when required by Special Provisions to this Section or where 
included on finish schedule or shown elsewhere on Plans. 

 Existing Utilities, Structures and Properties: 

 It shall be the responsibility of the Contractor to locate and avoid damage to 
any and all existing water, gas, sewer, electric telephone, and other utilities, 
structures, or appurtenances.  The Contractor shall repair or pay for all 
damages caused by his operations or his personnel to existing utilities, 
structures, appurtenances, or properties, either below ground or above ground 
and shall settle in full all damage suites which may arise as a result of his 
operations. 

 WARRANTY 

 All Painting and protective coatings shall have a one-year warranty unless 
otherwise stipulated by the Plans and/or Contract Documents. 

PART 2 PRODUCTS 

 MANUFACTURER(S) 

 See “ATTACHMENT A” and “ATTACHMENT B” for manufacturers, types, 
surfaces by exposure to be painted, the paint system to use and minimum dry 
mil thickness. 

 Products of a manufacturer other than those named may be accepted if proof 
is submitted, prepared by an independent testing laboratory that the products, 
item by item, are the same generic type and equal to those specified in 
composition, durability, utility, coverage, and appearance for the intended use. 

 MATERIALS AND/OR EQUIPMENT 

 “ATTACHMENT A" and "ATTACHMENT B” in this Section include the paint, 
protective coatings, and sealers for this project.  Furnish all such special 
materials required for the Manufacturer's coating systems whether or not 
included in Tables. 
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 The combination of coating and thinner shall not exceed 3.5 pounds per gallon 
of volatile organic compound. 

 All primers, protective coatings, sealants, and pigments used for this project 
shall contain no lead. 

 Painting and Color Coding: 

1. Use colors and signs to identify all piping that are exposed to view in 
buildings or tunnels, above suspended ceilings, or exposed above 
grade, and all outdoor piping.   

2. Identify each pipe by a color complying with the schedule of colors 
identified in Paragraphs 2.01.E and 2.01.F and by applied markers. 

3. Coat pipes in the number of coats and type of material specified.  Base 
coats for pipeline painting may be the same neutral color.  Make each 
succeeding base coat a slightly different color.  For the final coat, 
comply with the pipe identifying color schedule specified below. 

 Colors:   

Colors are to be approved by the Owner.  Contractor shall submit a current 
chart of the Manufacturer’s available colors to the Project Manager  and 
receive approval prior to the start of coating and painting operations.  
Contractor shall submit a list of items to be painted and color charts for each 
type of surface. 

 Safety Color Codes:   

Follow OSHA 29 CFR 1910.144 for “Safety Color Codes for Marking Physical 
Hazards.”  The following general requirements are set forth as a guide. 

1. Red:   

Fire protection equipment, danger signs, and fire exit signs.  Portable 
containers of flammable material to be red with yellow band or name of 
contents stenciled in yellow. 

2. Orange: 

Moving or rotating parts of equipment protected by guards, including 
shafts and couplings, pulleys, and sprockets.  (Do not paint wearing 
surfaces.) 

3. Yellow: 

Caution signs and all physical hazards, including outside levers and 
weights on check valves, lower pulley blocks and hooks, sprockets and 
chains on valve operators, inside of openings adjacent to step or 
ladders, platforms provided for vertical ladders at transition levels, 
exposed unguarded edges of pits, platforms and walls subject to being 
struck, and any piping or equipment extending into normal operating 
areas. 

4. Green: 
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To designate “Safety” and location of first aid equipment such as gas 
masks, first aid kits, and safety deluge showers. 

5. Black and White:   

To indicate areas that must remain clear, such as areas around first aid, 
fire fighting, and other emergency equipment. 

 Water Plant Piping Codes: 

Color codes used in painting water plant piping to conform to TCEQ 30 TAC 
290.38-47. 

 Pipe Identification Markers: 

1. Identify all pipes with applied signs or markers at 15-foot centers, at 
both sides of penetrated walls or floors, adjacent to valves, at 
connected equipment, at branch fittings, and in congested pipe layouts. 

a. Apply markers consisting of signs with legends as follows: 

Outside Diameter of 

Pipe or Covering 

(Inches) 

Length of 

Color Field 

(Inches) 

Size of 

Letters 

(Inches) 

3/4 to 1-1/4 8 1/2 

1-1/2 to 2-3/8 8 3/4 

2-1/2 to 5-7/8 12 1-1/4 

6 to 7-7/8 12 1-1/4 

8 to 10 24 2-1/2 

Over 10 32 3-1/2 

b. As pipe markers use semi-rigid outdoor grade acrylic plastic, 
Seton Name Plate Corp. "SetMark," or equal.  Use Type SNA for 
outside diameters 3/4 through 5-7/8 inches and Type STR for 6-
inch outside diameter or larger.  For pipes or pipe covering less 
than 3/4-inch in diameter, use applied marker or brass 
identification tags 1-1/2-inches square with depressed letters 
1/4-inch high, black-filled.  Apply tightly to pipeline with metal or 
plastic straps. 

 Abrasive Blast Materials 

1. Mineral and slag abrasive materials shall conform to the requirements 
of SSPC AB 1.  Abrasives are to be Class A, less than 1% crystalline 
silica.  The conductivity of the abrasive (indicative of water-soluble 
contaminants) shall not exceed 500 microsiemen (microhms) when 
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tested in accordance with ASTM D4940.  Abrasives for all surfaces will 
be tested. 

2. The Contractor shall provide to the Engineer qualifications and 
conformance testing performed and documented in accordance with 
prior to using the abrasive materials. 

3. The abrasive shall also be of a grit size to produce the profile specified 
by the Paint Manufacturer for the coating system being applied. 

4. Abrasive shall be properly stored and shall be free from contaminants. 

5. No abrasives may be recycled for use again on this project because of 
the possibility of chloride contamination. 

6. All abrasives must be delivered to the jobsite in moisture-proof bags or 
airtight bulk containers.  Bags and/or containers shall be clearly labeled 
with the Manufacturer’s name and address and the content. 

PART 3 EXECUTION 

 PREPARATION 

 All surface preparation for shop and field application shall be in accordance 
with “ATTACHMENT A” and this Section.  Substrate surface profile on all 
metal surfaces shall be as recommended by the Coating Manufacturer for the 
product used to insure maximum integrity of the applied system, and is to be 
determined by replica tape test.  Examining substrate materials for moisture 
content, high alkali, smoothness, foreign materials, and dirt.  Fill cracks 
between floors, walls, ceiling, and other structures except when sealant is 
called for by specifications herein or in other Sections. 

 All equipment and structures adjacent to or in the vicinity of the surface 
preparation and coating work area, i.e., motors, pumps, bearings, electrical 
enclosures, etc., shall be protected from damage by abrasive dust, overspray, 
etc.  Any equipment damage by negligence of protection shall be repaired or 
replaced to the satisfaction of the Owner at the Contractor’s expense. 

 All work areas and areas adjacent to work areas where abrasive blasting is 
conducted, e.g., walls, ceilings, floors, basins, etc., shall be thoroughly cleaned 
of all blast debris, dust, and foreign material to the satisfaction of the Engineer 
at the completion of the work.  The Contractor shall divert storm water from the 
surface preparation area from entering the drainage system of the vault by 
pumping directly to the point of disposal. 

 Verify site conditions 

 Verify that surfaces and substrate conditions are ready to receive work as 
instructed by the product Manufacturer. 

 Examine surfaces scheduled to be finished prior to commencement of work.  
Report any condition that may potentially affect proper application. 

 Test shop applied primer for compatibility with subsequent cover materials. 
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 Measure moisture content of surfaces using an electronic moisture meter per 
requirements of ASTM D4442 and ASTM D4444.  Do not apply finishes unless 
moisture content of surfaces is below the following maximums or per 
Manufacturer’s recommendations: 

1. Plaster and Gypsum Wallboard: 12 percent. 

2. Masonry, Concrete, and Concrete Unit Masonry: 12 percent. 

3. Interior Wood: 15 percent, measured in accordance with ASTM D4442 
and ASTM D4444. 

4. Exterior Wood: 15 percent, measured in accordance with ASTM D4442 
and ASTM D4444. 

5. Starting work constitutes acceptance (on the Contractor's part) of 
conditions and substrates and full responsibilities for the quality and 
suitable for the finished work. 

 Concrete Surfaces: 

1. Prior to painting, surfaces (including masonry and block) to be free of all 
laitance matter, burrs, and fins, using one or more of the following 
methods as per SSPC SP 13. 

a. Dry abrasive blasting is acceptable when particle size is suitable 
to achieve the desired surface profile.  Equivalent surface profile 
of 40-60-grit sandpaper is acceptable provided minimal substrate 
damage and machinery or other equipment in the vicinity of work 
is adequately protected.  

b. Abrasive blasting may be used only if machinery or other 
equipment in vicinity of work is adequately protected either by 
covering adjacent areas or by the use of self recovering blasting 
equipment.  Also, avoid settling of dust or grit on freshly painted 
surfaces. 

c. Remove oil, grease and other deleterious contaminants with 
detergent, steam cleaning or other suitable means and 
thoroughly rinse with fresh water. 

d. Burrs, fins and other deleterious irregularities not removed by 
initial surface preparation shall be stoned or ground smooth. 

e. Wash concrete surfaces with 10 percent solution of muriatic acid, 
then wash clean and free of scale, mortar, dust, moisture, and 
other foreign matter. 

f. Concrete surface shall be allowed to cure 28 days and shall be 
clean and dry 

g. Remove debris by vacuuming 

2. Curing compounds, if used, must be compatible with the coating 
specified.  The Contractor shall provide documentation of compatibility 
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from the Coating Manufacturer and/or removal procedures with test 
criteria to ensure cleanliness requirements.  If curing compound is 
used, it must be removed prior to coating. 

 Metal Surfaces: 

1. Clean metal surfaces by abrasive blasting in shop as required by 
“ATTACHMENT A” and leave clean, dry, and ready to receive prime 
coat.  Provide moisture separators to effectively remove all oil and free 
moisture from air supply.  Cleanliness of air shall be tested by impinging 
an abrasive-free air stream onto a white cloth for 1 minute.  If oil or 
moisture is detected, the source of air shall be shut down and 
corrected. 

2. All dust and abrasives shall be removed from surfaces by brushing or 
blowing with clean, dry air.  All abrasive grit shall be removed from 
around and between joints of connecting members. 

3. Removal of oil and grease:  

Oil and grease shall be removed prior to blasting by solvent cleaning or 
steam cleaning in accordance with SSPC SP 1.  Solvents are to be 
NSF/ANSI 61 approved for contact with potable water.  Cleaned 
surfaces shall be tested with black light to verify oil and grease removal.  
After cleaning, the surfaces shall be kept free of all oil, grease, dirt and 
other contaminants. 

4. Perform field abrasive blasting only when repainting existing metal 
surface or if required to correct unsatisfactorily cleaned and shop-
primed metal and when approved by the Project Manager. 

5. Provide moisture separators to effectively remove all oil and free 
moisture from air supply.  Remove all dust and grit from surfaces by 
brushing or blowing with clean, dry air, and remove all grit around and 
between joints of connecting members.  Air quality shall be checked 
each day in accordance with ASTM D4285. 

6. Brushing, Scraping, Grinding, and Chipping:   

In field work, if abrasive blasting is not possible, scrapers, wire brushes, 
and other suitable grinding or chipping tools may be used (in 
accordance with SSPC SP 2 or SSPC SP 3) for removal of existing 
paint coatings prior to repainting, or for cleaning, before applying 
second coats. 

7. Subsequent to achieving the specified surface preparation and prior to 
coating application interior, wetted surfaces must be confirmed free 
from surface contaminants, visible and non-visible, to a level of less 
than 7 μg/cm2 as sodium chloride. Surfaces will be tested by the 
Owner’s laboratory for evidence of surface contaminants including 
soluble iron and salts such as chlorides.  A minimum of one test for 
every 1,000 square feet of area will be performed.  Contractor is to 
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insure work area is dust free at the time of the test and that the surfaces 
to be tested are clean. 

8. Galvanized surfaces to be re-galvanized shall be stripped cleaned by 
pickling in an acid base prior to regalvanizing.  Contractor is responsible 
for straightening and realigning fabricated structures after regalvanizing. 

9. Surface to be coated on same day as cleaned and before rust bloom 
occurs.  Surfaces which have been cleaned but which have started to 
show signs of rust or dirt are to be cleaned again prior to coating at no 
additional expense to Owner. 

10. All surfaces shall be at least 5°F or higher above the dew point and 
remain this way when blasting, priming, or coating. 

11. No paint shall be applied when it is expected that the surface 
temperature will drop below the Manufacturer’s recommendation within 
4 hours after the application of the paint. 

12. Dew or moisture condensation should be anticipated, and if such 
condition are prevalent, painting shall be delayed until it is certain that 
the surface is dry; further, the days painting shall be completed well in 
advance of the probable time of day when moisture condensation will 
occur, in order to permit the film the required drying time prior to the 
formation of moisture. 

 Drywall 

Spackle all scratches, nail holes, dents, and other abrasions.  When dry, sand 
surfaces smooth and vacuum clean.  Spot prime defects after repairs. 

 Wood Surfaces 

1. Interior Wood Items Scheduled to Receive Paint Finish: 

Wipe off dust and grit prior to priming. Seal knots, pitch streaks, and 
sappy sections with sealer. Filler nail holes and cracks after primer has 
dried; sand between coats. 

2. Exterior Wood Scheduled to Receive Paint Finish: 

Remove dust, grit, and foreign matter. Seal knots, pitch streaks, and 
sappy sections. Fill nail holes with tinted exterior caulking compound 
after prime coat has been applied. 

 General 

1. Degree of Cleanliness and Surface Profile: 

a. All surfaces that are abrasive blasted shall be completed to the 
degree specified for a given area.  The profile thus obtained may 
be verified with replica tape such as Tes-Tex Coarse or Extra 
Coarse Press-O-Film Tape. 
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b. The standard of cleanliness for the surface preparation shall be 
evaluated with the use of: SSPC VIS 1; Swedish Pictorial 
Standards; or Visual Standards in SSPC SP 5/NACE No. 1, 
SSPC SP 6/NACE No. 3, SSPC SP 7/NACE No. 4 and SSPC 
SP 10/NACE No. 2. 

c. All dust and abrasive shall be removed from freshly blasted 
surfaces by brushing, or blowing with clean dry air, paying 
special attention to corners and joints of connecting members 
prior to coating. 

2. Abrasive Blast Cleaning: 

a. Blasting shall progress in such a manner that the area cleaned 
shall not exceed the area that can be coated in the same day.  
Blasting shall not be performed if the surface may become wet 
before coating commences or when the surfaces are less than 
5ºF above the dew point, determined as outlined elsewhere in 
these Specification Sections. 

b. Only where abrasive blast cleaning is not possible, and subject 
to approval of the Owner, will power scrapers, wire brushes, or 
other grinding or chipping tools be permitted. 

c. Contractor shall be responsible for taking all necessary 
precautions to protect adjacent plant facilities and all adjacent 
properties from abrasive blast debris (abrasive and removed 
paint), as described in Part 3.09 of this Section. 

3. Surfaces which have been cleaned, but which have started to show 
signs of rust or dirt are to be cleaned again prior to coating at no 
additional expense to the Owner 

4. If surfaces to be coated cannot be put in proper condition for coating by 
customary cleaning and abrasive blasting operations, notify the 
Engineer in writing prior to coating application. 

 ERECTION/INSTALLATION, APPLICATION AND/OR CONSTRUCTION 

 General:  

1. Use one convenient location for storing and mixing of materials, and 
keep fire extinguisher available in this area as long as location is used 
for such purpose.  Protect floors, and all other areas where work is 
done, with suitable drop cloths, and remove oily rags and waste from 
building and legally dispose of in accordance with state and local 
regulations at close of each day’s work. 

2. Mixing, thinning, and application to be in accordance with 
Manufacturer’s printed instructions 

3. On completion of operations, remove all spots, oil, and stain from all 
surfaces and leave entire project in clean condition as far as this work is 
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concerned.  Remove from premises all containers and debris resulting 
from this work and legally dispose of in accordance with state and local 
regulations.  

4. Follow Manufacturer’s safety precautions. 

5. The application of each coating shall be within the limits of applicable 
ambient temperature, surface temperature, relative humidity and other 
conditions required to achieve proper adhesion and cure in accordance 
with the Manufacturer's published or written certified instructions. 

 Quality of Paint Applications: 

1. All coatings shall be applied in accordance with Manufacturer’s 
recommendations and the specifications as outlined herein, using the 
best state-of-the-art techniques that will result in a finish containing 
uniformity and integrity, and a finish that is free of runs, sags, curtains, 
pinholes, orange peel, fish eyes, excessive overspray, or 
delaminations. 

2. Any defects detrimental to the life or appearance of the coating shall be 
removed and repaired.  

 Thinners and Solvents:   

Use only those thinners and solvents specified in paint formulas of paint being 
used and mix in proportions recommended by Paint Manufacturer. 

 Weather: 

1. No coating work to be done under unfavorable weather conditions 
unless the work is under cover, well protected, and specific approval 
from Project Manager is obtained. 

2. No coating or paint to be applied when the surrounding air temperature 
or the temperature of the surface to be coated is below 50°F or less 
than 5°F above the dew point. 

3. No coatings to be applied to wet or damp surfaces or in rain, snow, fog, 
or mist. 

4. No coatings to be applied when it is expected that the ambient air 
temperature will fall below 50°F or less than 5°F above the dew point 
within 6 hours after application of coatings or paints. 

5. No coating to be applied when the relative humidity is above 85 
percent.  Relative humidity and dew point to be measured by use of a 
Sling Psychrometer in conjunction with U.S. Department of Commerce 
Weather Bureau Psychometric Tables. 

6. If the above conditions are prevalent, blasting, coating, or painting 
operations to be delayed until weather conditions are favorable. 

7. If there is not full-time resident inspection on the project, the Contractor 
shall have wet bulb-dry bulb measuring equipment and steel 



                                                                                                                                       WHCRWA 
PAINTING AND PROTECTIVE COATINGS                                      CENTRAL PUMP STATION 

WHCRWA CENTRAL PUMP STATION 
PAINTING AND PROTECTIVE COATING 

09 91 00 - 16 OF 28 

temperature measuring equipment on the job at all times.  Readings 
shall be recorded at the beginning of each painting session and at no 
less than 4-hour intervals. 

8. Wind velocities during the exterior painting shall be compatible for the 
quality application of the exterior coatings. 

9. No paint shall be applied when it is expected that the surface 
temperature will drop below the Manufacturer’s recommendation within 
6 hours after the application of the paint. 

10. Minimum Application Temperature for Latex Paints: 45ºF for interiors; 
50ºF for exterior; unless required otherwise by Manufacturer's 
instructions. 

11. Minimum Application Temperature for Varnish Finishes: 65ºF for interior 
or exterior, unless required otherwise by Manufacturer's instructions. 

12. Provide lighting level of 80-ft candles measured mid-height at substrate 
surface, unless required/recommended otherwise by Manufacturer's 
instructions. 

 Coverage: 

1. As recommended by Paint Manufacturer and sufficient to obtain 
minimum mil thickness specified.  Do not exceed maximum thickness 
specified by Manufacturer, if applicable.  After final coat is applied, 
check with non-destructive dry film thickness gauge. 

2. The thickness of the primer and intermediate coating is essential to the 
systems integrity.  The addition of mils in a succeeding coat to make up 
for thin preceding coat(s) will not be allowed except where required to 
hide the underlying color. 

3. Dry mil thickness thicker than the specified allowable will also be 
considered to be not in compliance with the specifications if it will be 
detrimental to the appearance, or recoatability of the system, unless 
required for the uniformity of color. 

 Curing / Drying Time: 

1. Each coat of paint shall be allowed to either dry or cure for the amount 
of time recommended by the Coating Manufacturer before successive 
coats of paint are applied. 

2. All successive coats of paint shall be applied within the recoat threshold 
time as recommended by the Coating Manufacturer. 

3. Any change in this procedure shall be per the Coating Manufacturer 
recommendation and with written approval of the Project Manager. 

 Brush Application 

1. Brushes:   
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Use first-quality hog hair or suitable synthetic bristle brushes.  Use of 
horsehair bristle brushes not permitted.  Keep brushes clean and free 
from accumulation of dried paint or dirt, and when brushes for oil or 
varnish base paints are not in use, keep them suspended in raw linseed 
oil bath.  Clean brushes with proper solvent before reuse. 

2. Application: 

Apply in uniform thickness consistent with specified coverage and with 
sufficient cross-brushing to ensure filling of surface irregularities.  Apply 
free of brush and roller marks, bubbles, runs, sags, holidays, and other 
irregularities.  Exercise particular care in painting around bolt heads and 
nuts and in comers and other restricted spaces.  The completed 
product shall be uniform in color, texture, and sheen.  Apply with 
straight cut-in lines free of smears, splatters, runs over adjoining colors 
and material. 

 Conventional Spray Application: 

1. Air used for conventional spray guns to be clean and dry.  Apply with 
adjustable air gun equipped with suitable water trap to remove moisture 
from compressed air, and with paint pot having air driven or mechanical 
agitator. 

2. Paint application procedures to conform to the standards of 
craftsmanship discussed in the SSPC’s Painting Manual, Volume 1, 
Good Painting Practice.  These techniques include, but are not limited 
to, multiple passes of the spray gun with each pass overlapped 50 
percent and “Cross Hatching” successive coats of paint. 

3. Supply with width of spray adequate to coat the applicable surface with 
suitable pressure for the particular type of paint being used. 

4. Each coat of paint to be allowed to either dry or cure the amount of time 
recommended by the Coating Manufacturer before successive coats of 
paint are applied.  All successive coats of paint to be applied within the 
recoat threshold time as recommended by the Coating Manufacturer. 

5. Make frequent checks to ensure correct spreading rate and coating and 
apply without sags, runs, or “orange peel” effect.  Correct all such 
imperfections.  Take special care to cover edges, corners, and bolt 
heads, without bridging over of paint film. 

6. All equipment to be used by the painting Contractor to be capable of 
and designed for the purposes for which the equipment is to be used.  
Safety devices and gauges on the spray equipment to be in proper 
working order and function equal to new equipment. 

7. Contractor responsible for ensuring no overspray from spray application 
contacts other plant equipment and facilities or adjacent property as 
described in Part 3.09 of this Section. 
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 Airless Spray Application: 

1. Equipment used for airless spray shall be designed for and capable of 
handling the volume and pressures necessary to ensure smooth and 
proper application. 

2. Hoses shall be specifically designed for the viscosity of the material 
being sprayed and shall be of the nonstatic, self-grounding type. 

3. Tips shall be properly sized to ensure complete atomization and the 
spray pattern shall be continuous and free of all fingering effects. 

4. Spraying techniques that result in a uniform wet pattern shall be used 
and dry spraying should be avoided.  Dry spray shall be removed prior 
to coating being applied. 

5. Follow guidelines described in Part 3.03.H of this Section for proper 
application methods, standards, drying times, reapplication, and checks 
for correct spreading rates and coatings. 

 Roller Application: 

1. Proper length nap rollers shall be used to ensure a smooth application 
free of runs, sags, roller marks, or air bubbles. 

2. Use longer nap for rougher surfaces when specified on Plans. 

3. Phenolic core lamb’s wool type rollers shall be used when 
polyurethanes, epoxies, or other types of activated coatings are applied 
by roller. 

4. Standard type rollers shall be used on water based and enamel 
coatings. 

5. Rollers shall be of sufficient quality to leave finished surfaces free of 
lint, roller nap, runs, sags, and other imperfections. 

6. Roller core and fiber to be of a material not subject to degradation by 
the solvents or coating used. 

7. Roller not to exceed 18 inches in length 

 Metal Surfaces: 

1. Shop prime metal surfaces, if required, prior to delivery to jobsite 

2. After delivery and prior to installation, keep all coated metal surfaces 
clean and free from corrosion.  Clean and touch up or repaint damaged 
areas with additional primer. 

3. After erection or installation of metal work, clean and touch up all rust 
spots, all places where primer has been rubbed or scraped off, and all 
bolts and nuts.  After previously applied paint has hardened, and when 
surfaces to receive succeeding coats of paint have been cleaned and 
dried, apply finish paint in accordance with Tables 2 and 3. Coating 
systems on surfaces in submerged service shall be allowed to cure 
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prior to service for a period of time designated by the Coating 
Manufacturer. 

4. Factory-Finished Equipment:  

After installation of factory-finished machinery and electrical equipment, 
check base coats carefully and touch up all damaged surface areas.  
Do not paint nameplates, serial number bases, chrome, or bronze trim.  
Clean off any excess paint that impairs convenient removal of covers on 
gauges, instrumentation, or other equipment fitted with doors or covers.  
For pumps to be installed into wet well, touch-up shall be done before 
pump column and bowl is installed into wet well. 

5. Factory-Primed Equipment: 

Delay final field coating to Manufacturer's primed equipment until 
equipment has been installed and is in proper working order in 
accordance with the applicable Item. 

6. As a general rule, erection, assembly and testing shall be complete 
before coating application begins.  Surfaces which may become 
inaccessible after erection or assembly shall be primed and finished 
prior to erection or assembly. 

 Provide necessary equipment to minimize the amount of dust, paint, 
abrasives, and other matter from settling on or damaging adjoining property.  If 
excessive dust, paint, or abrasives are found which are affecting adjoining 
property and/or structures, as determined by the Project Manager, the 
Contractor shall be required to utilize shrouds, drop tubes, or other means to 
confine a minimum of 95 percent of the abrasive, paint, and other material to 
the associated work area. 

 To facilitate adequate observation of all surfaces, provide scaffolding/rigging 
and adequate illumination required to perform dry film thickness readings and 
holiday test inspections as required by these specifications and the referenced 
standards.  Provide personnel to move the scaffolding, lighting, or rigging at 
the instructions of the Engineer. 

 Provide proper safety equipment to the Engineer for observation. 

 Adequate ventilation for proper curing shall be provided.  It is essential that the 
solvent vapors released during and after application of coating be removed 
from tanks or enclosed places.  During coating application in enclosed areas 
the capacity of ventilating fans shall be at least 300 cfm per gallon of coating 
applied per hour.  Continuous forced ventilation at a rate of at least one 
complete air change per 4 hours shall be provided for during all phases of 
paint application and for at least 7 days after coating application is completed.  
Air shall be exhausted from the lowest portions of the tank with the top 
openings kept open and clear. 

 Special Requirements 



                                                                                                                                       WHCRWA 
PAINTING AND PROTECTIVE COATINGS                                      CENTRAL PUMP STATION 

WHCRWA CENTRAL PUMP STATION 
PAINTING AND PROTECTIVE COATING 

09 91 00 - 20 OF 28 

1. Cast iron or ductile iron piping and valves for interior and exterior 
installation with a factory-applied bitumastic or asphaltum varnish 
coating shall be cleaned by abrasive blasting so as to provide a NACE 
#3 finish on interior exposed installations and a NACE #2 finish on 
exterior exposed surfaces. 

2. Inspection:  

a. All phases of the work are subject to inspection by the Engineer 
to assure proper performance and compliance with the 
specifications.  The Engineer shall be advised of the proper time 
to inspect surface preparation, prime coat, and each succeeding 
coat.  The Contractor shall apply additional coats only after the 
previous coat has been approved by the Engineer or Project 
Manager. 

b. The Contractor shall have on the project site the following testing 
equipment. Equipment shall be in calibration and proper working 
order.  Equipment shall be used in accordance with the 
Manufacturers’ instructions or as directed by the Engineer. 

(1) One magnetic pull-off type, nondestructive paint film 
thickness gauge, such as a Mikrotest thickness gauge 

(2) One set of certified coating thickness calibration 
standards produced by the U.S. Department of 
Commerce 

(3) One “wet sponge,” low-voltage, DC type holiday detector, 
such as the Tinker-Rasor Electrical holiday detector 

(4) Sling Psychrometer:  

3. Relative humidity and dew point reading shall be taken at intervals 
throughout the day’s work.  Readings shall be taken at the start of the 
mornings work, mid-day and afternoon.  Should environmental 
conditions change, additional reading shall be taken to assure that 
coating is being applied under the conditions as outlined by the 
coatings Manufacturer. 

4. Surface Temperature Thermometer: 

Surface temperature shall be taken in areas where work is being 
performed.  Surface temperature shall be that as specified by the 
coatings Manufacturer. 

5. Replica tape & Micrometer:   

Tesex X-Course Replica Tape shall be employed to determine the 
surface profile of blasted surfaces.  Surface profile shall be 2.0 – 3.0 
mils. 

6. Tests to be performed and approved by the Engineer before equipment 
is put into operation. 
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7. All work shall be warranted for a period of one year from date of 
acceptance of the project.  The Owner will notify the Contractor at least 
30 days prior to the anniversary sate and shall establish a date for the 
inspection.  Any defects in the coating system shall be repaired by the 
Contractor at no additional cost to the Owner.  Should a failure occur to 
25 percent of the painted surface, either interior or exterior, the entire 
surface shall be cleaned and painted in accordance with these 
specifications. 

 CLEANING 

 All cloths and waste that might constitute a fire hazard shall be placed in 
closed metal containers or destroyed at the end of each day.  Upon completion 
of the work, all staging, scaffolding, and containers shall be removed from the 
site and /or destroyed in an approved and legal manner.  Paint spots, oil, or 
stains upon adjacent surfaces and floors shall be completely removed, and the 
entire job left clean and acceptable to the Engineer. 

 DEMONSTRATION/TESTING AND INSPECTION 

 Quality control procedures and practices shall be utilized to monitor all phases 
of surface preparation, application, and inspection throughout the project.  
Each phase of surface preparation and coating application to be inspected and 
approved in writing by the Owner’s certified NACE Inspector. 

 Provide proper safety equipment and necessary scaffolding or rigging and 
adequate illumination to perform a thorough inspection. 

 Contractor to furnish the following equipment for use by the Owner’s Inspector 
or Representative. 

1. One nondestructive paint film thickness gauge, such as Mikrotest 
thickness gauge. 

2. One set of certified coating thickness calibration standards produced by 
the U.S. Department of Commerce. 

3. One “wet sponge” type holiday detector, such as the Tinker-Rasor 
Model M1 Electrical holiday detector. 

a. Tap water to be used as electrolyte for DFT ≤ 10 mils. 

b. Surfactant to be used as electrolyte for DFT ≥ 10 mils. 

4. Replica tape such as “Tes-Tex” tape coarse and extra coarse grades.  
Also provide a dial-type micrometer. 

 Owner’s Inspector or Representative to witness measurements and may elect, 
and shall be permitted, to perform additional measurements deemed 
necessary. 

 Dry film thickness tolerance 0.25 mil; measure each 100-square-foot section. 

 After final coat is applied, check with dry film thickness gauge.  Where there 
are extensive areas or spots with coating thinner than specified, apply 
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additional coats as necessary to provide required dry film thickness and 
consistent even color. 

 PROTECTION 

 Protection of Adjacent Property 

1. Prior to the cleaning and coating of an exterior surface, the Contractor 
shall present a written plan to the Owner describing how paint and/or 
abrasive damage to automobiles and property will be handled, including 
a process for quick removal of the paint, and who will do the work.  This 
approval in no way will relieve the Contractor from the responsibility of 
settling claims for damage, but is intended as an avenue to expedite 
and minimize said claims. 

2. Due to the proximity of the site to residences, emissions from abrasive 
blasting must be controlled using one of the methods given in TCEQ 30 
TAC 111.131-139. 

3. Shrouds or other means to be approved by the Owner, to be used to 
protect adjacent property and on site structures from damage 
associated with paint application. 

 Ground Protection 

1. Protect the ground from contact with cleaning blast debris.  No blast 
debris from exterior cleaning activities shall be allowed to contact the 
ground at project location.  Ground to include complete plant project 
site. 

2. Material(s) used for ground cover protection to support weight of tank 
cleaning blast debris, dry and wet, as well as personnel and equipment 
movement associated with the activities of this project. 

3. Prevent storm water, contaminated with blast debris, from leaving area. 

4. Contractor responsible for complete cleanup of any areas contaminated 
by tank cleaning blast debris. 

 Protection of Plant Equipment  

The Contractor shall protect all plant equipment from damage that may result 
from his activities.  The Contractor shall submit a protection plan to the 
Engineer for review prior to starting work.  The protection plan is subject to 
approval by the Engineer and must include detailed descriptions of the 
Contractor’s proposed plan for protecting sensitive equipment from abrasive 
blasting, pressure washing, and dust.   Special care shall be given to electrical 
equipment and chlorination facilities. 

 

END OF SECTION
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ATTACHMENT A 
SYSTEM SCHEDULE 

 
   Attachment B - Material Reference Minimum 
    1st 2nd 3rd Total Mil 
Type of Surface Exposure Cleaning Primer Coat Coat Coat Thickness 
 
Clay or Brick Masonry Exterior(1) Manufacturer’s Specification -- 1 -- -- N/A 
   
Concrete Block Buildings Exterior Manufacturer’s Specification -- 2 4 4 3.0 (Finish Coat) 
         
Concrete Block Walls Interior(2) Paragraph 3.02 I -- 3 4 4 3.0 (Finish Coat) 
    
Concrete Walls and Interior Paragraph 3.02 I -- 3 4 4 3.0 (Finish Coat) 
Ceilings 
 
Drywall Interior Paragraph 3.02 K -- 19 20 20 4.8 
 
Wood Interior and Exterior Manufacturer’s Specification 10 11 11 -- 4.5 
 
Exposed End of Cut of Exterior SSPC SP 7/NACE No. 4 -- 12 -- -- 8.0 
Reinforcing Bars 
 
Metal Doors, Frames Interior and Exterior SSPC SP 7/NACE No. 4 18 9  9 -- 4.0 
and Windows  1.0 Mils Surface Profile 
   
Structural and Miscellaneous Exterior SSPC SP 10/NACE No. 2 18 17 9 -- 7.0 
Steel, Control Panels  1.0-2.0 Mils Surface Profile   
 
Structural and Miscellaneous Interior SSPC SP 6/NACE No. 3 18 17 -- -- 5.5 
Steel, Control Panels  1.0-2.0 Mils Surface Profile 
 
Ferrous Piping Interior(2) SSPC SP 10/NACE No. 2 6 17 -- -- 4.5 
and Valves Exterior(1) SSPC SP 6/NACE No. 3 6 18 9 -- 6.0 
  1.0-2.0 Mils Surface Profile 
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ATTACHMENT A - (Cont’d) 

 
   Attachment B - Material Reference Minimum 
    1st 2nd 3rd Total Mil 
Type of Surface Exposure Cleaning Primer Coat Coat Coat Thickness 

Ferrous Valves and Bolting Buried --    14 14    32.0 
On Cast Iron Pipe & 
Buried Steel Piping 
 
Factory Finished Machinery, Interior and Exterior  Hand Clean 5(4) 8(5) 8(5) -- 4.5 
Electrical, and Motors (3) 
 
Galvanized Steel Interior Solvent Cleaning 15 17 -- -- 2.9 
 
Galvanized Steel and Galvanized Exterior Solvent Cleaning 15 18 9 -- 4.4 
Pipe Conduit Threads 
 
Wastewater Treatment Submerged(6) SSPC SP 10/NACE No. 2 6 13 13 -- 22.0 
Plant Equipment, Piping   
   
Potable Water Treatment Submerged SSPC SP 10/NACE No. 2 7 12 -- -- 8.0 
Plant Equipment, Piping (7)  1.0-2.0 Mils Surface Profile 
 
Wastewater Wet-Well (8) Interior Surfaces Paragraph 3.02 A. 6 13 13 -- 22.0 
  
(1)  Concrete surface or piping above ground exposed to weathering. 
(2)  Concrete surface or piping above ground sheltered from weathering. 
(3)  Use coating system per equipment item when specified. 
(4)  Optional: Use Manufacturer’s standard primer if compatible with specified finish coats. 
(5)  Optional: Use Manufacturer’s standard finish coat. 
(6)  Piping that is submerged in a fluid. 
(7)  Coatings used must be in the latest publication of National Sanitation Foundation (NSF) NSF/ANSI 61. 
(8)  Unless otherwise noted on the Plans. 
 
Note:  NACE - Reference to National Association of Corrosion Engineers. 
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ATTACHMENT B 
PAINT, SEALER, AND COATING SCHEDULE 

 
  Min. Dry   
  Mils Per  Generic 
Symbol  Coat (1)   Service Type Brand and Manufacturer 
 
 1. NA Primary Sealer Chemical Aqua-Gard - CreteGard Corp. 
    Penetrant Loxon 40% Silane Water Repellant – SW 
     Alkali Resistant Primer 4-603 PPG 
     
 2. NA Weather-proof Acrylic 16-90 Block Filler - Ameron 
   Primary Sealer Emulsion Carboline Sanitile 120 - Carboline 
     AC 210 Acrylic Primer - Induron 
     Interlac 895 - International 
     Seal Grip Primer 17-21 - PPG 
     Loxon Ext. Masonry Acrylic Primer A24W300 - SW 
     
 3. NA Primary Sealer Vinyl-Acrylic 16-90 Block Filler - Ameron 
    Emulsion Carboline Sanitile100 Block Filler - Carboline 
    With Epoxy AC 220 Acrylic Block Filler - Induron 
    Esters Interlac 895-International 
     Heavy Duty Block Filler 16-90 - PPG 
     Heavy Duty Block Filler B42W46 - SW 
     
 4. 1.5 Finish Acrylic Amercoat 220 - Ameron 
    Emulsion Carboline 3359 - Carboline 
     Aquanaut II - Induron 
     Intercryl 530- International 
     Pitt-Tech Plus Acrylic 90 Line – PPG 
     DTM Acrylic Coating B66-100 Series - SW 
 
 5. 1.5 Metal Primer Alkyd Amercoat 5105-Ameron 
     Carboline Carbocoat 115 - Carboline 
    P-30 Universal Primer - Induron 
    Interlac 260 - International 
    Metal Primer 6-208/212 - PPG 
    Kem Kremik Universal Primer B50HZ1 - SW 
 
 6. 4.0-8.0 Metal Primer Polyamid Amerco 385P - Ameron 
   or Concrete Cured Epoxy Carboline Carboguard 61- Carboline 
   Surfaces  Resin PE-70 Epoxy - Induron 
     Interseal 670HS- International 
     Amerlock 2/400 - PPG 
     Dura-Plate 235 - SW 
     
 7. 2.0-4.0 Metal Primer Polyamide- Amerlock 2 - Ameron 
 (2 & 3)       Cured Epoxy Carboline Carboguard 891HS - Carboline 
    Resin PE-70 Epoxy - Induron 
     Interseal 670 HS - International 
     Amerlock 2/400 NSF/61 - PPG 
     Epoxide HS B62W940 - SW 
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ATTACHMENT B - (Cont’d) 
  Min. Dry   
  Mils Per  Generic 
Symbol  Coat (1)   Service Type Brand and Manufacturer 
 
 8. 1.5 Finish Coats Alkyd, Straight Amercoat 5450 Alkyd Gloss - Ameron 
    Long-oil Carboline Carbocoat 45 - Carboline 
     Armorlux 2500 - Induron 
     Interlac 665- International 
     Industrial Enamel 6-282 series - PPG 
     Industrial enamel HS B542-400 Series - SW 

 
 9. 2.0-5.0 Finish Aliphatic Amerco 450H - Ameron 
   Coat Urethane Carboline 134 HS - Carboline 
     Indurethane 6600 Plus - Induron 
     Interthane 990 HS- International 
     Pitthane Ultra  95-812 series - PPG 
     Acrolon Ultra B65-820 Series - SW 
     
 10. 1.5 Wood Alkyd Primer Amercoat 5450 - Ameron 
     Carboline Sanitile 120 - Carboline 
     AC 301 Exterior Wood Primer - Induron 
     Interlac 260 - International 
     Speed-Hide Ext Alkyd 6-809 series - PPG 
     Industrial Enamel HS - SW 
     
 11. 1.5 Finish Alkyd, Straight Amercoat 5450 - Ameron 
    Long-oil Carboline Carbocoat 45 - Carboline 
     Armorlux 2500 - Induron 
     Interlac 665 - International 
     Amercoat 5450 Alkyd Gloss - PPG 
     Indusrial Enamel HS - SW 
     
 12. 4.0-12.0 Submerged Steel, Polyamide- Amerlock 2 - Ameron 
 (2 & 3)      Iron, or Concrete Cured Epoxy Carboline Carboguard 891HS - Carboline 
   Surface Resin PE-70  Epoxy - Induron 
     Interseal 670HS - International 
     Amercoat 240 Amine Cure - PPG 
     Macropoxy 646 PW - SW 
     
 13. 16 Submerged Steel, Coal-tar Amercoat 78 HB - Ameron 
   Iron or Concrete Epoxy Carboline Bitumastic 300M - Carboline 
   Surface Two  Ruff Stuff 2100 Coal Tar Epoxy - Induron 
    Component Interzone 954 - International 
     Amercoat 78HB Coat Tar Epoxy - PPG 
     Targuard - SW 
     
 14. 16 Buried Steel Tar-base Amerlastic 280 - Ameron 
   Or Iron Pitch Carboline Bitumastic 300M - Carboline 
     Ruff Stuff 2100 - Induron 
     Interzone 954 - International 

     Amercoat 78HB Coat Tar Epoxy - PPG 
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ATTACHMENT B - (Cont’d) 
 
  Min. Dry   
  Mils Per  Generic 
Symbol  Coat (1)   Service Type Brand and Manufacturer 
     
 15. 0.4 Galvanized Vinyl Wash Galvaprep - Ameron 
   Metal Primer Primer Carboline Galoseal WB - Carboline 
     Vinyl Wash Primer – Induron 
     Galvaprep 5 - International 
     Galvaprep 5 – PPG 
     DTM Wash Primer - SW 
     
 16. 2.0-5.0 Steel Above High Ratio Dimetcote 9 Series - Ameron 
   Ground and  Silicate Carbo Zinc 11 – Carboline 
   Above Waterline Inorganic Indurazinc MC67 – Induron 
    Zinc Interzinc 22 - International 
     Amercoat D-9 Inorganic Zinc - PPG 
     Zinc Clad II - SW 
     
 17. 4.0-8.0 Steel Interior Polyamide Amercoat 385 Epoxy - Ameron 
    Cured Epoxy Carboline Carboguard 61 - Carboline 
    Resin Induraguard Epoxy - Induron 
     Interseal 670 HS - International 
     Pitt-Guard All Weather DTR 97-946 - PPG 
     Macropoxy 646 PW - SW 
     
 18. 4.0-8.0 Intermediate Epoxy Primer Amercoat 385 - Ameron 
   Finish  Carboline Carboguard 61 - Carboline 
     Induraguard Epoxy - Induron 
     Interseal 670 HS – International 
     Amercoat 385 - PPG 
     Macropoxy 646 PW - SW 
 
 19. 0.8 Drywall Vinyl Polymer Devoe Vinyl Polymer --50801 
          
 20. 2.0 Drywall Alkyd 21xx Velour Alkyd Flat Interior 
      
     
 
(1)  Or Manufacturer’s standard, whichever is greater.  Do not exceed Manufacturer’s maximum standard, if applicable. 
(2)  For potable water use. 
(3)  As recommended 

 

END OF SECTION 
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SECTION 09 91 10 

ARCHITECTURAL PAINTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. General: 

1. Refer to Section 09 96 60 for: 

a. Items in chemical storage, unloading, and feed area. 

2. Refer to Section 09 91 00 for: 

a. All other non-architectural painting, including but not limited to: 

1) Items subject to immersion service. 

2) Items subject to extior exposure. 

3) Any other locations where High Performance Industrial Coatings 
(HPIC) are required or indicated. 

B. Section Includes: 

1. Surface Preparation. 

2. Field application of: 

a. Architectural Coatings. 

b. Special Coatings. 

c. Stains and varnishes. 

d. Any other coating, thinner, accelerator, inhibitor, etc., specified or 
required as part of a complete System specified in this Specification 
Section. 

3. Environmental controls for field application of coatings. 

C. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Division 03 - Concrete. 

4. Division 04 - Masonry. 

5. Section 05 52 05 - Steel Railings. 

6. Section 07 84 00 - Firestopping. 

7. Section 08 11 00 - Metal Doors and Frames. 

8. Section 09 29 00 - Gypsum Board. 
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1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. D523, Standard Test Method for Specular Gloss. 

b. D4258, Standard Practice for Surface Cleaning Concrete for Coating. 

c. D4259, Standard Practice for Abrading Concrete. 

d. D4261, Standard Practice for Surface Cleaning Concrete Unit Masonry 
for Coating. 

e. D4262, Standard Test Method for pH of Chemically Cleaned or Etched 
Concrete Surfaces. 

f. D4263, Standard Test Method for Indicating Moisture in Concrete by the 
Plastic Sheet Method. 

g. F1869, Standard Test Method for Measuring Moisture Vapor Emission 
Rate of Concrete Subfloor Using Anhydrous Calcium Chloride. 

h. E84, Standard Test Method for Surface Burning Characteristics of 
Building Materials. 

2. National Fire Protection Association (NFPA): 

a. 101, Life Safety Code. 

3. Steel Door Institute/American National Standards Institute (SDI/ANSI): 

a. A250.10, Test Procedure and Acceptance Criteria For Prime Painted 
Steel Surfaces for Steel Doors and Frames. 

4. The Society for Protective Coatings (SSPC): 

a. SP 1, Solvent Cleaning. 

b. SP 2, Hand Tool Cleaning. 

c. SP 3, Power Tool Cleaning. 

d. SP 16, Brush-off Blast Cleaning of Coated and Uncoated Galvanized 
Steel, Stainless Steels, and Non-Ferrous Metals. 

5. The Society for Protective Coatings/NACE International (SSPC/NACE): 

a. SP 6/NACE No. 3, Commercial Blast Cleaning. 

b. SP 7/NACE No. 4, Brush-off Blast Cleaning. 

c. SP 13/NACE No. 6, Surface Preparation of Concrete. 

6. United States Environmental Protection Agency (EPA). 

B. Miscellaneous: 

1. Coating used in all corridors and stairways shall meet requirements of NFPA 
101 and ASTM E84. 

C. Mock-Ups: 

1. Erect a sample wall, minimum 8 FT high x 8 FT long, of substrate, surface 
preparation and coating specified. 
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a. Provide mockups for the following: 

1) Special Coatings. 

2) Logos and graphics as shown on the drawings. 

2. Acceptance of sample wall will define minimum level of quality of 
workmanship acceptable for the Project. 

3. Acceptance of sample wall does not constitute approval of deviations from 
the Contract Documents. 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

B. Approved Factory Finish:  Finish on a product in compliance with the finish 
specified in the Specification Section where the product is specified. 

C. Exposed Exterior Surface: 

1. Exterior surface which is exposed to view. 

2. Exterior surface which is exposed to weather but not necessarily exposed to 
view. 

D. Finished Area:   

1. An area that is listed in or has finish called for on Room Finish Schedule. 

2. An area that is indicated on Drawings to be painted. 

E. Gloss Range: 

1. Specular gloss measured in accordance with ASTM D523: 

a. Flat:  Below 15, at 60 DEG. 

b. Eggshell:  Between 20 and 35, at 60 DEG. 

c. Semi-gloss:  Between 35 and 70, at 60 DEG. 

d. Gloss:  More than 70, at 60-degrees. 

F. Paint includes the following: 

1. Architectural paints (AP) include:  Acrylic latex or alkyd enamel coatings. 

2. Special coatings (SC) include:  Water-based pigmented resin particles 
suspended in acrylic latex solution. 

3. Stains and varnish include:  Alkyd stain and polyurethane varnish. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 
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2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's surface preparation instructions. 

c. Manufacturer's application instructions. 

B. Samples: 

1. Manufacturer's full line of colors for Engineer's preliminary color selection. 

2. Gloss samples. 

3. After preliminary color selection by Engineer provide two (2) 8 by 10 IN 
samples of each final color and sheen selected. 

C. Informational Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Test results. 

3. Applicator's daily records: 

a. Submit daily records at end of each week in which painting work is 
performed unless requested otherwise by Engineer's on-site 
representative. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver in original containers, labeled as follows: 

1. Name or type number of material. 

2. Manufacturer's name and item stock number. 

3. Contents, by volume, of major constituents. 

4. Warning labels. 

5. VOC content. 

B. Store materials in tightly covered containers in well-ventilated areas with 
ambient temperatures continuously maintained at not less than 45 DEGF. 

1.6 PROJECT CONDITIONS 

A. Verify that atmosphere in area where painting is to take place is within paint 
manufacturer's acceptable temperature, humidity and sun exposure limits. 

1. Provide temporary heating, shade and/or dehumidification as required to 
bring area within acceptable limits. 

a. Provide temporary dehumidification equipment properly sized to maintain 
humidity levels required by paint manufacturer. 

b. Provide clean heat with heat exchanger type equipment sufficient in size 
to maintain temperature on a 24 HR basis. 
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1) Vent exhaust gases to exterior environment. 

2) No exhaust gases shall be allowed to vent into the space being 
painted or any adjacent space. 

2. Do not apply coatings in snow, rain, fog or mist. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Provide products from a single manufacturer to the greatest extent practicable. 

B. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Architectural paints: 

a. Benjamin Moore. 

b. PPG Industries. 

c. Pratt & Lambert. 

d. Sherwin Williams. 

e. Tnemec. 

2. Stains and varnish: 

a. Benjamin Moore. 

b. PPG Industries. 

c. Pratt & Lambert. 

d. Sherwin Williams. 

C. No like, equivalent or "or-equal" item or substitution is permitted. 

D. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. General: 

1. For unspecified materials such as thinner, provide manufacturer's 
recommended products. 

2. Unless noted otherwise, products listed are manufactured by the 
manufacturer listed below. 

a. Products of other manufacturers will be considered for use provided that 
the product: 

1) Is of the same generic formulation. 

2) Has comparable application requirements. 

3) Meets the same VOC levels or better. 

4) Provides the same finish and color options. 

3. Coatings shall comply with the VOC limits of EPA.  
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4. Colors: 

a. Colors and gloss will be selected from the manufacturer’s complete 
offering, including special colors and premium offerings. 

B. Architectural Paints:   

1. Product List: 

 

Generic Description Product 

Acrylic Primer PPG Pure Performance 9-900 

Acrylic Latex  PPG Pure Performance 9-100/9-300/9-500 Series 

Acrylic Gloss PPG Speedhide 6-8534 Series 

Concrete Filler/Surfacer Tnemec Series 215 and/or Series 218 

CMU Block Filler Tnemec Series 54 Masonry Filler 

Dry-Fall Primer Tnemec Series V115 Uni-Bond DF 

Epoxy Barrier Coat Tnemec Series 135 Chembuild 

Fluoropolymer Tnemec Series 1070V/1071V/1072V Fluoronar  

HDP Acrylic Tnemec Series 1028/1029 Enduratone 

Organic Zinc Primer Tnemec Series 94-H2O Hydro-Zinc 

Polycarbamide Tnemec Series 740/750 UVX 

Waterborne Acrylate Tnemec Series 156 Enviro-Crete 

 

 

C. Stains and Varnishes:   

1. Product List: 

 

Generic Description Product 

Sanding sealer PPG Olympic 41061 Premium Interior 
Water Based Sanding Sealer 

Alkyd Wood Stain PPG Olympic 44500 Premium Interior Oil 
Based Wood Stain 

Polyurethane Varnish PPG Olympic 42786 Premium Interior 
Water Based Polyurethane Clear Satin 
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2.3 PAINT SYSTEMS: 

A. General: 

1. Refer to Specification Section 09 91 10 for: 

a. Items in corrosive or highly corrosive environments. 

b. Items subject to immersion service. 

c. Items subject to exterior  exposure. 

d. Any other locations where High Performance Industrial Coatings (HPIC) 
are required, or indicated. 

2. Refer to Section 09 96 60 for: 

a. Items in Chemical Storage, unloading, and feed area. 

B. Schedule: 

 

Substrate Prime Coat1 Intermediate 
Coat(s)1 Finish Coat1 

Concrete Concrete 
Filler/Surfacer as 
necessary to fill all 
voids and 
depressions 

100 to 200 
SQFT/GAL  

Waterborne Acrylate 

100 to 200 
SQFT/GAL  

Waterborne Acrylate 

Concrete Masonry 80 to 100 
SQFT/GAL 

CMU Block Filler 

100 to 200 
SQFT/GAL  

Waterborne Acrylate 

100 to 200 
SQFT/GAL  

Waterborne Acrylate 

Structural Steel and 
Miscellaneous Metals3 

2.5 to 3.5 MIL 

Organic Zinc Primer 

2.0 to 3.0 MIL 

HDP Acrylic2 

2.0 to 3.0 MIL 

HDP Acrylic2 

Galvanized Structural Steel and 
Miscellaneous Metals3 

2.0 to 4.0 MIL 

Dry-Fall Acrylic 
 

2.0 to 3.0 MIL 

HDP Acrylic 2 

Galvanized Metal Deck3 2.0 to 4.0 MIL  
Dry-Fall Acrylic 

 
2.0 to 4.0 MIL  

Dry-Fall Acrylic 

Factory Primed Metal Deck3 
 

2.0 to 4.0 MIL  
Dry-Fall Acrylic 

2.0 to 4.0 MIL  

Dry-Fall Acrylic 

Galvanized Steel Railings 4.0 to 6.0 MIL 
Epoxy Barrier Coat 

2.5 to 3.5 MIL 
Polycarbamide Gloss 

2.5 to 3.5 MIL 
Polycarbamide Gloss 

Steel Railings 4.0 to 6.0 MIL 
Epoxy Barrier Coat 

2.0 to 3.0 MIL 
HDP Acrylic Gloss 

2.0 to 3.0 MIL 
HDP Acrylic Gloss 

Exposed wood indicated to be 
painted 

300 to 400 
SQFT/GAL Acrylic 
Primer 

300 to 400 
SQFT/GAL Acrylic 
Gloss 

300 to 400 
SQFT/GAL Acrylic 
Gloss 
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Exposed wood indicated to be 
stained 

400 to 500 
SQFT/GAL Sanding 
Sealer 

Two (2) coats at  

400 to 500 
SQFT/GAL  

Alkyd Wood Stain 

Two (2) coats at  

400 to 500 
SQFT/GAL  

Polyurethane 
Varnish 

Hollow Metal - Interior 4.0 to 5.0 MIL DFT 
Epoxy Barrier Coat 

2.0 to 3.0 MIL 

HDP Acrylic2 

2.0 to 3.0 MIL 

HDP Acrylic2 

Hollow Metal - Exterior 4.0 to 5.0 MIL DFT 
Epoxy Barrier Coat 

2.5 to 3.5 MIL 

Polycarbamide2 

2.5 to 3.5 MIL 

Polycarbamide2 

Sectional Overhead Doors 4.0 to 5.0 MIL DFT 
Epoxy Barrier Coat 

 2.0 to 3.0 MIL DFT 
Fluoropolymer2 

Gypsum Board scheduled to 
receive "AP" 

300 to 400 
SQFT/GAL Acrylic 
Primer 

300 to 400 
SQFT/GAL Acrylic 
Latex 2 

300 to 400 
SQFT/GAL Acrylic 
Latex 2 

Gypsum Board scheduled to 
receive "SC" 

250 to 350 
SQFT/GAL Special 
Coating Acrylic 
Primer 

250 to 300 
SQFT/GAL Special 
Coating Base Coat 

125 to 150 
SQFTGAL Special 
Coating Finish Coat 

1.  Application rates (SF/GAL) shown are for unthinned materials.  
2.  Sheen as scheduled or selected. 

PART 3 - EXECUTION 

3.1 ITEMS TO BE PAINTED 

A. Exterior surfaces, including but not limited to: 

1. Concrete: 

a. Where indicated on Drawings. 

2. Concrete masonry: 

a. Where indicated on Drawings. 

3. Structural steel: 

a. Columns, beams and bracing. 

b. Field welded connections of factory painted structural steel. 

4. Steel railings. 

5. Galvanized steel railings. 

6. Miscellaneous ferrous metal surfaces: 

a. Pipe Bollards. 

b. Embed Plates. 

c. Loose lintels. 

d. Items specifically noted on Drawings to be painted. 

7. Miscellaneous galvanized steel surfaces: 
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a. Pipe Bollards. 

b. Embed Plates. 

c. Loose lintels. 

d. Steel components of concrete lintels. 

e. Items specifically noted on Drawings to be painted. 

8. Doors and frames: 

a. Hollow metal doors and frames. 

B. Interior Areas: 

1. Refer to Room Finish Schedule on Drawings. 

a. If space is scheduled to be painted, paint all appurtenant surfaces within 
the space unless specifically noted otherwise.   

b. Provide coating manufacturer’s recommended bonding primer. 

c. Appurtenant surfaces include but are not limited to: 

1) Columns, beams, bracing, structural framing memebers, and similar 
components. 

2) Underside of roof or floor decks above. 

3) Conduit, boxes, covers and supports. 

4) Ductwork, duct insulation and duct supports. 

5) Piping, pipe insulation and jacketing. 

6) Miscellaneous ferrous metal surfaces. 

2. Concrete walls and columns. 

3. Concrete masonry. 

4. Doors and frames: 

a. Hollow metal doors and frames 

3.2 ITEMS NOT TO BE PAINTED 

A. General:  Do not paint items listed in this Article, unless noted otherwise. 

B. Items with Approved Factory Finish:  These items may require repair of 
damaged painted areas or painting of welded connections. 

C. Electrical equipment. 

D. Moving parts of mechanical and electrical units where painting would interfere 
with the operation of the unit. 

E. Code labels, equipment identification or rating plates and similar labels, tagging 
and identification. 

F. Contact surfaces of friction-type structural connections. 

G. Stainless steel surfaces. 

H. Aluminum Surfaces Except: 
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1. Where specifically shown in the Contract Documents. 

2. Where in contact with concrete. 

3. Where in contact with dissimilar metals. 

4. Appurtenant surfaces as described in the ITEMS TO BE PAINTED article. 

I. Fiberglass Surfaces Except: 

1. Fiberglass piping where specifically noted to be painted. 

2. Piping supports where specifically noted to be painted. 

3. Appurtenant surfaces as described in the ITEMS TO BE PAINTED article. 

J. Galvanized steel items, unless specifically noted to be painted. 

K. Architectural finishes: 

1. Exterior concrete indicated to receive another finish. 

2. Precast concrete surfaces, unless specifically indicated to be painted. 

3. Prefinished masonry surfaces: 

a. Precolored masonry (exterior face). 

1) Interior face shall be painted where scheduled. 

b. Burnished (ground face) concrete masonry.  

c. Prefaced masonry. 

d. Face brick. 

e. Glass masonry. 

4. Plastic laminate. 

5. Solid surface material. 

6. Standing and running trim. 

7. Fiberglass fabrications. 

8. Anodized aluminum. 

9. PVDF coated metals. 

10. Factory finished doors and frames. 

11. Aluminum windows, curtainwall and storefront framing systems. 

12. Finish hardware. 

13. Glass and glazing. 

14. Ceramic, porcelain, quarry tile or natural stone. 

15. Acoustical materials. 

16. Building specialties. 

17. Louvers. 
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18. Casework and countertops. 

19. Pipe insulation and jacketing. 

20. Standing seam metal roof, fascia, trim, soffit and accessories. 

3.3 EXAMINATION 

A. Concrete: 

1. Test pH of surface to be painted in accordance with ASTM D4262. 

a. If surface pH is not within paint manufacturer's required acceptable 
range, use methods acceptable to paint manufacturer as required to 
bring pH within acceptable range. 

b. Retest pH until acceptable results are obtained. 

2. Verify that moisture content of surface to be painted is within paint 
manufacturer's recommended acceptable limits. 

a. Test surface to be coated in accordance with ASTM D4263 to determine 
the presence of moisture. 

1) If moisture is detected, test moisture content of surface to be coated 
in accordance with ASTM F1869. 

2) Provide remedial measures as necessary to bring moisture content 
within paint manufacturer’s recommended acceptable limits. 

3) Retest surface until acceptable results are obtained. 

B. Concrete Unit Masonry: 

1. Test pH of surface to be painted in accordance with ASTM D4262. 

a. If surface pH is not within paint manufacturer's required acceptable 
range, use methods acceptable to paint manufacturer as required to 
bring pH within acceptable limits. 

b. Retest pH until acceptable results are obtained. 

2. Verify that moisture content of surface to be painted is within paint 
manufacturer's recommended acceptable limits. 

a. Test surface to be coated in accordance with ASTM D4263 to determine 
the presence of moisture. 

1) If moisture is detected, test moisture content of surface to be coated 
in accordance with ASTM F1869. 

2) Provide remedial measures as necessary to bring moisture content 
within paint manufacturer’s recommended acceptable limits. 

3) Retest surface until acceptable results are obtained. 

3.4 PREPARATION 

A. General: 

1. Prepare surfaces to be painted in accordance with paint manufacturer's 
instructions and this Specification Section unless noted otherwise in this 
Specification Section. 



ARCHITECTURAL PAINTING 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
ARCHITECTURAL PAINTING 

09 91 10 - 12 OF 18 

a. Where discrepancy between paint manufacturer's instructions and this 
Specification Section exists, the more stringent preparation shall be 
provided unless approved otherwise, in writing, by the Engineer. 

2. Remove all dust, grease, oil, compounds, dirt and other foreign matter which 
would prevent bonding of paint to surface. 

3. Adhere to manufacturer's recoat time surface preparation requirements. 

a. Surfaces that have exceeded paint manufacturer's published recoat time 
and/or have exhibited surface chalking shall be prepared prior to 
additional paint in accordance with manufacturer's published 
recommendations. 

B. Protection: 

1. Protect surrounding surfaces not to be coated. 

2. Remove and protect hardware, accessories, plates, fixtures, finished work, 
and similar items; or provide ample in-place protection. 

3. Protect code labels, equipment identification or rating plates and similar 
labels, tagging and identification. 

C. Prepare and paint before assembly all surfaces which are inaccessible after 
assembly. 

D. Existing Surfaces: 

1. Wherever existing work is cut, patched or modified; repair and repaint to 
match new work. 

2. Where a wall or ceiling is disturbed and patched, paint entire wall or ceiling. 

E. Wood: 

1. Sandpaper smooth, remove dust. 

2. Opaque Finishes: 

a. Seal all knots, pitch and resinous sapwood after prime coat has dried. 

b. Putty holes and imperfections; sand smooth. 

3. Transparent Finishes: 

a. Treat wood with compatible wash-coat prior to stain application. 

b. Putty holes and imperfections to match wood color; sand smooth. 

F. Ferrous Metal: 

1. Complete fabrication, welding or burning before beginning surface 
preparation. 

a. Chip or grind off flux, spatter, slag or other laminations left from welding. 

b. Remove mill scale. 

c. Grind smooth rough welds and other sharp projections. 
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2. Solvent clean in accordance with SSPC SP 1 to remove all dust, grease, oil, 
compounds, dirt and other foreign matter. 

3. Exterior exposure: 

a. Commercial blast clean in accordance with SSPC SP 6/NACE No. 3. 

4. Interior exposure: 

a. Hand tool cleaning in accordance with SSPC SP 2 and/or power tool 
cleaning in accordance with SSPC SP 3. 

G. Hollow Metal: 

1. Solvent clean in accordance with SSPC SP 1 to remove all dust, grease, oil, 
compounds, dirt and other foreign matter. 

2. Lightly sand primed surfaces with fine grit sandpaper as recommended by 
hollow metal manufacturer. 

H. Galvanized Steel and Non-ferrous Metals: 

1. Solvent clean to remove all dust, grease, oil, compounds, dirt and other 
foreign matter. 

2. Brush-off blast in accordance with SSPC SP 16 or hand tool cleaning in 
accordance with SSPC SP 2 to remove surface contaminants. 

I. Gypsum Wallboard: 

1. Repair minor irregularities left by finishers. 

2. Avoid raising nap of paper face on gypsum wallboard. 

3. Verify moisture content is less than 8 PCT before painting. 

4. After application of prime coat and between subsequent coats, inspect 
surface and repair holes, dents, irregularities or other defects as necessary 
to provide a smooth, uniform finish. 

J. Concrete: 

1. Cure for minimum of 28 days. 

2. Clean in accordance with ASTM D4258. 

a. Remove all soil, grease, oil, or other surface contaminants. 

3. Grind fins and protrusions in accordance with ASTM D4259, flush to plane 
of wall. 

4. Abrasive blast in accordance with ASTM D4259 and SSPC SP13/NACE No. 
6. 

a. Remove all laitance, efflorescence, scabbing and other foreign matter. 

b. Provide minimum concrete surface profile CSP 3 per ICRI 310.2. 

5. Test pH and moisture content in accordance with EXAMINATION article in 
this specification section. 
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6. Repair tie holes, voids, bugholes or other surface defects as necessary to 
provide smooth, uniform surface.  

K. Concrete Unit Masonry: 

1. Cure for minimum of 28 days. 

2. Remove all mortar spatters and protrusions. 

3. Clean in accordance with ASTM D4261. 

a. Remove all soil, grease, oil, efflorescence. 

4. Test pH and moisture content in accordance with EXAMINATION article in 
this specification section. 

3.5 APPLICATION 

A. General: 

1. Thin, mix and apply paints in accordance with manufacturer's installation 
instructions. 

a. Where discrepancy exists between manufacturer’s instructions and this 
Specification Section, the more stringent requirement shall apply. 

b. When materials have been thinned, adjust application rates as 
necessary to achieve film coverage indicated in Part 2 for unthinned 
materials.  

c. Backroll spray applied paints. 

2. Temperature and weather conditions: 

a. Do not paint surfaces when surface temperature is below 50 DEGF 
unless product has been formulated specifically for low temperature 
application and application is approved in writing by Engineer and paint 
manufacturer's authorized representative. 

b. Avoid painting surfaces exposed to hot sun. 

c. Do not paint on damp surfaces. 

3. Apply materials under adequate illumination. 

4. Evenly spread to provide full, smooth coverage. 

a. All paint systems are "to cover." 

1) When color or undercoats show through, apply additional coats until 
paint film is of uniform finish and color. 

b. Finished paint system shall be uniform and without voids, bugholes, 
holidays, laps, brush marks, roller marks, runs, sags or other 
imperfections. 

5. If so directed by Engineer, do not apply consecutive coats until Engineer has 
had an opportunity to observe and approve previous coats. 

6. Work each application of material into corners, crevices, joints, and other 
difficult to work areas. 
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7. When painting rough surfaces, hand brush and backroll paint to work into all 
recesses. 

8. Smooth out runs or sags immediately, or remove and recoat entire surface. 

9. Allow preceding coats to dry before recoating. 

a. Recoat within time limits specified by paint manufacturer. 

b. If recoat time limits have expired re-prepare surface in accordance with 
paint manufacturer's printed recommendations. 

10. Allow coated surfaces to cure prior to allowing traffic or other work to 
proceed. 

11. Finish colors not otherwise indicated shall be selected by Engineer from 
paint manufacturer’s complete offering. 

B. Fillers, surfacers or patching compounds: 

1. Provide fillers, surfacers or patching compounds in accordance with 
manufacturer’s recommendations and as specified herein as necessary to 
provide a smooth, defect free substrate. 

C. Prime Coat Application: 

1. Prime all surfaces indicated to be painted. 

a. Apply prime coat in accordance with paint manufacturer's written 
instructions and as written in this Specification Section. 

2. Ensure field-applied paints are compatible with factory-applied paints or 
existing coatings. 

a. Employ services of coating manufacturer's qualified technical 
representative. 

1) Certify through material data sheets. 

2) Perform test patch. 

b. If field-applied coating is found to be not compatible, require the coating 
manufacturer's technical representative to recommend, in writing, 
product to be used as barrier coat, thickness to be applied, surface 
preparation and method of application. 

c. At Contractor's option, coatings may be removed, surface re-prepared, 
and new coating applied using appropriate paint system listed in the 
MATERIALS Article, Paint Systems paragraph of this Specification 
Section. 

1) All damage to surface as result of coating removal shall be repaired 
to original condition or better by Contractor at no additional cost to 
Owner. 

3. Special coatings prime coat application: 

a. Prime new gypsum board surfaces using sealer as recommended by 
manufacturer. 
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1) Apply at rate per manufacturer’s recommendation. 

b. Prime and fill new concrete and masonry using sealer coat as 
recommended by manufacturer followed by modified epoxy filler as 
specified. 

c. Prime filled concrete and masonry surfaces with primer at rates and as 
recommended by manufacturer. 

4. Back prime all wood scheduled to be painted, prior to installation. 

5. Touch up damaged primer coats prior to applying finish coats. 

a. Restore primed surface equal to surface before damage. 

D. Wood to Receive Stain and Varnish: 

1. Apply wash coat uniformly to wood at manufacturer’s recommended 
application rates. 

2. Apply wood stain per manufacturer’s instructions. 

E. Finish Coat Application: 

1. Apply finish coats in accordance with paint manufacturer's written 
instructions and in accordance with this Specification Section. 

2. Touch up damaged finish coats using same application method and same 
material specified for finish coat. 

a. Prepare damaged area in accordance with the PREPARATION Article of 
this Specification Section. 

3. Hollow metal frames and doors: 

a. Finish coats shall be spray applied only. 

b. Finish edges same as faces of doors. 

4. Varnish: 

a. Apply first coat of varnish:  Gloss. 

1) Allow to dry a minimum of 48 HRS. 

b. Apply second and third coats of varnish:  Satin. 

1) Allow a minimum of 48 HRS between each coat. 

c. Lightly sand between coats as required and remove dust. 

3.6 FIELD QUALITY CONTROL 

A. Application Deficiencies: 

1. Surfaces showing runs, laps, brush marks, telegraphing of surface 
imperfections or other defects will not be accepted. 

2. Surfaces showing evidence of fading, chalking, blistering, delamination or 
other defects due to improper surface preparation, environmental controls or 
application will not be accepted. 

B. Provide protection for painted surfaces. 
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1. Surfaces showing soiling, staining, streaking, chipping, scratches, or other 
defects will not be accepted. 

C. Maintain Daily Records: 

1. Record the following information during application of each coat of paint 
applied: 

a. Date, starting time, end time, and all breaks taken by painters. 

b. For exterior painting: 

1) Sky condition. 

2) Wind speed and direction. 

c. Air temperature. 

d. Relative humidity. 

e. Moisture content and surface temperature of substrate prior to each coat. 

f. Provisions utilized to maintain work area within manufacturer's 
recommended application parameters including temporary heating, 
ventilation, cooling, dehumidification and provisions utilized to mitigate 
wind blown dust and debris from contaminating the wet paint film. 

g. Record environmental conditions, substrate moisture content and 
surface temperature information not less than once every four (4) hours 
during application. 

1) Record hourly when temperatures are below 50 DEGF or above 100 
DEGF. 

2. Record the following information daily for the paint manufacturer's 
recommended curing period: 

a. Date and start time of cure period for each item or area. 

b. For exterior painting: 

1) Sky conditions. 

2) Wind speed and direction. 

c. Record environmental conditions not less than once every 12 HRS. 

1) Record once every 4 HRS when ambient temperature is below 35 
DEGF. 

d. Provisions utilized to protect each item or area and to maintain areas 
within manufacturer's recommended curing parameters. 

3. Format for daily record to be computer generated. 

D. Measure surface temperature of items to be painted with surface temperature 
gage specifically designed for such. 

E. Measure substrate humidity with humidity gage specifically designed for such. 

F. Provide wet paint signs. 

3.7 CLEANING 

A. Clean paint spattered surfaces. 
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1. Use care not to damage finished surfaces. 

B. Remove masking, adhesive residue or other foreign materials. 

C. Upon completion of painting, replace hardware, accessories, plates, fixtures, 
and similar items. 

D. Remove surplus materials, scaffolding, and debris. 

 

 

END OF SECTION 
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SECTION 09 96 60 

EPOXY CONTAINMENT COATINGS 

PART 1  GENERAL 

1.01 SUMMARY 

A. Section includes all labor, materials, equipment and incidentals as 
specified, shown, and required to furnish, install, and apply Primary and 
Secondary protective containment coatings indicated for concrete 
substrates in the chemical storage, unloading and feed areas. 

1.02 RELATED REQUIREMENTS 

A. Technical Specification Section 01 33 00 – “Submittals”  

B. Related work as called for on PLANS or specified elsewhere in this or 
other Technical Specifications Sections. 

1.03 REFERENCES 

 This specification references the following publications in their current editions.  
The publications listed below form a part of this specification to the extent 
referenced.  The publications are referred to in the text by basic designation 
only. 

 ACI 515.2R: Guide to Selecting Protective Treatments for Concrete 

 ACI 546.R: Guide to Concrete Repair 

 ASTM  D6943: Standard Practice for Immersion Testing of Industrial 
Protective Coatings and Linings 

 ASTM C1583/1583M: Standard Test Method for Tensile Strength of Concrete 
Surfaces  and  the  Bond  Strength  or  Tensile  Strength  of  Concrete  Repair  
and Overlay Materials by Direct Tension (Pull-off Method) 

 ASTM D4263: Standard Test Method for Indicating Moisture in Concrete by 
the Plastic Sheet Method 

 ASTM D4414: Standard Practice for Measurement of Wet Film Thickness by 
Notch Gages 

 ASTM F2170: Standard  Test  Method  for  Determining  Relative  Humidity  in 
Concrete Floor Slabs Using in situ Probes 

https://ewb.ihs.com/#/document/AVQXKFAAAAAAAAAA?qid=636735992911601152&sr=re-1-10&kbid=4%7C20027&docid=941746411&pr=su
https://ewb.ihs.com/#/document/AVQXKFAAAAAAAAAA?qid=636735992911601152&sr=re-1-10&kbid=4%7C20027&docid=941746411&pr=su
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 ICRI 31.02R Guideline: Selecting and Specifying Concrete Surface 
Preparation for Sealers, Coatings, Polymer Overlays, and Concrete Repair 

 NACE 6D163: A Manual for Painter Safety 

 NACE SP0892: Coatings and Linings over Concrete for Chemical Immersion 
and Containment Service 

 NACE NO. 6/SSPC-SP 13: Surface Preparation of Concrete 

 OSHA 1910: Occupational Safety and Health Standards 

 OSHA 1926: Safety and Health Regulations for Construction 

 SSPC GUIDE 12: Guide for Illumination of Industrial Painting Projects 

1.03 QUALITY ASSURANCE 

A. Product and Manufacturer: 

1. Materials specified are those that have been evaluated for the 
specific service and are listed to establish a standard of 
performance and quality. Equivalent materials of other 
manufacturers may be submitted after review and written approval 
of the ENGINEER. 

2. Requests for substitution shall include manufacturer’s literature for 
each product giving name, product number, generic type, 
descriptive information, laboratory testing showing results to equal 
the performance criteria of the products specified herein. In 
addition,  a  list  of  five  projects  shall  be  submitted  in  which  
each  product  has  been used and rendered satisfactory service.  

3. Requests for product substitution shall be made at least 10 days 
prior to the bid date.  

4. Any  material  savings  shall  be  passed  to  the  owner  in  the  
form  of  a  contract  dollar reduction.  

B. Applicator Qualifications: 

1. Contractor   shall   be   a   qualified   Applicator   by   the   corrosion   
protection   lining manufacturer prior to bid date. Submit proof of 
acceptability of Applicator by manufacturer to ENGINEER.   

2. Installation equipment shall be acceptable to the protective lining 
manufacturer.  
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3. Applicator to establish quality control procedures and practices to 
monitor phases of surface  preparation,  storage,  mixing,  
application,  and  inspection  throughout  the duration  of  the  
project.    Contractor  to  provide  a  fulltime,  on-site  person  
whose dedicated  responsibilities  will  include  quality  control  of  
the  corrosion  protection linings.   

C. Performance  Criteria: 

The  surfaces  to  receive  the  protective  lining  shall  be  capable  of 
withstanding  extended  exposure  to 12.5% Sodium Hypochlorite and 
38% Liquid Ammonium Sulfate.  Products must  have  sufficient field  
history  and  accelerated  laboratory  testing  to  substantiate  product  
viability  for  this exposure.  

D. Source Quality Control: 

Provide each component of protective lining system as produced by a 
single manufacturer; including recommended repair mortar, repair overlay 
(resurfacer), interim/base coat and topcoat materials.  

1.04 SUBMITTALS 

A. Shop Drawings:   

Submit for approval prior to commencing any Work:  

1. Product Data Sheets: 

Copies of current technical data for each component specified and 
applied as outlined in this Section.  

2. Material Safety Data Sheets: 

Copies of current MSDS for any materials brought on-site including 
all clean-up solvents, repair or resurfacing mortars and lining 
materials.  

3. Qualification Data: 

Approved Installer Training Certificates from manufacturer.  

4. Performance Testing Reports: 

Copies of test data for the entire physical, chemical, and 
permeation properties listed herein and as outlined within this 
Section.  
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5. Installation Instructions: 

Manufacturer’s written installation instructions for the materials 
specified in this Section.  

6. Construction Details: 

Copies of manufacturer’s computer generated standard lining 
details for specified materials, including wall-to-slab detail, pipe 
termination, and any other detail at the request of the ENGINEER.  

7. Maintenance Manual: 

Upon completion of the Work, submit five copies of corrosion 
protection lining manufacturer’s written instructions for 
recommended maintenance practices.  

8. Product Substitution: 

The specified corrosion protection lining is the minimum standard of 
quality for this project.  Equivalent materials of other manufacturers 
may be substituted only by approval of ENGINEER. Requests for 
material substitutions shall be in accordance with requirements of 
the project specification.  

1.05 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Delivery of Materials: 

1. Deliver material in manufacturer’s original, unopened and 
undamaged packages. 

2. Clearly identify manufacturer, brand name, contents, color batch 
number, and any personal safety hazards associated with the use 
of or exposure to the materials on each package. 

3. Packages showing  indications  of  damage  that  may  affect  
condition  of  contents  are not acceptable.  

B. Storage of Materials:  

1. Materials  shall  be  stored  in  accordance  with  manufacturer's  
recommendations  in enclosed  structures  and  shall  be  protected  
from  weather  and  adverse  temperature conditions.  Flammable 
materials shall be stored in accordance with state and local codes.  
Materials  exceeding  storage  life  as  defined  by  the  
manufacturer  shall  be removed promptly from the site. Store all 
materials only in area or areas designated by the ENGINEER solely 
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for this purpose.  

2. Store  in  original  packaging  under  protective  cover  and  protect  
from  damage  in accordance with manufacturer’s 
recommendations.  

3. Handling of Materials:  Handle materials in such a manner as to 
prevent damage to products or finishes.  

1.06 JOB CONDITIONS 

A. Environmental Requirements: 

1. Proceed with corrosion protection lining work only when 
temperature and moisture conditions of substrates, air temperature, 
relative humidity, dew point and other conditions comply with the 
corrosion protection lining manufacturer’s written recommendations 
and when no damaging environmental conditions are forecasted for 
the time when the material will be vulnerable to such environmental 
damage. 

2. Provide adequate ventilation during installation and full curing 
periods of the protective lining. 

B. Dust and Contaminants:  

Protect work and adjacent areas from excessive dust and airborne 
contaminants during protective lining application and curing. Schedule 
Work to avoid excessive dust and airborne contaminants. 

1.07 WARRANTY 

A. The Protective  Coating  Manufacturer  shall  warranty  its  products  as  
free  from  material defects for a minimum period of three (3) years.  
Provide associated Warranty Certificate.  

B. Contractor shall warranty the installed protective lining system as free 
from workmanship defects for a minimum period of three (3) years. 

PART 2 PRODUCTS 

2.01 SECONDARY CONTAINMENT COATING 

A. The  Secondary  Containment  Coating  shall  be  shall  be  a  high  build  
100%  solids,  epoxy secondary  containment  coating  comprised  
multiple  components  where  stipulated  by  the manufacturer, and may 
include the following: concrete repair mortar, epoxy primer, epoxy base 
coat, flake filler / reinforcement, and topcoat.  
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B. Contractor shall provide all accessory components such as polysulfide 
sealants, and curing compounds, as recommended by the manufacturer 
for maximum protective lining adhesion to substrate, and long-term 
service performance. 

C. Acceptable Systems:  

1. Tnemec   Company   Inc.,   6800   Corporate   Drive,   Kansas City, 
MO 64120, www.tnemec.com :  

a. Skim Coat:  Series 218 Mortarclad at 1/16”  

b. 1st Coat:  Series 104 HS Epoxy at 8-10 mils DFT  

c. 3rd Coat:  Series 104 HS Epoxy at 8-10 mils DFT  

d. All coatings to be sprayed and backrolled.  

2. Dudick Inc., 1818 Miller Parkway, Streetsboro, OH 4421, 
www.dudick.com:  

a. 1st Coat:  Primer 67 or 67C, roll or spray 3-4 mils DFT  

b. 2nd Coat: Protecto-Coat 100XT Basecoat, roll or spray 15-20 
mils DFT 

c. 3rd Coat:  Protecto Coat 100XT Topcoat, roll or spray 15-20 
mils DFT  

3. International  Protective  Coatings,  Tech  Support,  3915  Louisa  
Street,  New  Orleans, LA 70128, 
www.internationalmarine.com/ContactUs/Contact-Us-
Americas.aspx:  

a. Skim Coat: Ceilcote 680M w/S-1 Powder (as needed) 

b. 1st Coat:  Ceilcote 680M @ 2-4 mils DFT  

c. 2nd Coat:  Ceilcote 664 Ceilgard @ 18-24 mils DFT    

d. Expansion Joints: Fill Joints last with EJ-10 Epoxy Joint Filler 

4. Carboline Protective Coatings,  Tech Services Dept, 2150 Schuetz 
Rd.- Saint Louis, Mo 63146  www.carboline.com   

Semstoe 140 AFC Coating system 

a. Vertical Surface 

http://www.carboline.com/
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1. Skim Coat:  Carboguard 510 (as needed)  

2. 1st Coat:  Semstone 110 @ 6-8 mils DFT  

3. 2nd Coat:  Semstone 110 (blended with fine silica and 
semstone thixotrope Part “D”) as required for scratch 
coat.   

4. 3rd  Coat: Semstone 140 (blended with 80/120 mesh 
silica aggregates and semstone thixotrope Part “D”) 
@ 25-32 mils DFT 

b. Horizontal Surface 

1. Skim Coat:  Carboguard 510 (as needed)  

2. 1st Coat:  Semstone 110 @ 5-6 mils DFT w 

3. 2nd Coat:  Semstone 140 @ 25-30 mils DFT   

4. Aggregate Fill: 20/40 mesh Silica aggregate 
(thickness as needed) 

5. 3rd  Coat: Semstone 140 @ 15-20 mils DFT 

c. Expansion Joint 

1. Skim Coat:  Carboguard 510 (as needed)  

2. 1st Coat:  Semstone 110 @ 8 mils DFT  

3. 2nd Coat:  Semstone 805Flexible (blended with 5-6 
quarts of semstone thixotrope Part “D”).   

4. 3rd Coat: Semstone 805Flexible @ 40-50 mils DFT 

5. Reinforcement: Semstone 110 Fabric 

6. 4th Coat: Semstone 805Flexible @ 10 mils DFT  

PART 3  EXECUTION 

3.01 GENERAL  

A. Contractor shall cover or otherwise protect finish work or other surfaces 
not being coated within the scope of this Section.  Contractor  shall  erect  
and  maintain  protective  tarps, enclosures and/or masking to contain 
debris, including dust or other airborne particles from surface  preparation  
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or  application  activities.    This may include the use of dust or debris 
collection apparatus as required at no additional cost to OWNER.  

3.02 INSPECTION  

A. Contractor shall examine the areas and conditions under which the 
protective coating Work is to be performed in accordance with NACE 
SP0892 and SSPC-SP13/NACE No. 6,  and  notify  ENGINEER  in  
writing  of  conditions  detrimental  to  the  proper  and  timely completion 
of the Work.   

B. Commencement  of  the  Work  of  this  Section  shall  indicate  that  the  
substrate  and  other conditions  of  installation  are  acceptable  to  the  
Contractor  and  his  Applicator,  and  will produce  a  finished  product  
meeting  the  requirements  of  the  Specifications.  All defects resulting 
from accepted conditions shall be corrected by Contractor at his own 
expense.  

3.03 PREPARATION 

A. Allow  cast-in-place  concrete  to  cure  for  a  minimum  of  28  days  at  
75°F  (24°C)  and  with adequate air movement before installing the 
corrosion protection lining system.  

B. New concrete surfaces intended to receive protective coating shall be cast 
with a Smooth Form Finish in accordance with ACI 301. Surfaces shall not 
be rubbed, sacked, troweled or otherwise finished in any manner that will 
obscure or cover the parent concrete surface with materials other than 
materials as specified in this Section.  

C. All   surface   washing,   abrasive   blasting,   water-jetting,   grinding,   
patching,   filling   and preparation shall be completed by the Applicator in 
accordance with the Protective Coating Manufacturer’s recommendations.  

D. Substrate:     

Concrete  surfaces  to  be  coated  shall  be  free  of  curing  compounds  
and  form release  agents,  laitance  and  foreign  particles  that  my  
inhibit  bonding.  Power wash to remove lime scales from all wall, floor, 
and ceiling surfaces.  Prior to start of protective coating systems 
application, pre-clean as required, and inspect the substrate  in  
accordance  with  SSPC-SP13/NACE  No.  6, Severe Service.  Surface 
preparation procedures shall be in accordance with NACE SP0892, 
SSPC-SP13/NACE No. 6 and ICRI Guideline No. 310.2.  Surface 
preparation shall expose aggregate and obtain a uniform surface texture 
resembling the minimum recommended concrete surface ICRI-CSP 
profile.  Clean existing concrete floor and column surfaces to receive 



WHCRWA  

CENTRAL PUMP STATION EPOXY CONTAINMENT COATINGS 

 

WHCRWA CENTRAL PUMP STATION 
EPOXY CONTAINMENT COATINGS  

09 96 60 - 9 OF 12 

containment coating per SSPC-SP-1, Abrasive blast until surface profile 
resembles 80 grit sandpaper.  

E. Level  or  grind  concrete  substrates  to  produce  a  uniform  and  smooth  
surface,  including removal of all sharp edges, ridges, form fins, and other 
concrete protrusions. 

F. New  Concrete  Application:     

All  voids,  bugholes,  and  other  surface  depressions  shall  be filled with 
the specified epoxy-modified resurfacer, re-establishing plan finished 
grades and concrete planes.  The  thin  overlay  shall  be  applied  as  a  
continuous  parge  coat  at  a minimum 1/16 inch (1.6 mm) thickness to 
the entire concrete surface.  

G. Existing  Concrete  Application: 

Existing  concrete  structures  to  receive  protective  coating system  must  
be  capable  of  withstanding  imposed  loads.    All oil,  grease,  waste  
and chemical  contaminants  must  be  removed  from  the  surface  of  the  
concrete  prior  to preparation  in  accordance  with  NACE  SP0892  and  
SSPC-SP13/NACE  No.  6.  Concrete surfaces  must  be  sound  and  
capable  of  supporting  the  Protective  Lining  system  as determined  by  
the  engineer.    Surface  preparation  requirement  is  to  expose  a  
sound, uniform  surface  texture  confirming  to  the  minimum  
recommended  ICRI-CSP.    The appropriate cementitious repair mortar or 
epoxy cementitious resurfacer material shall be applied to the entire, 
prepared surface to level surface suitable for coating.  

3.04 APPLICATION 

A. Protective coating systems shall be installed when ambient air and surface 
temperature is above 50°F.  The substrate temperature shall be at least 
5°F (3°C) above the dew point.  Condition the material between 70-80°F 
(21-27°C) for 24 hours prior to use.  Application when   temperatures   
outside   of   this   range   will   require   written   instruction   from   the 
Manufacturer and approval of the ENGINEER.  

B. Verify moisture levels are within the limitation of the coating manufacturer. 

C. Cementitious Repair Mortar:   

Cementitious repair mortar shall be used for structural repairs or surface 
repairs exceeding a depth 1/4 inch (7 mm) in accordance with 
Manufacturer’s written instructions as outlined in the product data sheet 
and application guide.  
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1. Thickness – as required to re-establish original plane.  

D. Epoxy Basecoat / Primer:   

Epoxy lining protective coating shall be roller or spray applied and cured in 
accordance with Manufacturer’s written instructions as outlined in the 
product data sheet and application guide.  

1. Thickness – Epoxy lining shall be applied to a thickness of 2-6 mils 
dry film thickness to the entire surface as recommended by the 
manufacturer.  

E. Epoxy  Interim  /  Basecoat:     

Epoxy  basecoat  shall  be  applied  over  the  epoxy  primer  in 
accordance with  Manufacturer’s written  instructions as  outlined  in  the  
product  data sheet and application guide.  

1. Thickness – Epoxy glaze coat shall be applied to a minimum 
thickness of 10-15 mils dry film thickness (or as recommended by 
the manufacturer) over the entire epoxy primed surface.  

F. Epoxy  Glaze / Topcoat:     

Epoxy  glaze  topcoat  shall  be  applied  over  the  epoxy  interim  / 
basecost in accordance with Manufacturer’s written instructions as 
outlined in the product data sheet and application guide.  

1. Thickness – Epoxy glaze coat shall be applied to a minimum 
thickness of 10-15 mils dry film thickness (or as recommended by 
the manufacturer) over the entire epoxy basecoated surface.  

G. Epoxy Containment System:   

Total installed thickness shall be 28-36mils DFT per system 
manufacturer’s recommendations. 

H. Consult  and  conform  to  the  specific  manufacturer’s  printed  instruction  
for  installation  of coatings.  

3.05 FIELD QUALITY CONTROL, INSPECTION AND TESTING 

A. Contractor  to  perform  the  quality  control  procedures  listed  below  in  
conjunction  with  the requirements of this Section.  

B. Inspect  all  materials  upon  receipt  to  ensure  that  all  are  supplied  by  
the  approved Manufacturer.  
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C. Surface pH Testing:  

The pH of the concrete substrate will be measured using pH indicating 
papers. The pH testing is to be performed once every 50 square feet (5 
square meters). Acceptable pH values shall be a minimum 9.0 as 
measured using color indicating pH paper with readable color calibrations 
and a scale at whole numbers (minimum).  

D. Provide  verification  of  correct  mixing  of  coating  materials  in  
accordance  with  the Manufacturer’s instructions.  

E. Inspect and record that the "pot life" of coating materials is not exceeded 
during installation.  

F. Verify curing of the coating materials in accordance with the 
Manufacturer's instructions.  

G. Dry-Film Thickness:  

1. Wet-Film  Thickness  shall  be  taken  every  100  square  feet  (9  
square  meters)  in accordance with ASTM D 4414 and recorded.  

2. The  Dry-Film  Thickness  can  be  determined  using  a  surface  
area  calculation  for material consumption.  

H. Contractor  is  responsible  for  keeping  the  ENGINEER  informed  of  all  
progress  so  that ENGINEER may provide additional quality control at his 
discretion.  

I. Inspection   by   the   ENGINEER   or   others   does   not   absolve   the   
Contractor   from   his responsibilities for quality control inspection and 
testing as specified herein or as required by the Manufacturer's 
instructions.  

3.06 ACCEPTANCE CRITERIA 

A. All surfaces shall be prepared, applied, and tested in accordance with the 
specification and referenced standards herein.  

3.07 ADJUSTMENTS AND CLEANING  

A. At the completion of the Work, Contractor shall remove all materials and 
debris associated with the Work of this Section. Clean all surfaces not 
designated to receive protective coating.  Restore all other work in a 
manner acceptable to ENGINEER.  

B. All finished protective coating shall be protected from damage until Final 
Acceptance of the Work.  Protective  coating  damaged  in  any  manner  



 WHCRWA 

EPOXY CONTAINMENT COATINGS  CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
EPOXY CONTAINMENT COATINGS  

09 96 60 - 12 OF 12 

shall  be  repaired  or  replaced  at  the discretion of ENGINEER, at no 
additional cost to OWNER.  

3.08 MEASUREMENT AND PAYMENT 

No separate payment for work performed under this Section.  Include cost of 
same in Contract price bid for work of which this is a component part. 

END OF SECTION 
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SECTION 10 14 00 

IDENTIFICATION DEVICES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Tag, tape and stenciling systems for equipment, piping, valves, pumps, 
ductwork and similar items. 

2. Hazard and safety signs. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Mechanical Engineers (ASME): 

a. A13.1, Scheme for the Identification of Piping Systems. 

2. Instrumentation, Systems, and Automation Society (ISA). 

3. National Electrical Manufacturers Association/American National Standards 
Institute (NEMA/ANSI): 

a. Z535.1, Safety Color Code. 

b. Z535.2, Environmental and Facility Safety Signs. 

c. Z535.3, Criteria for Safety Symbols. 

d. Z535.4, Product Safety Signs and Labels.  

4. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC). 

b. 704, Standard System for the Identification of Hazards of Materials for 
Emergency Response. 
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5. Occupational Safety and Health Administration (OSHA): 

a. 29 CFR 1910.145, Specification for Accident Prevention Signs and 
Tags. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Catalog information for all identification systems. 

b. Acknowledgement that products submitted meet requirements of 
standards referenced. 

3. Identification register, listing all items in PART 3 of this Specification 
Section to be identified, type of identification system to be used, lettering, 
location and color. 

4. Schedule of Hazard and Safety Signage indicating text and graphics. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. W.H. Brady Co. 

2. Panduit. 

3. Seton. 

4. National Band and Tag Co. 

5. Carlton Industries, Inc. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MANUFACTURED UNITS 

A. Type A1 - Round Metal Tags: 

1. Materials: 

a. Aluminum or stainless steel. 

b. Stainless steel shall be used in corrosive environments. 

2. Size:  

a. Diameter:  1-1/2 IN minimum. 

b. Thickness:  0.035 IN (20 GA) minimum. 
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3. Fabrication: 

a. 3/16 IN minimum mounting hole. 

b. Legend:  Stamped and filled with black coloring. 

4. Color:  Natural. 

B. Type A2 - Rectangle Metal Tags: 

1. Materials:  Stainless steel. 

2. Size: 

a. 3-1/2 IN x 1-1/2 IN minimum. 

b. Thickness:  0.036 IN (20 GA) minimum. 

3. Fabrication: 

a. 3/16 IN minimum mounting hole. 

b. Legend:  Stamped and filled with black coloring. 

4. Color:  Natural. 

C. Type A3 - Metal Tape Tags: 

1. Materials:  Aluminum or stainless steel. 

2. Size: 

a. Width 1/2 IN minimum. 

b. Length as required by text. 

3. Fabrication: 

a. 3/16 IN minimum mounting hole. 

b. Legend:  Embossed. 

4. Color:  Natural. 

D. Type B1- Square Non-Metallic Tags: 

1. Materials:  Fiberglass reinforced plastic. 

2. Size: 

a. Surface:  2 x 2 IN minimum. 

b. Thickness:  100 mils. 

3. Fabrication: 

a. 3/16 IN mounting hole with metal eyelet. 

b. Legend:  Preprinted and permanently embedded and fade resistant. 

4. Color: 

a. Background:  Manufacturer standard or as specified. 

b. Lettering:  Black. 

E. Type B2 - Non-Metallic Signs: 

1. Materials:  Fiberglass reinforced or durable plastic. 
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2. Size: 

a. Surface:  As required by text. 

b. Thickness:  60 mils minimum. 

3. Fabrication: 

a. Rounded corners. 

b. Drilled holes in corners with grommets. 

c. Legend:  Preprinted, permanently embedded and fade resistant for a 
10-year minimum outdoor durability. 

4. Color: 

a. Background:  Manufacturer standard or as specified. 

b. Lettering:  Black. 

5. Standards for OSHA signs:  NEMA/ANSI Z535.1, NEMA/ANSI Z535.2, 
NEMA/ANSI Z535.3, NEMA/ANSI Z535.4, OSHA 29 CFR 1910.145. 

F. Type C - Phenolic Name Plates: 

1. Materials:  Phenolic. 

2. Size: 

a. Surface:  As required by text. 

b. Thickness:  1/16 IN. 

3. Fabrication: 

a. Outdoor rated and UV resistant when installed outdoors. 

b. Two (2) layers laminated. 

c. Legend:  Engraved through top lamination into bottom lamination. 

d. Two (2) drilled side holes, for screw mounting. 

4. Color:  Black top surface, white core, unless otherwise indicated. 

G. Type D - Self-Adhesive Tape Tags and Signs: 

1. Materials:  Vinyl tape or vinyl cloth. 

2. Size: 

a. Surface:  As required by text. 

b. Thickness:  5 mils minimum. 

3. Fabrication: 

a. Indoor/Outdoor grade. 

b. Weather and UV resistant inks. 

c. Permanent adhesive. 

d. Legend:  Preprinted. 

e. Wire markers to be self-laminating. 

4. Color:  White with black lettering or as specified. 
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5. Standards for OSHA signs:  NEMA/ANSI Z535.1, NEMA/ANSI Z535.2, 
NEMA/ANSI Z535.3, NEMA/ANSI Z535.4, OSHA 29 CFR 1910.145. 

H. Type E - Heat Shrinkable Tape Tags: 

1. Materials:  Polyolefin. 

2. Size:  As required by text. 

3. Fabrication: 

a. Legend:  Preprinted. 

4. Color:  White background, black printing. 

I. Type F - Underground Warning Tape: 

1. Materials:  Polyethylene. 

2. Size: 

a. 6 IN wide (minimum). 

b. Thickness:  3.5 mils. 

3. Fabrication: 

a. Legend:  Preprinted and permanently imbedded. 

b. Message continuous printed. 

c. Tensile strength:  1750 psi. 

4. Color:  As specified. 

J. Type G - Stenciling System: 

1. Materials: 

a. Exterior type stenciling enamel. 

b. Either brushing grade or pressurized spray can form and grade. 

2. Size:  As required. 

3. Fabrication: 

a. Legend:  As required. 

4. Color:  Black or white for best contrast. 

K. Underground Tracer Wire: 

1. Materials: 

a. Wire: 

1) 12 GA AWG. 

2) Solid. 

b. Wire nuts:  Waterproof type. 

c. Split bolts:  Brass. 

2.3 ACCESSORIES 
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A. Fasteners: 

1. Bead chain:  #6 brass, aluminum or stainless steel. 

2. Plastic strap:  Nylon, urethane or polypropylene. 

3. Screws:  Self-tapping, stainless steel. 

4. Adhesive, solvent activated. 

2.4 MAINTENANCE MATERIALS 

A. Where stenciled markers are provided, clean and retain stencils after 
completion and include in extra stock, along with required stock of paints and 
applicators. 

2.5 POWER AND CONTROL RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum 
length of color field for each raceway size. 

B. Colors for Raceways Carrying Circuits at 600 V or Less: 

1. Black letters on an orange field 

2. Legend:  Indicate voltage 

C. Colors for Raceways Carrying Circuits at More Than 600 V: 

1. Black letters on an orange field. 

2. Legend:  "DANGER CONCEALED HIGH VOLTAGE WIRING." 

D. Vinyl Labels for Raceways Carrying Circuits at 600 V or Less:  Preprinted, 
flexible label laminated with a clear, weather- and chemical-resistant coating 
and matching wraparound clear adhesive tape for securing ends of legend 
label. 

E. Tape and Stencil for Raceways Carrying Circuits More Than 600 V:  4-inch- 
wide black stripes on 10-inch centers diagonally over orange background that 
extends full length of raceway or duct and is 12 inches wide.  Stop stripes at 
legends. 

PART 3 - EXECUTION 

3.1 GENERAL INSTALLATION 

A. Install identification devices at specified locations. 

B. All identification devices to be printed by mechanical process, hand printing is 
not acceptable. 

C. Attach tags to equipment with sufficient surface or body area with solvent 
activated adhesive applied to back of each tag. 
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D. Attach tags with 1/8 IN round or flat head screws to equipment without sufficient 
surface or body area, or porous surfaces. 

1. Where attachment with screws should not or cannot penetrate substrate, 
attach with plastic strap. 

E. Single items of equipment enclosed in a housing or compartment to be tagged 
on outside of housing. 

1. Several items of equipment mounted in housing to be individually tagged 
inside the compartment. 

F. Tracer Wire: 

1. Attach to pipe at a maximum of 10 FT intervals with tape or tie-wraps. 

2. Continuous pass from each valve box and above grade at each structure. 

3. Coil enough wire at each valve box to extend wire a foot above the ground 
surface. 

4. 1,000 FT maximum spacing between valve boxes. 

5. If split bolts are used for splicing, wrap with electrical tape. 

6. If wire nuts are used for splicing, knot wire at each splice point leaving 6 IN 
of wire for splicing. 

7. Use continuous strand of wire between valve box where possible. 

a. Continuous length shall be no shorter than 100 FT. 

G. System Identification Color-Coding Bands for Raceways and Cables:  Each 
color-coding band shall completely encircle cable or conduit.  Place adjacent 
bands of two-color markings in contact, side by side.  Locate bands at changes 
in direction, at penetrations of walls and floors, at 50-foot maximum intervals in 
straight runs, and at 25-foot maximum intervals in congested areas. 

3.2 SCHEDULES 

A. Hazard and Safety Signage: 

1. Permit Required Confined Space signage: 

a. Tag Type: Type B2 – Nonmetallic Signs. 

b. Fastener: Screw or adhesive. 

c. Size: 10 IN x 14 IN. 

d. Location: As indicated on Drawings. 

e. Location: Field located as directed by Engineer and Owner. 

1) Allowance: Provide 10 signs. 

f. Legend: 

1) OSHA Danger sign 

2) Description of hazard: “PERMIT REQUIRED CONFINED SPACE 
DO NOT ENTER”. 
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g. Miscellaneous OSHA hazard signage: 

h. Tag Type: Type B2 – Nonmetallic Signs. 

i. Fastener: Screw or adhesive. 

j. Size: 10 IN x 14 IN. 

k. Location: As indicated on Drawings. 

l. Location: Field located as directed by the Owner. 

1) Allowance: Provide 10 OSHA Danger, Caution, Safety Instruction 
or Biohazard signs as directed by the Owner. 

m. Legend: 

1) Description of hazard shall be determined by Engineer. 

2) Provide international graphic symbology where indicated. 

2. No Smoking Signage: 

a. Tag Type: Type B2 – Nonmetallic Signs. 

b. Fastener: Screw or adhesive. 

c. Size: 10 IN x 14 In. 

d. Location: on the doors entering into the room with flammable gas or 
other material requiring No Smoking signage, as indicated on the 
Drawings. 

e. Location: Field located as directed by the Owner. 

1) Allowance: Provide 10 “NO SMOKING” signs. 

f. Legend: “NO SMOKING” with international graphic symbology, 
adhering to the International Fire Code. 

g. Hazardous Material Identification Signage: 

h. Tag Type: Type B2 – Nonmetallic Signs. 

i. Fastener: Screw or adhesive. 

j. Size (NFPA Diamond): Per NFPA 704, 10” minimum. 

k. Size (Hazardous Material name, with concentration % where 
applicable): 2 IN minimum letters, directly below corresponding NFPA 
Diamond. 

l. Location: On the doors entering into the rooms with Hazardous 
Material, as indicated on the Drawings. 

m. Location: Field located as directed by the Owner. 

1) Allowance: Provide 10 NFPA 704 Diamond signs. 

2) Allowance: Provide 10 for Hazardous Material Name. 

n. Legend: 

1) NFPA 704 Diamond hazard numbers: As directed by the Owner 
appropriate for the Hazardous Material. 

2) Hazardous Material Name: As directed by the Owner. 
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B. Process Systems: 

1. General: 

a. Provide arrows and markers on piping. 

1) At 20 FT maximum centers along continuous lines. 

2) At changes in direction (route) or obstructions. 

3) At valves, risers, "T" joints, machinery or equipment. 

4) Where pipes pass through floors, walls, ceilings, cladding 
assemblies and like obstructions provide markers on both sides. 

b. Position markers on both sides of pipe with arrow markers pointing in 
flow direction. 

1) If flow is in both directions use double headed arrow markers. 

c. Apply tapes and stenciling in uniform manner parallel to piping. 

2. Trenches with piping: 

a. Tag type:  Type F - Underground Warning Tape 

b. Location:  Halfway between top of piping and finished grade. 

c. Letter height:  1-1/4 IN minimum. 

d. Natural gas or digester gas: 

1) Color:  Yellow with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED GAS LINE BELOW” 

e. Potable water: 

1) Color:  Blue with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED WATER LINE BELOW” 

f. Storm and sanitary sewer lines: 

1) Color:  Green with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED SEWER LINE BELOW” 

g. (Nonpotable) water piping, except 3 IN and smaller irrigation pipe: 

1) Color:  Green with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED NONPOTABLE WATER LINE BELOW” 
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h. Chemical feed piping (e.g., chlorine solution, polymer solution, caustic 
solution, etc.): 

1) Color:  Yellow with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED CHEMICAL LINE BELOW” 

i. Other piping (e.g., compressed air, irrigation, refrigerant, heating water, 
etc.): 

1) Color:  Yellow with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION” 

b) Second line:  “BURIED PIPE LINE BELOW” 

3. Yard valves, buried, with valve box and concrete pad: 

a. Tag type:  Type A2 - Rectangle Metal Tags. 

b. Fastener:  3/16 IN x 7/8 IN plastic screw anchor with 1 IN #6 stainless 
steel pan head screw. 

c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Valve designation as indicated on the Drawings (e.g., “V-xxxxx”). 

4. Valves and slide gates: 

a. Tag type: 

1) Outdoor locations:  Type B1 - Square Non-Metallic Tags. 

2) Indoor non-corrosive: 

a) Type A1 - Round Metal Tags. 

b) Type B1 - Square Non-Metallic Tags. 

3) Indoor corrosive: 

a) Stainless steel Type A1 - Round Metal Tags. 

b) Type B1 - Square Non-Metallic Tags. 

b. Fastener: 

1) Type A1:  Chain of the same material. 

2) Type B1:  Stainless steel chain. 

c. Color:  Per ASME A13.1 corresponding to the piping system. 

d. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Valve designation as indicated on the Drawings (e.g., “xx”). 

5. Process equipment (e.g., pumps, pump motors, blowers, air compressors, 
bar screens, clarifier drive mechanism, etc.): 
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a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type D - Self-Adhesive Tape Tags and Signs. 

3) Type G - Stenciling System. 

b. Fastener: 

1) Self. 

2) Screws. 

3) Adhesive. 

c. Legend: 

1) Letter height:  1/2 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., “Primary 
Sludge Pump P-xxxxx”). 

6. Piping systems: 

a. Tag type: 

1) Outdoor locations:  Type G - Stenciling System. 

2) Indoor locations: 

a) Type D - Self-Adhesive Tape Tags and Signs. 

b) Type G - Stenciling System. 

b. Fastener:  Self. 

c. Color:  Per ASME A13.1. 

d. Legend: 

1) Letter height:  Manufacturers standard for the pipe diameter. 

2) Mark piping in accordance with ASME A13.1. 

3) Use piping designation as indicated on the Drawings. 

4) Arrow:  Single arrow. 

7. Process tanks (over 1000 GAL) and basins, (e.g., chemical storage, 
clarifiers, trickling filters, digesters, etc): 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type G - Stenciling System. 

b. Fastener: 

1) Screw. 

2) Self. 

c. Location as directed by Owner. 

d. Legend: 

1) Letter height:  4 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., 
“Chlorine Tank CLT-xxxxx”). 
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8. Tanks (less than 1000 GAL) (e.g., break tanks, chemical tanks, hydro-
pneumatic tanks, air receivers, etc.): 

a. Tag type: 

1) Type D - Self-Adhesive Tape Tags and Signs. 

2) Type G - Stenciling System. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  2 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., 
“Chlorine Tank CLT-xxxxx”) 

9. Equipment that starts automatically: 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener: 

1) Type B2 - Screw or adhesive. 

2) Type D - Self. 

c. Size:  5 IN x 7 IN 

d. Location:  See attachment. 

e. Legend: 

1) OSHA Warning Sign. 

2) Description of Warning:  “THIS MACHINE STARTS 
AUTOMATICALLY”. 

C. Instrumentation Systems: 

1. Instrumentation Equipment (e.g., flow control valves, primary elements, 
etc.): 

a. Tag type: 

1) Outdoor locations:  Type B1 - Square Non-Metallic Tags. 

2) Indoor non-corrosive: 

a) Type A1 - Round Metal Tags. 

b) Type B1 - Square Non-Metallic Tags. 

3) Indoor corrosive: 

a) Stainless steel Type A1 - Round Metal Tags. 

b) Type B1 - Square Non-Metallic Tags. 

b. Fastener: 

1) Type A1:  Chain of the same material. 

2) Type B1:  Stainless steel chain. 
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c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Equipment ISA designation as indicated on the Drawings (e.g., 
“FIT-xxxxx”). 

2. Enclosure for instrumentation and control equipment, (e.g., PLC control 
panels, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/2 IN minimum. 

2) Equipment name (e.g., "PLC CONTROL PANEL PCP-xxxxx"). 

3. Components inside equipment enclosure, (e.g., PLC’s, control relays, 
contactors, and timers): 

a. Tag type:  Type D - Self-Adhesive Tape Tags. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  3/16 IN minimum. 

2) Description or function of component (e.g., "PLC-xxxxx” or “CR-
xxxxx"). 

4. Through enclosure door mounted components (e.g., selector switches, 
controller digital displays, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Component ISA tag number as indicated on the Drawings (e.g., 
“HS-xxxxx”). 

D. HVAC Systems: 

1. General: 

a. Provide arrows and markers on ducts. 

1) At 20 FT maximum centers along continuous lines. 

2) At changes in direction (route) or obstructions. 

3) At dampers, risers, branches, machinery or equipment. 

4) Where ducts pass through floors, walls, ceilings, cladding 
assemblies and like obstructions provide markers on both sides. 

b. Position markers on both sides of duct with arrow markers pointing in 
flow direction. 

1) If flow is in both directions use double headed arrow markers. 
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c. Apply tapes and stenciling in uniform manner parallel to ducts. 

2. HVAC Equipment (e.g., unit heaters, exhaust fans, air handlers, etc.): 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., "EF-
xxxxx"). 

3. Ductwork: 

a. Tag type: 

1) Type D - Self-Adhesive Tape Tags and Signs. 

2) Type G - Stenciling System. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  1 IN minimum. 

2) Description of ductwork, (e.g., “AIR SUPPLY”). 

3) Arrows:  Single arrow. 

4. Enclosure for instrumentation and control equipment, (e.g., fan control 
panels, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/2 IN minimum. 

2) Equipment designation as indicated on the Drawings (e.g., "FAN 
CONTROL PANEL FCP-xxxxx"). 

5. Wall mounted thermostats: 

a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  3/16 IN minimum. 

2) Description of equipment controlled (e.g., "UH-xxxxx" or AHU-
xxxxx"). 

6. Components inside equipment enclosure, (e.g., controller’s, control relays, 
contactors, and timers): 

a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 
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c. Legend: 

1) Letter height:  3/16 IN minimum. 

2) Description or function of component (e.g., "CR-xxxxx"). 

7. Through enclosure door mounted equipment (e.g., selector switches, 
controller digital displays, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Component tag number as indicated on the Drawings or as defined 
by contractor  (e.g., “HS-xxxxx”). 

E. Electrical Systems: 

1. Concealed Raceways, Duct Banks, More Than 600 V, within Buildings:  
Tape and stencil 4-inch- wide black stripes on 10-inch centers over orange 
background that extends full length of raceway or duct and is 12 inches 
wide.  Stencil legend "DANGER CONCEALED HIGH VOLTAGE WIRING" 
with 3-inch- high black letters on 20-inch centers.  Stop stripes at legends.  
Apply to the following finished surfaces: 

a. Floor surface directly above conduits running beneath and within 12 
inches of a floor that is in contact with earth or is framed above 
unexcavated space. 

b. Wall surfaces directly external to raceways concealed within wall. 

c. Accessible surfaces of concrete envelope around raceways in vertical 
shafts, exposed in the building, or concealed above suspended ceilings. 

2. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, 
Feeder, and Branch Circuits More Than 30A, and 120V to ground:  Identify 
with self-adhesive vinyl label.  Install labels at 10-foot maximum intervals. 

3. Trenches with ductbanks, direct-buried conduit, or direct-buried wire and 
cable. 

a. Tag type:  Type F - Underground Warning Tape. 

b. Letter height:  1-1/4 IN minimum. 

c. Location: 

1) Where trench is 12 IN or more below finished grade:  In trench 6 IN 
below finished grade. 

2) Where trench is less than 12 IN below finished grade:  In trench 3 
IN below finished grade. 

d. Electrical power (e.g., low and medium voltage): 

1) Color:  Red with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION”. 
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b) Second line:  “BURIED ELECTRIC LINE BELOW”. 

e. Communications (e.g., telephone, instrumentation, LAN, SCADA): 

1) Color:  Orange with black letters. 

2) Legend: 

a) First line:  “CAUTION CAUTION CAUTION”. 

b) Second line:  “BURIED COMMUNICATION LINE BELOW”. 

4. Exterior pad mounted equipment (e.g., transformers, switchgear): 

a. Tag type:  Type D - Self-Adhesive Tape Tags. 

b. Fastener:  Self. 

c. General legend: 

1) Letter height: 

a) First line:  1-1/2 IN minimum. 

b) Subsequent lines:  1/2 IN minimum. 

2) First line:  Equipment name (e.g., "TRANSFORMER Txxx"). 

3) Second line:  System voltage (e.g., "13,800 V:  480/277 V"). 

d. Each section/cubical legend: 

1) Letter height:  1-1/2 IN minimum. 

2) Description of source or load (e.g., "MAIN DISCONNECT" or "TO 
SWITCHGEAR SGxxx" or "TO TRANSFORMER Txxx"). 

5. Switchgear, switchboards and motor control centers: 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Main equipment legend: 

1) Letter height: 

a) First line:  1 IN minimum. 

b) Subsequent lines:  3/8 IN minimum. 

2) First line:  Equipment name (e.g., "MAIN SWITCHBOARD 
MSBxxx"). 

3) Second line: 

a) Source of power (e.g., "FED FROM MCCxxx LOCATED IN 
ROOM xxx"). 

b) The source of power room number is only required when there 
are multiple electrical rooms, if the source is in another building, 
the building name or number shall be used. 

4) Third line:  System voltage and phase (e.g., “480/277 V, 3PH”). 

d. Main and feeder device legend: 

1) Letter height:  3/8 IN minimum. 
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2) Description of load (e.g., “MAIN DISCONNECT”, "PUMP Pxxx" or 
"PANELBOARD HPxxx"). 

6. Panelboards and transformers: 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height: 

a) First line:  3/8 IN minimum. 

b) Subsequent lines:  3/16 IN minimum. 

2) First line:  Equipment name (e.g., "PANELBOARD LPxxx" or 
"TRANSFORMER Txxx").  

3) Second line (panelboards only):  System voltage and phase (e.g., 
“208/120V, 3PH”). 

7. Transfer switches: 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height: 

a) First line:  3/8 IN minimum. 

b) Subsequent lines:  3/16 IN minimum. 

2) First line:  Equipment name (e.g., "AUTOMATIC TRANSFER 
SWITCH ATSxxx"). 

8. Safety switches, separately mounted circuit breakers and motor starters, 
VFD’s, etc.: 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) First line:  Description of load equipment is connected to (e.g., 
"PUMP Pxxx"). 

9. Enclosure for instrumentation and control equipment, (e.g., lighting control 
panels, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 

c. Legend: 

1) Letter height:  1/2 IN minimum. 

2) Equipment name (e.g., "LIGHTING CONTROL PANEL LCPxxx"). 
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d. Provide the following diagrams and tables on the inside door of each 
MCC/Panel/Cabinet Compartment: 

1) Elementary wiring disgram (laminated, clean, and legible). 

2) If, after a reasonable effort, the factory panel and design will not 
accommodate the laminated diagram, attached to the door, it may 
be placed in a document pouch designed into the panel for this 
purpose. 

3) Table of Overload Heater elements/settings with the correct 
settings highlighted. 

4) Table of motor circuit protector/breaker settings with the correct 
settings highlighted. 

e. All components inside MCC/panels/cabinet compartments to be clearly 
labeled and identified with permanent, laminated or plastic phenolic 
identification tag/label.  Tags/Labels to be neatly (square.plumb, level) 
and securely installed on the back plate. All components (i.e. All relays, 
terminal blocks, transformers, fuse blocks, modules, rectifiers, 
auxillary/accessory devices, etc.) to be tagged/labeled/identified to 
correspond to the applicable letters/numbers used on the terminal 
blocks or wiring diagrams. 

f. All devices mounted to MCC/panel/cabinet compartment doors to be 
labeled outside doors as follows: 

1) Engrave stock, melamine plastic laminate, 1/16-inch thick for signs 
up to 20-sq inches. (129 sq. cm) 1/8-inch (3.2 mm) thick for larger 
sizes. 

a) Engraved Legend: Black Letters on white face. 

b) Punch for mechanical fasteners, 

2) Fasteners for Plastic laminated and Metal Signs: Self tapping 316-
SS screws or No. 4/40 316-SS machine screws. Tap and thread as 
needed for U.S.E. 316-SS flat nuts. 

10. Components inside equipment enclosures (e.g., circuit breakers, fuses, 
control power transformers, control relays, contactors, timers, etc.): 

a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  3/16 IN minimum. 

2) Description or function of component (e.g., "M-xxxxx”, “CR-xxxxx” 
or “TR-xxxxx"). 

11. Through enclosure door mounted equipment (e.g., selector switches, 
controller digital displays, etc.): 

a. Tag type:  Type C - Phenolic Name Plates. 

b. Fastener:  Screws. 
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c. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Component tag number as indicated on the Drawings or as defined 
by contractor (e.g., “HS-xxx”). 

d. All devices mounted to MCC/panel/cabinet compartment doors to be 
labeled inside doors as follows 

1) Use self-stick labels as manufactured by Brady or pre-approved 
equal. 

2) Secure label above each device so as wiring of device will not 
interfere with reading of label. 

3) Nomenclature on label shall match tag on outside of door (i.e. 
HAND OFF AUTO, RUN, RESET, ALARM, etc. along with 
corresponding Pump/Equipment No.). 

12. Conductors in control panels and in pull or junction boxes where multiple 
circuits exist. 

a. Tag type:  Type D - Self-Adhesive Tape Tags. 

b. Fastener:  Self. 

c. Tag conductor at both ends. 

d. Legend: 

1) Letter height:  1/8 IN minimum. 

2) Circuit number or wire number as scheduled on the Drawings or as 
furnished with the equipment. 

13. Conductors in cable trays.  

a. Tag type:  Type D - Self-Adhesive Tape Tags. 

b. Fastener:  Self. 

c. Tag all conductors at the same location in the tray at 50FT maximum 
intervals. 

d. Legend: 

1) Letter height:  1/8 IN minimum. 

2) Circuit number or wire number as scheduled on the Drawings. 

14. Conductors in handholes and manholes. 

a. Tag type:  Type A3 - Metal Tape Tags. 

b. Fastener:  Nylon strap. 

c. Tag conductor at both ends. 

d. Legend: 

1) Letter height:  1/8 IN minimum. 

2) Circuit number or wire number as scheduled on the Drawings. 

15. Grounding conductors associated with grounding electrode system in 
accordance with the following: 
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a. Tag type:  Type D - Self-Adhesive Tape Tags. 

b. Fastener:  Self. 

c. Legend: 

1) Letter height:  1/8 IN minimum. 

2) Function of conductor (e.g., "MAIN BONDING JUMPER", "TO 
GROUND RING", "TO MAIN WATER PIPE"). 

16. Flash protection for switchboards, panelboards, industrial control panels 
and motor control centers: 

a. Tag type:  Type D - Self-Adhesive Tape Signs. 

b. Fastener:  Self. 

c. Legend:  Per NFPA 70. 

17. Poles: 

a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener: 

1) Metal pole:  Self. 

2) Wood pole: 

a) Self mount tag on aluminum utility panel. 

b) Panel thickness:  20 mils. 

c) Two (2) mounting holes. 

d) Screw or nail panel to pole. 

c. Color:  Yellow with black letters. 

d. Legend: 

1) Letter height:  1 IN minimum. 

2) Pole number as scheduled on the Drawings. 

18. Power cable trays: 

a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 

c. Size:  1-3/4 IN x 2-1/2 IN. 

d. Location: 

1) Every 50 FT maximum. 

2) Label each barriered section of tray. 

e. Legend: 

1) OSHA Danger Sign. 

2) Description of Danger, (e.g., “UP TO 480 VOLTS”). 

19. Control cable trays: 

a. Tag type:  Type D – Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self.  
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c. Size:  1-3/4 IN x 2-1/2 IN. 

d. Location:  Every 50 FT maximum. 

e. Legend: 

1) OSHA Danger Sign. 

2) Description of Danger, (e.g., “LESS THAN 50 VOLTS, CLASS 2 
OR 3” or “ANALOG INSTRUMENTATION” or “DIGITAL 
COMMUNICATION”). 

20. Telecommunication cable trays: 

a. Tag type:  Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener:  Self. 

c. Location:  Every 20 FT maximum. 

d. Legend: 

1) Letter height:  1/4 IN minimum. 

2) Description of tray, (e.g., “TELECOMMUNICATIONS”). 

21. Entrances to electrical rooms: 

a. Tag type:  Type B2 - Non-Metallic Signs. 

b. Fastener:  Screw or adhesive. 

c. Size:  5 IN x 7 IN. 

d. Location:  Each door to room. 

e. Legend: 

1) OSHA Danger Sign. 

2) Description of Danger:  “HIGH VOLTAGE, AUTHORIZED 
PERSONNEL ONLY”. 

22. Entrances to Telecommunications Rooms: 

a. Tag type:  Type B2 - Non-Metallic Signs. 

b. Fastener:  Screw or adhesive.  

c. Size:  5 IN x 7 IN. 

d. Location:  Each door to room. 

e. Legend: 

1) OSHA Warning Sign. 

2) Description of Warning:  “TELECOMM ROOM, AUTHORIZED 
PERSONNEL ONLY”. 

23. Equipment where more than one (1) voltage source is present: 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type D - Self-Adhesive Tape Signs. 

b. Fastener: 

1) Screw or adhesive. 
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2) Self. 

c. Size:  1-3/4 IN x 2-1/2 IN. 

d. Location:  Exterior face of enclosure or cubical. 

e. Legend: 

1) OSHA Danger Sign. 

2) Description of Danger:  “MULTIPLE VOLTAGE SOURCES”. 

24. Equipment with more than one (1) service disconnect: 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener: 

1) Screw or adhesive. 

2) Self. 

c. Size:  5 IN x 7 IN. 

d. Location:  Near service disconnect. 

e. Legend: 

1) OSHA Danger Sign. 

2) Description of Danger:  “THIS EQUIPMENT HAS XX SERVICE 
DISCONNECTS”.  

25. Buildings with more than one (1) service entrance: 

a. Tag type: 

1) Type B2 - Non-Metallic Signs. 

2) Type D - Self-Adhesive Tape Tags and Signs. 

b. Fastener: 

1) Screw or adhesive. 

2) Self. 

c. Size:  5 IN x 7 IN. 

d. Location:  On service entrance equipment, near service disconnect. 

e. Legend: 

1) OSHA Danger Sign. 

3.3 HAZARD AND SAFETY SIGNS 

A. Provide Hazard and Safety Signs as noted in the attachment.  

END OF SECTION 
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ATTACHMENT A 

 
Location of process system schedules for equipment that starts automatically: 

1. 03-HSP1-HSP-01001 

2. 03-HSP2-HSP-02001 

3. 03-HSP3-HSP-03001 

4. 03-HSP4-HSP-04001 

 

Provide Hazard and Safety Signs as follows: 

1. Number: 4 

2. Type B2. 

3. Inscription as directed by Owner. 

4. See Drawings for location and text. 

 

END OF SECTION
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SECTION 10 14 23 

SIGNAGE 
PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes:
1. Room identification signs.
2. Other identification signs:

a. Fire and/or smoke barrier identification signs.
3. Aluminum letters.
4. Landscape and outdoor signage.

B. Related Specification Sections include but are not necessarily limited to:
1. Division 00 - Procurement and Contracting Requirements.
2. Division 01 - General Requirements.
3. Section 10 14 00 - Identification Devices.

1.2 QUALITY ASSURANCE 

A. Referenced Standards:
1. Americans with Disabilities Act (ADA):

a. Accessibility Guidelines for Buildings and Facilities (ADAAG).
2. ASTM International (ASTM):

a. B26, Standard Specification for Aluminum-Alloy Sand Castings.
3. Building code:

a. International Code Council (ICC):
1) International Building Code and associated standards, 2015

Edition including all amendments, referred to herein as
Building Code.

1.3 DEFINITIONS 

A. Wet and/or Corrosive Areas:  For the purposes of this Specification
Section, the following rooms or areas are considered wet and/or
corrosive:

1.4 SUBMITTALS 

A. Shop Drawings:
1. See Specification Section 01 33 00 for requirements for the

mechanics and administration of the submittal process.
2. Product technical data including:
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a. Acknowledgement that products submitted meet requirements of
standards referenced.

b. Manufacturer's installation instructions.
c. Color charts for Engineer's color selection.

1) Color selection shall be made from manufacturer's complete
color line including all premium and special colors.

3. Schedule of all signs indicating text and graphics.
4. Layout drawings of all signage showing size, letter style, text, border,

finish, and installation detail.
a. Provide drawings for:

1) Room , exit identification signs.
2) Fire and/or smoke barrier identification signs.
3) Aluminum letters.
4) Landscape and outdoor signage.

B. Samples:
1. Room , exit identification signs.
2. Fire and/or smoke barrier identification signs.
3. Aluminum letters.
4. Landscape and outdoor signage.

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following
manufacturers are acceptable:
1. Room , exit identification signs:

a. ASE - Architectural Signs and Engraving.
b. ASI Signage Innovations.
c. Best Sign Systems.
d. Mohawk Sign Systems.
e. Nelson-Harkins.
f. Southwell Co.
g. Stamprite Supersine Identification Specialists.

2. Fire and/or smoke barrier identification signs:
a. Brady.
b. Panduit.
c. Seton.
d. Carlton Industries.

B. Submit request for substitution in accordance with Specification Section
01 25 13.
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2.2 MATERIALS 

A. Room , Exit Identification Signs:
1. Interior:

a. Dry, non-corrosive areas:  Melamine plastic suitable for raised
lettering and Braille.

b. Wet and/or corrosive areas:  Aluminum or fiberglass suitable for
raised lettering and Braille.

2. Exterior:  Aluminum or fiberglass suitable for raised lettering and
Braille.

B. Fire and/or Smoke Barrier Identification Signs:
1. Self-adhesive vinyl tape or vinyl cloth or stenciling system.

2.3 FABRICATION 

A. Room and Exit Identification Signs:
1. General:

a. Raised text, border and graphics.
1) Minimum 1/32 IN height.
2) Provide international graphic symbology for all toilet, locker

and shower rooms or combinations thereof, and for unisex
toilet rooms and stairs.

3) Provide handicap symbol on all signs for rooms meeting
handicap requirements.

b. Grade 2 Braille.
c. Finish:  Eggshell.

1) Color:  To be selected.
d. Text:

1) Typeface:  Sans Serif.
2) Size:  Minimum 3/4 IN high.

e. Text as indicated in the SCHEDULES Article in PART 3 of this
Specification Section.

f. Exterior signs shall be rated for exterior use.
g. All signs shall comply with requirements of ADA state or local

authority, if appropriate.
B. Fire and/or Smoke Barrier Identification Signs:

1. Self-adhesive tape tags and signs:
a. Materials:  Vinyl tape or vinyl cloth.
b. Size:

1) Surface:  As required by text.
2) Thickness:  5 mils minimum.
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c. Fabrication:
1) Indoor/Outdoor grade.
2) Weather and UV resistant inks.
3) Permanent adhesive.
4) Legend:  Preprinted.
5) Self-laminating.

d. Color:  White with black lettering or as specified.
2. Stenciling system:

a. Materials:
1) Exterior type stenciling enamel.
2) Either brushing grade or pressurized spray can form and

grade.
b. Size:  As required.
c. Fabrication:

1) Legend:  As required.
d. Color:  Black or white for best contrast.

C. Hazard Communication Signage (OSHA signage):  See Specification

Section 10 14 00.

2.4 MAINTENANCE MATERIALS 

A. Where stenciled markers are provided, clean and retain stencils after
completion and include in extra stock, along with required stock of paints
and applicators.

PART 3 - EXECUTION 

3.1 INSTALLATION 

A.A. Room Identification Signs:
1.1. Install signs using foam tape for interior signs and stainless steel

screws (minimum of two (2)) for exterior signs.
a.a. Stainless steel screws shall be painted to match sign color.

2.2. Mounting Locations:
a.a. Tactile characters on signs shall be located 48 IN minimum above

the finished floor or ground surface, measured from the baseline
of the lowest tactile character and 60 IN maximum above the
finish floor or ground surface, measured from the baseline of the
highest tactile character.



3.2 OUTDOOR SIGN CONSTRUCTION METHODOLOGY 

A. All signage shall be fabricated and or installed in accordance with all
pertinent building and safety codes, regulations, and standards.

B. All signs, mounting devices, and bases should be tamper-resistant. This
may include covers for bolts and screws, using tamper resistant fasteners,
and other measures.

C. Any concrete bases for signage are to be poured in place and are to
extend beneath the frost line, or deeper to meet code. The Contractor is
responsible for the necessary templates, mounting plates and hardware
for concrete and masonry bases. A minimum 15cm concrete pad, or
other equally effective measure, must be added around each concrete
base as protection from landscaping maintenance.

D. All masonry (concrete block, poured concrete, brick, slab, veneer, mortar,
etc.) is to be properly treated and protected to maintain the structural
integrity of the masonry work with exposure to all environmental
conditions found at the site. For exposed or visible masonry, this shall
include the application of protective sealers or similar finishes to diminish
the effects of close-proximity sprinkling or irrigation systems

b. Where a tactile  sign is provided at a door, the sign shall be
located alongside the door at the latch side.  Where a tactile sign
is provided at double doors with one active leaf, the sign shall be
located on the inactive leaf.  Where a tactile sign is provided at
double doors with two active leafs, the sign shall be located to the
right side of the right hand door.  Where there is no wall space at
the latch side of a single door or at the right side of double doors,
signs shall be located on the nearest adjacent wall.

c. Signs containing tactile characters shall be located so that a clear
floor space of 18 IN minimum by 18 IN minimum, centered on the
tactile characters, is provided beyond the arc of any door swing
between the closed position and 45 degree open position.

3. Interior and exterior signs identifying permanent rooms and spaces
shall comply with ADA state or local authority, if appropriate.

B. Fire and/or Smoke Barrier Identification Signs:
1. Provide marking and identification in compliance with Building Code.
2. Locate in accessible concealed floor, floor-ceiling, or attic spaces.
3. Repeat at intervals not exceeding 15 FT measured horizontally.
4. Lettering:  Not less than 1/2 IN high.
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3.3 WIND LOAD 
A. Signs and mounting devices shall be engineered to withstand a minimum

30-psf wind load normal to the sign, or greater as per local code, in
addition to the weight of the sign. The Contractor shall determine
appropriate method of anchoring signs to the locations specified to meet
these requirements as well as all local code requirements.

3.4 ONSITE SIGNAGE MINIMUMS
 Site signage (3.2-3.7) will go through a submittal process at the Owner’s 

direction. 
3.5 ENTRYWAY SIGNAGE

A. One (1) large monument-entryway sign at the South Entrance in the style
of the Administration building, with masonry columns. Two sided. See
drawing 01L401 and 01L402 for details. Power required. 10-8”- 7-0”

B. One (1) small entryway sign at the North Entrance for service and
deliveries entrance. No power needed. 4’x3’ or as decided by Owner or
Engineer. See 01L401 for details. Must include logo, address, and the text
‘TRUCK ENTRANCE DELIVERIES’.

SIGNAGE

3.6 EDUCATIONAL SIGNAGE 

A. Five (5) educational signs will be installed onsite. See drawings for
approximate placement. Size 14”x14” or larger.

B. Required Subject Areas

1) Wildflower Meadow
2) Permeable Pavers
3) Cistern
4) Water Wise Plants
5) Bioswale

C. Acceptable materials, High Pressure Laminate (iZone Imaging), 1/8”
aluminum, or other material that meets the following standards:
1. Signs should have a 10-year warranty against fading, peeling, cracking

and delaminating and have a graffiti resistant coating.

D. Suggested comparable: Pulse Design Nature Series - Interpretive trail sign
(pulsedesign.com)
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3.8 SCHEDULES

A. Room and Exit Identification Signs:

BUILDING LOCATION MOUNTING VERBIAGE REMARKS 

OPERATIONS BUILDING 

DOOR 02-A101A INTERIOR EXIT 3 

DOOR 02-A101C INTERIOR OPERATIONS 2 

DOOR 02-A101C INTERIOR EXIT 3 

DOOR 02-A102A INTERIOR BOARDROOM 2 

DOOR 02-A102B INTERIOR BOARDROOM 2 

DOOR 02-A102D INTERIOR EXIT 3 

DOOR 02-A103A INTERIOR CATERING 3 

DOOR 02-A103B INTERIOR CATERING 3 

DOOR 02-A104 INTERIOR STORAGE 2 

DOOR 02-A106 INTERIOR WOMEN’S RR 1, 3 

DOOR 02-A107 INTERIOR MEN’S RR 1, 3 

DOOR 02-A108 INTERIOR OPERATIONS 3 

Door 02-A108 INTERIOR EXIT 3 

DOOR 02-A109 INTERIOR EXIT 3 

DOOR 02-A110 INTERIOR CONTROL ROOM 3 

3.7 PLANT PLAQUES 
A. Each waterwise plant or any plant at the Owner or Engineer’s request should

be labeled with silver-tone (or other) rounded rectangular plaques made from
24-gauge 304 stainless steel or other weather hardy material. Size 4”x2”or
6”x4”.

B. Plants must be labeled with approved common names and scientific names.
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BUILDING LOCATION MOUNTING VERBIAGE REMARKS 

DOOR 02-A111 INTERIOR ELECTRICAL 2 

DOOR 02-A112 EXTERIOR MECHANICAL ROOM 2 

DOOR 02-A113 EXTERIOR STORAGE 2 

DOOR 02-A114 INTERIOR STORAGE 3 

DOOR 02-A115 INTERIOR STORAGE 3 

DOOR 02-A116 INTERIOR EMERGENCY QUARTERS 3 

DOOR 02-A117 INTERIOR UTILITY ROOM 3 

DOOR 02-A119 INTERIOR MEN’S RR 1, 3 

DOOR 02-A120 INTERIOR SHOWER 3 

DOOR 02-A122 INTERIOR WOMEN’S RR 1, 3 

DOOR 02-A123 INTERIOR UNISEX RESTROOM 1, 3 

DOOR 02-A124 INTERIOR JANITOR 2 

DOOR 02-A125 INTERIOR STORAGE 2 

DOOR 02-A126A INTERIOR LAB 2 

DOOR 02-A127 INTERIOR FILE ROOM 2 

DOOR 02-A130 INTERIOR EXIT 3 

DOOR 02-A131 INTERIOR OFFICE 3 

DOOR 02-A132 INTERIOR OFFICE 3 

DOOR 02-A133 INTERIOR OFFICE 3 

DOOR 02-A134 INTERIOR BREAK ROOM 3 

DOOR 02-A136A INTERIOR CONFERENCE ROOM 3 

DOOR 02-A136B INTERIOR CONFERENCE ROOM 2 

DOOR 02-A137 INTERIOR SERVER ROOM 2 

PUMP BUILDING 

DOOR 03-101A EXTERIOR ELECTRICAL ROOM 2 

DOOR 03-101C EXTERIOR ELECTRICAL ROOM 2 

DOOR 03-101D EXTERIOR ELECTRICAL ROOM 2 

DOOR 03-102A EXTERIOR PUMP ROOM 2 

DOOR 03-102B INTERIOR PUMP ROOM 3 

DOOR 03-102C EXTERIOR PUMP ROOM 2 

DOOR 03-102F EXTERIOR PUMP ROOM 2 

DOOR 03-103A INTERIOR CONTROL 2 

DOOR 03-103B INTERIOR CONTROL 2 

CHEMICAL 

DOOR 04-101 EXTERIOR SODIUM HYPOCLORITE 2 

DOOR 04-102 EXTERIOR LAS 2 
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BUILDING LOCATION MOUNTING VERBIAGE REMARKS 

DOOR 04-103 EXTERIOR ANALYZER 2 

DOOR 04-104 EXTERIOR ELECTRICAL 2 

DOOR 04-105 INTERIOR STORAGE 2 

MAINTENANCE BUILDING 

DOOR 06-100A EXTERIOR BAYS 2 

DOOR 06-100E EXTERIOR BAYS 2 

DOOR 06-101 INTERIOR RESTROOM 1, 3 

DOOR 06-102A EXTERIOR MAINTENANCE BUILDING 2 

DOOR 06-103 INTERIOR STORAGE 2 

REMARKS: 
1. Provide Universal Graphic Symbology.
2. Mount adjacent to pull side of door.
3. Mount adjacent to push side of door.

B. Fire and/or Smoke Barrier Identification Signs:
1. FIRE AND/OR SMOKE BARRIER - PROTECT ALL OPENINGS

END OF SECTION 
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SECTION 10 21 14 

SOLID POLYMER HDPE TOILET PARTITIONS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Furnish labor, materials, tools, equipment, and services for Solid Polymer 
(HDPE) Toilet Partitions, as indicated, in accordance with provisions of Contract 
Documents. 

B. Completely coordinate with work of other trades. 

1.2 QUALITY ASSURANCE 

A. NFPA 286 Standard Methods of Fire Tests for Evaluating Contribution of Wall 
and Ceiling Interior Finish to Room Fire Growth. 

B. U.S.  Department of Justice ADA Standards for Accessible Design. 

C. ICC/ANSI 117.1:  Accessible and Usable Buildings and Facilities.  International 
Code Council and American National Standard Institute. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. Drawings including room layout, component sizes and dimensions. 

2. Attachment details and coordination with adjacent work. 

B. Product Data: 

1. Manufacturers’ product data sheets and details for Solid Polymer Toilet 
Partitions, components and accessories. 

C. Samples: 

1. 2 IN x 2 IN sample of each color and finish as noted in Drawing I-001 Interior 
Notes and Finish Legend. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS: 

A. Solid Polymer (HDPE) Toilet partitions: 

1. Base: 

a. ASI Global Partitions 

2. Optional: 

a. Accurate Partitions 

b. Ampco by AJW 

c. General Partitions Manufacturing Corporation 
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d. Scranton Products 

B. Other manufacturers desiring approval comply with Section 01 25 13. 

2.2 MATERIALS 

A. Base Product:  Solid Plastic Partitions by ASI Global Partitions 

B. Stall Construction: 

1. Ceiling-hung 

2. Fire resistant, high-density polyethylene (HDPE) with consistent color 
throughout 

3. NFPA 286 compliant. 

4. Seamless, non-laminated panels, with 1/4 IN eased edges 

5. Minimum Component Thicknesses:  1 IN 

6. Panel Height:  55 IN high 

a. Mounting Height:   IN AFF to top 

7. Texture:  Pebble Grained 

8. Color:  To be selected by Architect from manufacturer’s full line. 

C. Doors: 

1. For 32 IN or wider standard stalls:  Minimum 26 IN wide 

2. For standard stalls less than 32 IN wide:  Minimum 24 IN wide 

3. For accessible stalls: 

a. Minimum 32 IN clear opening 

b. Self-closing 

D. Pilasters: 

1. Adjustable hanger and/or leveling bolts 

2. Floor-mounted / Overhead-braced: 

a. Secure pilaster to floor with minimum of 2 lead expansion shields and 
anchor screws. 

b. Overhead brace:   

1) Continuous anti-grip aluminum tube, minimum 1/8 IN wall thickness, 
clear anodized 

2) Install brace at 82 IN AFF 

c. Securely attach brace to top of each pilaster and to wall 

d. Provide shoes at each pilaster 

E. Urinal Screens: 

1. Wall-hung: 

a. Size: 
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1) 18 IN x 42 IN 

b. Same construction and finish as toilet compartments 

c. Continuous, double-flanged wall bracket 

F. Pilaster shoes: 

1. AISI Type 302/304 18-8 stainless steel 

2. 20 GA, 3 IN high 

G. Panel Connectors: 

1. Manufacturer's heavy-duty stirrup brackets: 

a. Type 302 stainless steel 

H. Operational Hardware:   

1. Material/Finish:  Chromium plated brass or US32D stainless steel. 

2. Slide Latch:   

a. ADA compliant 

3. Strike:   

a. Wrap around strike/keeper 

b. Integral bumper 

4. Door pull: 

a. ADA compliant 

I. Bumper coat hook: 

1. Rubber tipped combination bumper and coat hook. 

2. Provide one for each compartment. 

J. Hinges: 

1. Self-closing, helical continuous hinges 

2. Stainless steel 

3. Tamper-resistant fasteners 

K. Toilet Accessories:  See Section 10 28 13. 

L. Anchorages and fasteners: 

1. Exposed fasteners: 

a. Tamper-resistant, stainless steel or brass 

b. Finish:  match hardware 

2. Concealed anchors: 

a. Hot dip galvanized steel 

b. ASTM A385 
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2.3 FABRICATION 

A. Verify dimensions in field prior to fabrication. 

B. Pre-assemble units in shop to greatest extent possible to minimize field cutting 
and assembly of units. 

C. Provide concealed reinforcement for installation of hardware, fittings, brackets, 
and required accessories. 

D. Exposed metal and hardware finishes: 

1. Stainless steel:   

a. ASTM A480, bright polished finish No. 4; or  

b. ANSI/BHMA-A156.18, Code 629; to match US32. 

2. On brass, bronze and steel: 

a. ASTM B456, SC-2 bright chromium plated over nickel plating; or  

b. ANSI/BHMA-A156.18, Code 625 on brass and bronze, Code 651 on 
steel; to match US26. 

3. Aluminum:   

a. AA-M12C22A31 clear satin anodized; or  

b. ANSI/BHMA-A156.18, Code 628; to match US28. 

PART 3 - EXECUTION 

3.1 INSPECTION 

A. Verify suitability of substrate to accept installation. 

B. Verify that adequate Wall Backing has been installed. 

1. Metal Wall Backing:  Specified in Section 09 22 16. 

2. Coordinate and direct installation at locations required for Toilet Partitions 
and accessories. 

C. Correct unsatisfactory conditions. 

D. Installation constitutes acceptance of responsibility for performance. 

3.2 INSTALLATION 

A. Install partitions rigid, straight, plumb, and level, to indicated layout and 
according to manufacturer’s installation requirements. 

B. Clearances: 

1. Between pilasters and panels:  Maximum 1/2 IN. 

2. Between panels and walls:  Maximum 1 IN. 

3. Between doors and pilasters:  Maximum 3/16 IN. 

4. Between floor and bottom of panels:  12 IN. 
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C. Secure to walls with minimum of 2 stirrup brackets near top and bottom of 
panel. 

1. Locate brackets so holes occur in masonry or tile joints. 

2. Use manufacturer's recommended anchoring devices, as indicated on shop 
drawings. 

D. Ceiling-hung partitions: 

1. Secure pilasters to supporting structural framing with specified anchorage 
device. 

2. Level, plumb, and tighten. 

3. Set bottoms of all necessary closed doors level with bottom of pilaster. 

4. Provide support framing to install ceiling hung partitions. 

E. Urinal Screens: 

1. Provide wall channels, wall plates and studs as recommended by 
manufacturer to suit wall construction. 

2. Set units in accordance with manufacturer's instructions to support units and 
resist impact. 

3.3 ADJUST AND CLEAN 

A. Adjust and lubricate hardware for proper operation after installation. 

1. Set hinges on in-swing doors to hold unlatched doors open approximately 
30 DEG. 

2. Set hinges on out-swing doors to return to fully closed position. 

B. Replace damaged work as directed. 

C. Perform final adjustments just prior to final inspection. 

D. Clean exposed surfaces, hardware, fittings and accessories and touch up minor 
scratches and other imperfections using materials and methods recommended 
by manufacturer. 

 

END OF SECTION 
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SECTION 10 28 13 

TOILET AND BATH ACCESSORIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Toilet and bath accessories. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 10 21 14 - Solid Polymer HDPE Toilet Partitions. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Americans with Disabilities Act (ADA): 

a. Accessibility Guidelines for Buildings and Facilities (ADAAG). 

2. ASTM International (ASTM): 

a. A269, Standard Specification for Seamless and Welded Austenitic 
Stainless Steel Tubing for General Service. 

b. A480, Standard Specification for General Requirements for Flat-Rolled 
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Manufacturer's recommendation on fasteners. 

3. Schedule of items being provided for each room.  Reference rooms using 
room number designated on Drawings. 

4. Catalog cut sheet of each item proposed. 

B. Contract Closeout Information: 

1. Operation and Maintenance Data: 
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a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Deliver products in manufacturer's original packaging. 

B. Store materials in a dry, conditioned location, until ready for installation. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Product numbers scheduled are manufactured by Bobrick. 

B. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. American Specialties, Inc. 

2. Bobrick. 

3. Bradley Corp. 

C. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Toilet Accessories: 

1. General:  ASTM A480, stainless steel. 

2. Grab bars:  ASTM A269, stainless steel. 

B. Anchoring Devices: 

1. Stainless steel. 

2.3 FABRICATION 

A. Toilet Accessories: 

1. General: 

a. Satin finish. 

b. Items shall meet design requirements of ADA. 

2. Grab bars: 

a. Concealed mounting. 

b. 3 IN DIA flange. 

c. 1-1/2 IN OD. 

d. Peened finish on gripping surface. 

B. Anchoring Devices: 
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1. Designed to withstand minimum concentrated load of 250 LB applied at any 
point on grab bar. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Verify adequate backing has been provided in wall or toilet partition. 

1. See Specification Section 10 21 14. 

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instruction and in accordance with 
ADA. 

B. Install in locations indicated on Drawings. 

C. Mount all items using manufacturer's recommended anchorage devices for the 
substrate to which the accessory is to be mounted. 

3.3 SCHEDULE 

A. See Drawings for locations. 

B. Model numbers indicated are Bobrick, unless noted otherwise. 

1. TA-1:  Robe Hook - B-6727. 

2. TA-2:  Toilet Tissue Dispenser (double non-controlled) - B-2740. 

3. TA-3:  Not used. 

4. TA-4:  Not used. 

5. TA-5:  Not used. 

6. TA-6:  Paper Towel Dispenser - B-262. 

7. TA-7:  Waste Receptacle - B-279. 

8. TA-8:  Liquid Soap Dispenser - B-2112. 

9. TA-9:  Mop and Broom Rack - B-223 x 36 IN. 

10. TA-10:  Shower Curtain Rod - B-6047 length required. 

11. TA-11:  Soap Dish - B-4380 or 438 as required for wall construction. 

12. TA-12:  Mirror - B-290 x size indicated on Drawings. 

13. TA-13:  NOT USED. 

14. TA-14:  Metal Shelf - B-295 x 24 IN. 

15. TA-15:  Towel Bar - B-5806.99 x 24 IN. 

16. TA-16:  Not used. 

17. TA-17:  Shower curtains - 204-3 with 204-1 hooks as necessary. 

18. TA-18:  Grab Bar - B-6806.99 x length indicated on Drawings. 
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19. TA-19:  Grab Bar - B-6893.99 (52 IN horizontal). 

20. TA-20:  Not used. 

21. TA-21:  Not used. 

END OF SECTION 
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SECTION 10 44 33 

FIRE PROTECTION SPECIALTIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Portable fire extinguishers. 

2. Fire extinguisher cabinets. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 05 50 00 - Metal Fabrications. 

4. Section 21 05 00 - Common Work Results for Fire Suppression. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Americans with Disabilities Act (ADA): 

a. 2010 ADA Standards for Accessible Design. 

2. National Fire Protection Association (NFPA): 

a. 10, Standard for Portable Fire Extinguishers. 

3. Underwriters Laboratories, Inc. (UL): 

a. 8, Water Based Agent Fire Extinguishers. 

b. 154, Carbon Dioxide Fire Extinguishers. 

c. 299, Dry Chemical Fire Extinguishers. 

d. 626, Water Fire Extinguishers. 

e. 711, Rating and Fire Testing of Fire Extinguishers. 

f. 2129, Halocarbon Clean Agent Fire Extinguishers. 

1.3 DEFINITIONS 

A. Authority Having Jurisdiction (AHJ):  Building official, fire chief, fire marshal or 
other individual having statutory authority. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 
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a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Ratings and classification of extinguishers. 

B. Contract Closeout Information: 

1. Operation and Maintenance Data: 

a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver and install filled and charged extinguishers just prior to building 
occupancy. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Fire extinguishers: 

a. Amerex Corporation. 

b. Ansul – Tyco Fire Protection Products. 

c. Badger Fire Protection. 

d. United Technologies - Kidde. 

e. Buckeye Fire Equipment. 

2. Fire extinguisher cabinets: 

a. J.  L.  Industries. 

b. Larsen's Manufacturing Co. 

c. Nystrom Building Products. 

d. Modern Metal Products. 

e. Potter - Roemer Inc. 

3. Fire extinguisher signs: 

a. Seton. 

b. Compliance Signs. 

c. Safety Sign. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MANUFACTURED UNITS 

A. Fire Extinguisher Cabinet (FEC-1): 
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1. Recessed mounting, with narrow flat trim. 

a. Meet projection limitations per ADA. 

2. 22 GA epoxy-coated steel box. 

3. Epoxy coated steel door and trim. 

a. Clear 1/4 IN frameless, backless, unlettered smooth acrylic door. 

b. Door to have narrow, vertical, 1/4 IN clear acrylic glazing panel. 

4. Provide FIRE EXTINGUISHER decal for face of each cabinet. 

5. Provide secure closures. 

6. Provide 10LB 4A:60BC extinguisher. 

B. Fire Extinguisher (FEXT): 

1. Steel bodied, all metal top (head) and valves. 

2. Multi-purpose dry chemical extinguisher with hose and nozzle. 

3. Provide one (1) listed 10 LB.  4A-60BC extinguisher for each fire 
extinguisher location (FEXT) indicated on Drawings. 

4. Finish:  Red with epoxy finish coat. 

C. Wall Brackets: 

1. Bracket type to fit specified extinguisher. 

2. Furnish bracket for each extinguisher not in cabinet. 

3. Bracket to be finished in red or black enamel. 

D. Fire Extinguisher Signage: 

1. Single faced:  SETON #21999. 

2. Double faced:  SETON #22001. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions and NFPA 10. 

1. Install units with extinguisher top not over 48 IN above floor. 

2. Install wall brackets to concrete or masonry substrate with self-tapping 
concrete anchors. 

a. See Specification Section 05 50 00. 

B. Install FEC with top of unit at 60 IN above floor. 

C. Fire extinguisher locations shown on Drawings are approximate locations. 

1. Verify all extinguisher mounting locations with the AHJ. 

D. Provide "FIRE EXTINGUISHER" sign for each extinguisher location. 
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1. Provide single or double faced sign to provide optimum visibility for 
extinguisher location. 

END OF SECTION 
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SECTION 10 51 13 

METAL LOCKERS AND LOCKER BENCHES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Metal lockers and locker benches. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 07 92 00 - Joint Sealants. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A540, Standard Specification for Alloy-Steel Bolting Materials for Special 
Applications. 

b. A1008, Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, 
Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with 
Improved Formability, Solution Hardened, and Baked Hardenable. 

c. B108, Standard Specification for Aluminum-Alloy Permanent Mold 
Castings. 

1.3 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Drawings showing location, numbering sequence, anchoring method and 
locking. 

3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Color chart showing manufacturer's full line of available colors for 
preliminary color selection by Engineer. 

B. Contract Closeout Information: 

1. Operation and Maintenance Data: 
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a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Lockers and locker benches: 

a. Art Metal Products. 

b. DeBourgh Manufacturing. 

c. List Industries. 

d. Lyon Metal Products. 

e. Penco Products. 

f. Republic Steel Corp. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Steel:  ASTM A1008. 

B. Fasteners:  Cadmium-plated steel ASTM A540. 

C. Hooks and Hanger Rods:  Cadmium-plated steel ASTM A540 or cast aluminum 
ASTM B108. 

2.3 ACCESSORIES 

A. Hooks: 

1. Provide one double-prong ceiling hook and three single-prong wall hooks for 
single-tier and double-tier lockers. 

2. One wall hook and one ceiling hook for multi-tier lockers 12 IN and less in 
width. 

B. Provide hat shelf in single-tier lockers. 

C. Provide hanger rod minimum 5/8 IN DIA, in lieu of ceiling hook, in single tier 
lockers 18 IN deep or deeper. 

D. Number Plates: 

1. Manufacturer's standard etched, embossed, or stamped, non-ferrous metal 
number plates. 

2. Three-digit numerals not less than 3/8 IN high. 

3. Sequence numbers as directed by Owner. 
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4. Attach plates centered, near top of each locker door, with two fasteners of 
same finish as number plate. 

5. Provide on each locker door. 

E. Metal Base: 

1. Minimum 20 GA. 

2. Cover entire front of base of lockers without additional fastening devices. 

3. Flange bottoms inward 3/4 IN for stiffening. 

4. Factory-finish base to match lockers. 

F. Locker Bench: 

1. Bench top:  Solid hardwood. 

2. 1-1/8 IN thick minimum x 20 IN wide minimum to 20 IN wide maximum.  

a. All edges and corners rounded and sanded on all surfaces. 

b. Length:  Minimum 42 IN. 

3. Sealer:  Manufacturer's standard. 

4. Pedestal: 

a. Base minimum 14 GA with 1-5/8 IN tubing uprights. 

b. Manufacturer's standard anchors. 

c. Finish to match lockers. 

d. Provide pedestal supports at 6 FT maximum spacing. 

5. Meets ADA requirements. 

2.4 FABRICATION 

A. General: 

1. Fabricate lockers square, rigid, and without warp, with metal faces flat and 
free of dents or distortion. 

2. Ease all exposed metal edges. 

3. Weld frames together. 

4. Weld, bolt, or rivet other connections per manufacturer's standard. 

5. Grind exposed welds flush. 

6. Chemically pretreat metal with degreasing and phosphatizing process. 

7. Apply baked-on enamel finish to all surfaces, exposed and concealed, 
except plated and non-ferrous metal. 

8. Finished film thickness of not less than 0.75 MIL for all exterior surfaces and 
not less than 0.5 MIL for all interior surfaces. 

9. Color to be selected from manufacturer’s standard color range. 

B. Lockers: 
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1. Frames: 

a. Minimum 16 GA channels or 12 GA angles, with corners electrically 
welded to form solid one-piece structure. 

b. Provide door stops at door openings. 

c. Provide minimum 16 GA horizontal members between doors of other 
than single-tier lockers. 

2. Backs and sides: 

a. Minimum 24 GA. 

b. Flange backs on vertical edges and sides where they intermember with 
backs, making double-flanged rear corners. 

3. Exposed ends of non-recessed lockers:  Minimum 16 GA. 

4. Tops, bottoms and shelves:  Minimum 24 GA, flanged on all sides. 

5. Sloped tops:  Continuous, minimum 20 GA. 

6. Doors: 

a. One-piece, minimum 16 GA, flanged at all edges, with corners. 

b. Extra bracing or reinforcing on inside of doors over 15 IN wide. 

c. Construct to prevent springing when opening or closing. 

d. Door swing of 180 DEG. 

e. Stamped louvered vents in door faces. 

1) Single-tier lockers:  Not less than six 6 IN louver openings in top and 
bottom of each door. 

2) Double-tier lockers:  Not less than three 6 IN louver openings in top 
and bottom of each door. 

3) Multi-tier lockers: 

a) Not less than three 31/2 IN louver openings per door for 12 and 
15 IN wide units. 

b) Four (4) 6 IN louver openings per door for lockers 18 IN wide and 
over. 

7. Door hinges: 

a. Full-loop, five-knuckle, tight pin. 

b. Not less than 0.050 IN thick steel, 2 IN high. 

c. Continuous weld hinges to inside of frame and secure to door with not 
less than two (2) factory-installed fasteners, completely concealed and 
tamperproof when door is closed. 

d. Minimum three (3) hinges for each door 42 IN high and over. 

e. Minimum two (2) hinges for each door less than 42 IN high. 

8. Latching: 

a. Positive, automatic, prelocking, pry-resistant latch and pull. 
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b. Rubber silencers. 

c. Chromium-plated, vandalproof or kickproof lift-up handle, containing 
strike and hole for padlock. 

d. Enclose latch on four sides in a boxed receptacle in lock bar channel, 
and engaging latch hooks on frame opposite hinges. 

e. Three-point latching for single-tier lockers. 

f. Two-point latching for double-tier lockers. 

g. One-point gravity or spring latch with padlock lugs for box lockers. 

9. Provision for padlock:  Latch pull with hole to accept padlock. 

10. ADA compliant lockers: 

a. Single tier locker in same construction as standard lockers specified and 
provide with the following modifications: 

1) Shelves: 

a) Bottom shelf located not less than 9 IN above finished floor. 

(1) Provide full width closure panel from bottom shelf to locker 
floor. 

b) Top shelf located not more that 54 IN above finished floor. 

2) Top of hanger rod located not more than 48 IN above finished floor. 

3) Single-prong wall hooks located not more than 46 IN above finished 
floor. 

4) Door latching device: 

a) Lever handle, push type or U-shaped design. 

b) Operating device to be located 48 IN above finished floor. 

c) Spring loaded. 

5) Keyed lock to be self locking when door is closed. 

b. Top of locker to align with adjacent lockers. 

c. Refer to drawings for location and quantity. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install plumb, level, rigid and flush. 

C. Space fasteners not over 48 IN on center: 

1. Install through suitable reinforcing plates where necessary to prevent metal 
distortion. 

2. Conceal all fasteners wherever possible. 

D. Provide and install filler and closure pieces as required. 
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3.2 FIELD QUALITY CONTROL 

A. Touch-up any damaged finishes or replace as directed by Engineer. 

1. Use only materials and finishes as recommended or furnished by locker 
manufacturer. 

3.3 ADJUSTMENT 

A. Adjust doors and latches to operate easily without bind. 

1. Verify satisfactory operation of integral locking devices. 

3.4 SCHEDULES 

A. Locker Types and Sizes: 

1. Type A:  Single tier 24 x 18 x 72 IN. 

END OF SECTION 
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SECTION 12 35 53 

LABORATORY CASEWORK (METAL) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Laboratory casework. 

2. Laboratory countertops. 

3. Laboratory sinks. 

4. Laboratory service fittings. 

5. Resilient base molding for application to casework. 

6. Selected laboratory equipment as listed. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 09 65 00 - Luxury Vinyl Tile Flooring and Resilient Base. 

4. Section 22 42 00 – Plumbing Fixtures 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A1008, Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, 
Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with 
Improved Formability, Solution Hardened, and Bake Hardenable. 

b. C1036, Standard Specification for Flat Glass. 

c. C1048, Standard Specification for Heat-Treated Flat Glass--Kind HS, 
Kind FT Coated and Uncoated Glass. 

d. D695, Standard Test Method for Compressive Properties of Rigid 
Plastics. 

e. F1861, Standard Specification for Resilient Wall Base. 

2. Americans with Disabilities Act (ADA): 

a. Accessibility Guidelines (ADAAG). 

3. Scientific Apparatus Makers Association (SAMA): 

a. LF 8, Performance Requirements for Laboratory Furniture. 

4. Scientific Equipment and Furniture Association (SEFA): 

a. 4.1, Glossary of Terms. 
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B. Qualifications: 

1. Manufacturer qualifications: 

a. Minimum 10 years’ experience. 

b. Five similar installations in past two years. 

2. Installer qualifications: 

a. Employed or approved in writing by manufacturer. 

b. Minimum five years’ experience installing metal casework and epoxy 
resin tops. 

c. Five installations of metal casework and epoxy resin tops in past two 
years of similar scope. 

C. Miscellaneous: 

1. Furnish all metal casework, service fittings, accessories, sinks, drains, and 
epoxy resin tops from one manufacturer unless noted otherwise. 

1.3 DEFINITIONS 

A. Installer or Applicator: 

1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

B. Hazardous Location:  Locations requiring the use of Safety Glazing as defined 
in building code. 

C. Additional terminology common to the laboratory furniture and equipment 
industry as defined in SEFA 4.1. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Product technical data sheets on all components. 

3. Scaled drawing showing layout, controlling dimensions, elevations, etc. 

a. Minimum plan scale:  1/8 IN = 1 FT-0 IN. 

b. Minimum elevation scale:  1/2 IN = 1FT-0 IN. 

c. Minimum detail scale:  1-1/2 IN = 1 FT-0 IN. 

4. Certifications: 
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a. Certification of manufacturer qualifications. 

b. Certification of installer qualifications. 

1) Listing of five installations in past two years of similar scope. 

B. Samples: 

1. Available casework and countertop colors for Engineer's color selection. 

2. Minimum 4 x 4 IN countertop sample in color specified. 

C. Contract Closeout Information: 

1. Operation and Maintenance Data: 

a. See Specification Section 01 78 23 for requirements for the mechanics, 
administration, and the content of Operation and Maintenance Manual 
submittals. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Product numbers listed on the Drawings are based on Kewaunee Scientific 
Equipment Corporation. 

B. Epoxy Resin Laboratory Countertops, Sinks, Cup Sinks, Drain Troughs and 
Curbs: 

1. Kewaunee Scientific Corporation. 

2. Wilsonart. 

C. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Casework:  Steel, ASTM A1008. 

B. Glass: 

1. Framed swinging doors: 

a. ASTM C1036. 

b. UBC 24-1. 

c. 1/8 IN thick (nominal). 

d. Clear tempered glass:  Type I, Class I, Quality q3. 

C. Countertops and Sinks:  Epoxy resin. 

D. Hardware:  Extruded aluminum, stainless steel or chromium-plated steel, as 
noted. 

E. Resilient Base:  Rubber or vinyl. 

2.3 ACCESSORIES 

A. Hardware and Trim: 
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1. Door and drawer pulls: 

a. Meet requirements of ADA. 

b. Drawers and hinged doors: 

1) Contour profile: 

a) Die-cast aluminum. 

b) Satin finish with clear lacquer coating. 

c) 4 IN centers. 

2. Hinges: 

a. Institutional, 5-knuckle. 

b. Stainless steel with brushed satin finish. 

c. Minimum 2-1/2 IN high. 

d. Drilled for screw attachment to door and case. 

1) Welding to door or case is not acceptable. 

e. Doors under 36 IN high; 1 pair hinges. 

f. Doors over 36 IN high; 1-1/2 pair hinges. 

3. Door latching mechanism: 

a. Self-closing, cam action, positive latching. 

b. Concealed mounting in top rail of door opening. 

c. Magnetic catches are not acceptable. 

4. Locks: 

a. Heavy duty cylindrical type. 

b. 5-disc tumbler, removable core. 

c. Minimum 200 primary key changes. 

d. Master key. 

e. Satin nickel plated and stamped with identifying number. 

5. Shelf clips: 

a. Nickel or zinc-plated steel. 

b. Designed to engage in two rectangular holes on 1/2 IN centers in wall 
cases and 2 IN centers in base units. 

B. Molded Epoxy Resin Sinks Countertops and Back Splashes: 

1. Modified epoxy sinks: 

a. One-piece modified epoxy resin units with coved corners and bottom 
sloped to drain outlet. 

b. Color:  Black. 

c. Complete with polyethylene trap and sink outlet assembly. 

1) Adjustable tail piece. 

2) Plug strainer, gasket and locknut. 
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3) 1-1/2 IN I.P.S. male straight thread outlet. 

4) Outlet color to match sink. 

2. Countertops and Back Splashes: 

a. Modified epoxy resin having the following minimum physical properties: 

1) Density:  140 PCF. 

2) Modulus of rupture:  3,500 PSI. 

3) Modulus of elasticity:  4.46 x 106 PSI. 

4) Compressive strength:  15,900 PSI; ASTM D695. 

5) Shear strength:  5,400 PSI. 

b. Chemical and corrosion resistant. 

c. Minimum 1 IN thick. 

d. Radius or bevel all exposed edges to a 1/8 IN radius. 

e. All sink cut-outs and holes for services shall be factory drilled and cut. 

1) Sink cut outs shall be provided with 3/4 IN radius (minimum) corners. 

f. Color:  Black. 

g. Backsplash curbs: 

1) 4 IN high x 1 IN thick. 

2) Top set, sealed to work surface with epoxy adhesive. 

3) Same construction and color as work surface. 

4) Provide at back and exposed ends of countertops unless noted 
otherwise. 

3. Glassware drying rack: 

a. Black epoxy resin. 

b. Polypropylene pegs. 

c. Satin finished stainless steel drip tray with 1/2 IN OD outlet. 

C. Resilient Base: 

1. See Section 09 65 00. 

D. Sink Supports: 

1. Hanger type, suspended from top front and top rear horizontal rails of base 
cabinet by four, 1/4 IN DIA rods. 

2. Minimum 12 GA adjustable sink cradle. 

a. Paint with corrosion resistant paint. 

E. Miscellaneous Support Struts: 

1. Pair of nominal 1 IN x 1-1/2 IN vertical channels with adjustable U-shaped 
connectors top and bottom. 

2. Minimum 16 GA steel coated with corrosion resistant paint coating. 

3. Size as required for pipe chase and to support items as shown on Drawings. 
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4. Compatible with commercially available pipe clamps and accessories. 

F. Laboratory Service Fittings: 

1. Laboratory grade. 

2. Manual operation. 

3. Finish: 

a. Chrome plated. 

4. Service indexes: 

a. Identify services with tamperproof color coded plastic index buttons as 
follows: 

 

SERVICE COLOR CODE 
COLOR OF 
LETTERS 

Cold Water Dark Green CW White 

Hot Water Red HW White 

Steam Black STM White 

Air Orange Air Black 

Gas Dark Blue Air White 

Vacuum Yellow Vac Black 

Dist.  Water White DW Black 

R.O.  Water White RO Black 

Oxygen Light Green OXY White 

Hydrogen Pink H Black 

Nitrogen Brown N White 

All other rare gases Light Blue Chem Symbol Black 

 

5. Water fittings: 

a. Cast red brass or bronze. 

b. Provide with renewable unit containing all operating parts subject to 
wear. 

c. Integral volume control device. 

d. All units capable of converting from compression to self closing without 
altering faucet body. 

e. Wrist blade handles with service index buttons as required. 

6. Steam fittings: 

a. Heat resistant handle. 

b. Removable stainless steel seat with flat Teflon seat disc. 

c. Teflon impregnated packing. 

1) Constructed such that unit may be repacked while under pressure. 
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7. Ground key valve hose cocks: 

a. Heavy duty with tapered body and integral tapered, serrated hose 
connection. 

b. Forged body. 

c. Wrist blade type handle with colored service index button. 

d. One-quarter turn ON and OFF. 

e. 40 PSI pressure rating without leakage. 

8. Needle valve hose cocks: 

a. Laboratory type with ultra-sensitive flow control. 

b. Replaceable stainless steel floating cone. 

c. Stainless steel seat. 

d. Valve shall have "Teflon" impregnated packing. 

e. Unit shall be capable of being repacked while under pressure. 

f. 65 PSI pressure rating without leakage. 

9. Turrets: 

a. Tapered design. 

b. Complete with 3/8 IN I.P.S. tank nipple, locknut and washer. 

c. Multiple service turrets:  Allow for up to 4 different services in any 
combination. 

10. Goosenecks: 

a. 3/8 IN I.P.S. spout. 

b. Removable serrated hose connection. 

c. Minimum 7-1/2 IN clearance between outlet and top with two, 90 DEG 
bends. 

d. Capable of conversion from fixed to swinging type. 

11. Vacuum breaker: 

a. Integral with fixture assembly. 

b. Provide where indicated or where required by code. 

G. Electrical Fittings:  To be furnished in the Electrical Design. 

H. Emergency Eyewash/Shower:  See Section 22 42 00. 

I. Sloped tops, Ceiling Enclosures and Miscellaneous Filler Panels: 

1. Same construction as casework. 

2. Concealed attachment. 

2.4 FABRICATION 

A. General: 

1. Modular design providing for interchangeable door and drawer 
configurations. 
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2. All units shall be flush front construction with all vertical and horizontal case 
members in same plane with no overlap. 

3. Exterior corners and face joints shall be arc welded and ground smooth to 
provide continuous flat surface. 

4. Each individual unit shall be complete so that any unit may be relocated at 
any time without requiring field modification or field application of finished 
end panels or other similar parts. 

5. Metal gages: 

a. All metal used in case construction shall be minimum 18 GA unless 
indicated otherwise. 

1) Corner gussets for leveling bolts and apron corner braces shall be 
minimum 12 GA. 

2) Hinge reinforcement and case and drawer suspension channels shall 
be minimum 14 GA. 

3) Top and intermediate front horizontal rails, table aprons and 
reinforcement gussets shall be minimum 16 GA. 

4) Drawer assemblies, door assemblies and adjustable shelves shall be 
minimum 20 GA. 

6. No exposed fasteners allowed. 

7. Base cabinets shall be constructed to support minimum of 200 LBS/SF of 
cabinet top area including work surface without distortion resulting in 
interference with door and drawer operation. 

8. Base unit and full height case corner gussets with leveling bolts shall 
support minimum 500 LBS per corner at 1-1/2 IN projection of leveling bolt 
below gusset. 

9. Adjustable and fixed shelving up to 48 IN long shall support an evenly 
distributed load of 40 PSF up to a maximum of 200 LBS without permanent 
set. 

10. All drawers shall support an evenly distributed load of minimum 150 LBS. 

11. Provide drawers and doors as indicated. 

12. Provide shelves as indicated. 

a. Base units:  Adjustable in 2 IN increments. 

b. Wall-mounted cases:  Adjustable in 1 IN increments. 

13. Provide accessories as indicated. 

14. All units shall be completely fabricated assembly ready for placement. 

B. Base Units: 

1. Cabinet ends: 

a. Single piece, full height. 
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b. Formed with channel-shaped return flanges at top, back and bottom. 

c. Integral front corners offset to form rabbeted opening to receive doors 
and drawers. 

1) Provide continuous hinge reinforcement in hinge jamb of door 
cabinets. 

2. Top rails: 

a. Formed channels, front and back, welded to cabinet end flanges. 

b. Front rail: 

1) Rabbet to receive doors and drawers. 

2) Flush with face of cabinet body. 

c. Omit back rail at sink units. 

3. Intermediate rails:   

a. Provide intermediate rails between doors and drawers. 

1) Horizontal rails: 

a) Recessed. 

b) Concealed when cabinet doors and drawers are closed. 

c) No intermediate horizontal rails between drawers unless required 
by locks in drawers. 

2) Vertical rails: 

a) Flush with cabinet body. 

b) Intermediate vertical support in double door cases will not be 
allowed. 

4. Bottom: 

a. Single piece formed bottom and integral bottom front rail. 

b. Edges:  Turned down and welded to end panels and back channel. 

c. Access holes located above leveling screws with flush plug buttons. 

d. Corner units may have separate bottom panel.  

5. Bases: 

a. Toe space: 

1) Rail interlocking with cabinet bottom, welded to end panels. 

2) 3 IN deep x 5 IN high. 

3) Fully enclosed. 

b. Rear channel welded to end panels and cabinet bottom. 

c. Reinforcing gusset plates at each corner for leveling legs. 

1) Leveling legs:  3/8 IN x 3 IN long adjustable leveling legs. 

6. Back panel: 

a. Provide removable back panel in all cupboard units. 



LABORATORY CASEWORK (METAL) 

WHCRWA 

CENTRAL PUMP STATION 
 

WHCRWA CENTRAL PUMP STATION 
LABORATORY CASEWORK (METAL) 

12 35 53 - 10 OF 14 

1) One-piece, formed on all sides. 

2) Retained at top by flange of top rail and secured with screws. 

b. Sink bases and drawer units shall have open backs. 

C. Wall Cases: 

1. Cabinet ends: 

a. Single piece, full height. 

b. Formed with channel-shaped return flanges at top, back and bottom. 

c. Integral front corners offset to form rabbeted opening to receive doors.  

d. Provide continuous hinge reinforcement in hinge jamb of door cabinets. 

2. One-piece top formed with front top rail and flanged back. 

a. Swinging door cases:  Top rail rabbeted. 

b. Sliding door cases:  Top rail to form fascia. 

1) Door track to be concealed behind fascia. 

3. Flush bottom with rabbeted front rail and flanged back. 

4. Recessed back welded to top, bottom and end panels. 

D. Drawers: 

1. Modular sized, removable, mountable in any location in cabinet. 

2. Fronts: 

a. Formed, nominal 3/4 IN thick, with removable outer head. 

b. Sound deadening material between panels. 

3. Bodies: 

a. Bottom, sides, back and inner front, welded assembly. 

b. Top edge of sides formed into semi-circular tote grip. 

c. Bottom and back one-piece. 

4. Suspension: 

a. Self-centering drawers, removable without use of tools, locking in full 
open position. 

b. Drawer runner welded to drawer body. 

c. Case runner attached with screws or into slotted rail. 

d. Coved runner raceways with round nylon tired ball bearing rollers. 

e. Rubber closing bumpers. 

f. Friction centering devices not acceptable. 

g. Provide file follower at all file drawers. 

E. Swinging Doors: 

1. Inner and outer panels welded together. 

a. Over 14 IN wide and under 36 IN high:  Formed, embossed stiffener. 
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b. 36 IN high and over:  Vertical channel stiffener. 

2. Sound deadening mastic inside panels. 

3. Provide hinge mounting brackets and hinge reinforcement. 

4. Provide pull, hinges, rubber bumper and positive latching mechanism. 

F. Swinging Glazed Doors: 

1. Same construction as swinging doors with top, bottom and side rails. 

a. Over 48 IN high:  Intermediate cross rail. 

2. Glass set in continuous U-shaped glazing channel. 

G. Removable Shelves: 

1. Adjustable on 1/2 IN centers in wall cases and on 2 IN centers in base units. 

2. Sides formed down 3/4 IN; returned 5/8 IN at front and back. 

a. 42 IN wide or over:  Full length reinforcement required. 

3. Support on four die-formed brackets engaged in two rectangular holes in 
each corner post. 

H. Apron Assemblies: 

1. Box frame channel construction. 

2. Nominal 4 IN high. 

3. Openings and intermediate rails for drawers, where shown. 

I. Leg Assemblies: 

1. Pair of legs with side rail and stretcher rail. 

a. Fully welded to form a rigid assembly. 

2. Legs: 

a. Nominal 2 x 2 IN box section. 

b. Recessed leveling screws. 

c. Coved black vinyl or rubber shoe. 

3. Side rails:  Nominal 4 IN channel. 

4. Stretcher:  Nominal 2 x 1 IN box section. 

5. Provide nominal 2 x 1 IN spreader rail when used with apron assemblies 
exceeding 36 IN long. 

J. Knee Space Rails:  Nominal 4 IN high channel section. 

K. Finishes: 

1. Steel components: 

a. Manufacturer's standard lead free, 2-coat corrosion-resistant baked on 
paint system. 
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1) Case body color:  Color to be selected from manufacturer’s color 
range. 

2) Color of doors and drawers:  Match case color. 

3) Finished paint surface shall meet the performance requirements as 
set forth by SAMA LF 8. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Prior to beginning installation of casework, check and verify that no irregularities 
exist that would affect the quality of execution of work specified. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Follow manufacturer's printed instructions and Drawings in all cases where 
items or details are not indicated. 

C. Casework: 

1. Set casework components plumb, square, and straight with no distortion. 

a. Securely anchor to building structure. 

b. Shim as required using concealed shims. 

2. Screw continuous cabinets together with joints flush, tight and uniform, and 
with alignment of adjacent units within 1/16 IN tolerance. 

3. Secure wall cabinets to solid supporting material. 

a. Do not secure to plaster or gypsum board. 

4. Abut top edge surfaces in one true plane. 

a. Provide flush joints not to exceed 1/8 IN between top units. 

5. Provide all trim, fillers, closures, stands, supports, sleeves, collars, 
escutcheons, ferrules, brackets, braces or other miscellaneous items 
required for complete installation. 

D. Work surfaces: 

1. Scribe to abutting surfaces as required. 

2. Only factory-prepared field joints, located per approved shop drawings, are 
permitted. 

a. Secure joints in the field, where practical, in the same manner as in the 
factory. 

3. Secure work surfaces to casework and equipment components with material 
and procedures recommended by the manufacturer. 
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4. If field cutting or drilling of epoxy resin countertop, backsplash curb or 
service ledge assembly is required, make holes using saw blades or drill bits 
as recommended by countertop manufacturers. 

5. Seal all joints in epoxy resin countertops, backsplash curbs using materials 
and methods as recommended by manufacturer. 

6. Seal joints in tops, backsplashes, etc., with sealant as specified by 
countertop manufacturer. 

E. Furnish and set in place all service and plumbing fixtures as indicated. 

1. Except for final mechanical and electrical connections, complete installation 
of each item in every respect, including all necessary items required for 
proper operation and appearance. 

2. Where an item of equipment is furnished without a cord and plug, bring 
electrical wiring in or on equipment to an equipment junction box located on 
and part of the equipment such that flexible connection no longer than 3 FT 
is needed to make final connection between items and rough-in junction 
box. 

3.3 ADJUSTING AND CLEANING 

A. Repair all damage done to premises as a result of installation. 

1. Remove all debris and leave area broom clean. 

B. Test and adjust all items of equipment for satisfactory operation. 

3.4 PROTECTION 

A. Cover work surfaces as recommended by manufacturer. 

1. Protect all installed casework and accessories per manufacturer 
instructions. 

B. Remove protection upon acceptance of Project by Owner. 

END OF SECTION
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SECTION 13 34 23 

PRE-CAST FABRICATED SUBSTATION CONTROL BUILDING 

PART 1 -  GENERAL 

1.1 SUMMARY 

A. Contractor to furnish pre-cast, post-tensioned concrete building. Building to be 
field erected on a cast-in-place concrete foundation in accordance with 
manufacturer's recommendations. Pre-cast building to be EASI-SET brand 
Model 2020-SP as manufactured by Lonestar Prestress Mfg., Inc., Houston, 
Texas or approved equal. Building to be provided by manufacturer with all 
necessary openings as specified in conformance with manufacturer's structural 
requirements. 

1.2 CODES, STANDARDS, AND REFERENCES 

A. ACI-318-05, "Building Code Requirements for Structural Concrete". 

B. ASCE-7-05, " Minimum Design Loads for Buildings and Other Structures" 

C. 2006 IBC, "2006 International Building Code". 

D. PCI Design Handbook, Precast/Prestressed Concrete Institute. 

E. UL 752, Standard for Safety for Bullet Resisting Equipment, Underwriters 
Laboratories Inc. 

F. "Manual of Standard Practice", Concrete Reinforcing Institute. 

G. ASTM, American Society for Testing and Materials;American Bearing 
Manufacturers Association (ABMA): 

1. C150 - Standard Spec. for Type I and Type II-Low Alkali Portland Cement. 

2. C33 - Standard Spec. for Concrete Aggregates. 

3. A36 - Standard Spec. for Carbon Structural Steel. 

4. A615 - Standard Spec. for Deformed and Plain Billet-Steel Bars for 
Concrete Reinforcement. 

5. A706 - Standard Spec. for Low-Alloy Steel Deformed and Plain Bars for 
Concrete Reinforcement. 

6. A416 - Standard Spec. for Steel Strand, Uncoated Seven-Wire for 
Prestressed Concrete. 

7. Al85 - Standard Spec. for Steel Welded Wire Fabric, Plain, for Concrete 
Reinforcement. 

8. A307 - Standard Spec. for Carbon Steel Bolts and Studs, 60,000 PSI 
Tensile Strength. 
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9. Al23 - Standard Spec. for Zinc (Hot-Dip Galvanized) Coatings on Iron and 
Steel Products. 

10. Al53 - Standard Spec. for Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware.National Electrical Manufacturers Association (NEMA): 

1.3 QUALITY ASSURANCE 

A. Building fabricator must have a minimum of 5.years experience manufacturing 
pre-cast concrete buildings. 

B. No alternate building designs to the pre-engineered EASI-SET building will be 
allowed unless preapproved by the owner TEN (10) days prior to the bid date.  

1.4 DESIGN REQUIREMENTS 

A. Dimensions: 

Exterior: 20' x 20' x 13 '-5-1/2" 

Interior: 18'-11" x 18'-11" x 12'-1/2" 

B. Standard Design Loads: 

1. Standard Wind Loading - 140 MPH (ASCE 7-02, Category II, Exposure C, 
Enclosed Building) 

2. Standard Roof Live Load - 60 PSF 

3. Seismic Design category 'D', Seismic use Group I 

C. Roof: Roof panel shall slope 6" in 10'-0" direction from peak to edge. The roof 
shall extend a minimum of 4" beyond the wall panel on each side and have a 
tumdown design which extends 3/4" below the top edge of the wall panels to 
prevent water migration into the building along top of wall panels. Roof shall 
also have an integral architectural ribbed edge. 

D. Keyway Roof Joints: Grout in keyway shall be polymer concrete placed after 
coating keyway with a methyl methacrylate resin and isocyanate resin. 

E. Floor: There shall be a 1-1/2" (deep) x 10" (wide) recess, cast into the floor 
around perimeter of slab. Recess shall be omitted at doorways. The 1-1 /2" 
recess makes the interior floor surface 1-1/2" higher than the joint between the 
wall panel and floor slab preventing intrusion of water. Wall panels shall set on 
1-1/2" recess. 

F. Walls to be of an insulated precast concrete sandwich panel type. The walls 
shall have an extruded polystyrene core sandwiched between interior and 
exterior concrete wythes. The wall panels shall have a minimum thickness of 6". 
Minimum wythe thickness shall be 2".  
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PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Concrete: Steel-reinforced, 6000 PSI minimum 28-day compressive strength. 

B. Reinforcing Steel: ASTM A615, grade 60 or ASTM Al 85, grade 80 unless 
otherwise indicated. 

C. Post-tensioning Strand: Roof shall be post-tensioned in field after keyway is 
filled and has cured to required strength (psi). Post-tensioned cable shall be 
41K Polystrand CP5O, .50 in., 270 KS!, 7-wire ungreased strand (ASTM A416). 
There will be a minimum of three post-tensioning cables connectingroof panels 
together to provide watertight joint. 

1. If post-tensioning is not used in the roof panel, the following guidelines must 
be followed to ensure a watertight roof design. 

a. The entire pre-cast concrete roof panel surface must be cleaned and 
primed with a material that prepares the concrete surface for proper 
adherence to the coating material.  

b. The entire pre-cast concrete roof panel surface shall be sealed with a 
.045" EPDM continuous membrane cemented to the concrete with a 
compound designed for this pupose. 

D. Caulking: All joints between panels shall be caulked on the exterior and interior 
surface of the joints. Caulking shall be SIKAFLEX-IA elastic sealant or equal. 
Exterior caulk joint to be 3/8" x 3/8" square so that sides of joint are parallel for 
correct caulk adhesion. Back of joint to be taped with bond breaking tape to 
ensure adhesion of caulk to parallel sides of joint and not the back. 

E. Panel Connections: All panels shall be securely fastened together with 3/8" 
thick steel brackets. Steel is to be of structural quality, hot-rolled carbon 
complying with ASTM A36 and hot dipped galvanized after fabrication. All 
fasteners to be l/2" diameter bolts complying with ASTM A307 for low-carbon 
steel bolts. Cast-in anchors used for panel connections to be Dayton-Superior 
#F-63, or equal. All inserts for comer connections must be secured directly to 
form before casting panels. Floating of connection inserts will not be allowed. 
Steel brackets shall be connected to cast-in-place foundation using post   
installed expansion anchors. 

2.2 ACCESSORIES 

A. Door and Frame: Shall comply with Steel Door Institute "Recommended 
Specifications for Standard Steel Doors and Frames" (SDI-100), and as herein 
specified. The building shall be equipped with a two single 3'-0" x 7'-0" x 1-3/4", 
and one double 8'-0" x 10'-0"x 1-3/4", 18-gauge steel doors, with insulated core. 
Doors shall open as noted on drawings. Frame shall be 16-gauge galvanized 
steel. Door and frame shall be painted with one coat of rust inhibitor primer and 
one finish coat of epoxy paint, "Medium Gray'', if no other color is specified. 
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B. Door Hardware 

1. Lockset: Yale #7100 Series-633F Stainless Steel Panic Bar, with external 
thumb latch with a standard cylinder. 

2. Hinges: Hagar stainless steel five knuckle ball bearing with non-removable 
pins, or equal. 

3. Threshold: Hagar or National Guard Products extruded aluminum with 
neoprene seal, or equal. 

4. Drip Cap: Hager or National Guard Products aluminum with stainless steel 
screws, or equal. 

5. Door Closer: Norton 7500 Series closer only, or equal. 

6. Door Gasketing : Jamb-up seal around door frame , or equal. 

7. Door Sweep: Hagar door sweep at bottom of door, or equal. 

8. Surface Bolts (Upper and Lower): Don-Jo #1582 - 8" & 24" Bolts, Stainless 
Steel finish or equal, as required for double doors. (on double inactive door 
only) 

9. Astragal: Galvanized steel, same finish and brand as door, as required for 
double doors. 

10. Door Stop: Ives 445B26D brushed chrome (inactive leaf of double door 
only), or equal. 

C. Lighting 

1. Provide light fixtures and devices per Section 26 09 23 "Lighting Control 
Devices, Section 26 51 19 "LED Interior Lighting", Section 26 52 19 
"Emergency and Exit Lighting", and Section 26 56 19 "LED Exterior 
Lighting". 

2. Provide four (4) 4-foot strip light fixtures, surface-mount linear LED. 

3. Provide one (1) switch at each doorway with integral occupancy sensor. 
Wiring or controls so that any one of the switches will operate the lights. 

4. Provide one (1) exit sign with integral battery inside over each doorway. 

5. Provide one (1) exterior light fixture over each doorway. 

6. Provide two (2) emergency light fixtures with integral battery. Install fixtures 
on walls facing front and rear of switchgear. 

D. Wiring Devices 

1. Provide four (4) receptactles inside (one on each wall) per Section 26 27 26 
"Wiring Devices" 

2. Provide one (1) lighting panel sized to accommodate lighting, receptacle, 
and HVAC loads per Section 26 24 16 "Panelboards". 
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2.3 FINISHES 

A. Interior of Building: Steel form finish on all interior concrete panel surfaces. 
Walls and ceiling to be painted with white, two-part, epoxy paint. 

B. Exterior of Building: river-stone aggregate finish on all exterior wall surfaces. 
Aggregate must be seeded into top of panel while in form, chemically retarded, 
and high-pressure water-washed to expose the aggregate to a depth of 1/8". As 
noted on drawings. 

C. Exterior roof panel shall be covered with a single coat of Super Therm (White) 
coating, for a minimum insulated R-value of RI 9. 

PART 3 - EXECUTION 

3.1 SITE PREPARATION REQUIREMENTS (CAST-IN-PLACE FLOOR) 

A. Contractor to pour a concrete floor slab with tumdown footing the same length 
and width of building. The floor slab shall be designed to support the anticipated 
load of the building walls and its contents. 

B. The finished floor slab elevation shall be above the exterior grade. The grade 
shall have a positive slope and drainage away from the building at all points. 

C. Concrete slab to be steel reinforced and level within 1/8" in both directions. 

D. Footer depth and reinforcement to be in accordance with design drawings 

3.2 ACCESS 

A. Contractor must provide level unobstructed area large enough for crane and 
tractor/trailer to park adjacent to pad. Crane must be able to place outriggers 
within 5'-0" of edge of pad and truck and crane must be able to get side-by-side 
under their own power. No overhead lines may be within 75' radius of center of 
pad. 

END OF SECTION 
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SECTION 13 47 13 

CATHODIC PROTECTION SYSTEM 

PART 1 -  GENERAL 

1.1 THIS SECTION INCLUDES 

A. The WORK of this Section includes providing a complete cathodic protection 
(CP) system for the following structures as outlined in this Section and on the 
Drawings: 

1. Yard piping for the Central Pump Station which includes buried steel with a 
dielectric external coating. 

B. Electrical isolation of the structures from adjacent metallic structures, steel 
reinforced concrete structures, casings, structures of dissimilar metal or 
dissimilar coatings, conduits, and all other metallic components that may impact 
the operation of the CP system. 

C. Installation of galvanic anodes, insulating joints, test stations, other components 
associated with the CP system, and all other work described herein and on the 
Drawings. 

D. Testing of CP system during installation. 

E. Cleanup and restoration of work site. 

F. Final System Checkout: Testing of CP system after installation and backfilling. 

1.2 REQUIREMENTS 

A. If the products installed as part of this Section are found to be defective or 
damaged or if the WORK of this Section is not in conformance with these 
Specifications, then the products and WORK shall be corrected at the 
CONTRACTOR’s expense. 

B. Any retesting required due to inadequate installation or defective materials shall 
be paid for by the CONTRACTOR at no additional cost to the owner. 

C. The WORK also requires that one Supplier or Subcontractor accept 
responsibility for the WORK but without altering or modifying the 
CONTRACTOR's responsibilities under the Contract Documents. 

D. The WORK also requires coordination of assembly, installation, and testing 
between the pipeline contractor and any CP material supplier or subcontractor. 

E. All electrical WORK shall be in accordance with NEC and local requirements.  

1.3 RELATED SECTIONS 

A. The WORK of the following Sections applies to the WORK of this Section. 
Other Sections of the Specifications, not referenced below, shall also apply to the 
extent required for proper performance of this WORK. 
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1. Site Safety and Regulatory Requirements  

2. Excavation, Trenching, Backfilling, and Compacting 

3. Piping 

4. Cast-In-Place Concrete 

5. Protective Coatings 

1.4 REFERENCED SPECIFICATIONS, CODES AND STANDARDS 

A. The WORK of this Section shall comply with the current editions of the codes 
and standards referenced in this specification, including the following: 

1. AASHTO American Association of State Highway and Transportation 
Officials 

a. H20 Specification for Highway Bridges 

2. ASTM International 

a. A123 Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on 
Iron and Steel Products 

b. A615 Standard Specification for Deformed and Plain Carbon-Steel Bars 
for Concrete Reinforcement 

c. B3 Standard Specification for Soft or Annealed Copper Wire 

d. B8 Standard Specification for Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft 

e. B80 Standard Specification for Magnesium-Alloy Sand Castings 

f. B187 Standard Specification for Copper, Bus Bar, Rod, and Shapes and 
General Purpose Rod, Bar, and Shapes 

g. B418 Standard Specification for Cast and Wrought Galvanic Zinc Anodes 

h. B843 Standard Specification for Magnesium Alloy Anodes for Cathodic 
Protection 

i. C94 Standard Specification for Ready-Mixed Concrete 

j. D1000 Standard Test Methods for Pressure-Sensitive Adhesive-
Coated Tapes Used for Electrical and Electronic Applications 

k. D1248 Standard Specification for Polyethylene Plastics Extrusion 
Materials for Wire and Cable 

l. D1785 Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic 
Pipe, Schedules 40, 80, and 120. 

m. D2220 Standard Specification for Poly(Vinyl Chloride) Insulation for 
Wire and Cable, 75°C Operation 

n. D3005 Standard Specification for Low-Temperature Resistant Vinyl 
Chloride Plastic Pressure-Sensitive Electrical Insulating Tape 

o. D4388 Standard Specification for Nonmetallic Semi-Conducting and 
Electrically Insulating Rubber Tapes 
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p. D6386 Standard Practice for Preparation of Zinc (Hot-Dip 
Galvanized) Coated Iron and Steel Product and Hardware Surfaces for 
Painting 

q. G97 Standard Test Method for Laboratory Evaluation of Magnesium 
Sacrificial Anode Test Specimens for Underground Applications 

r. AWWA  American Water Works Association 

s. C217 Petrolatum and Petroleum Wax Tape Coatings for the Exterior of 
Connections and Fittings for Steel Water Pipelines 

3. NSF National Sanitation Foundation 

a. NSF 61Drinking Water System Components 

4. NACE International, the Corrosion Society 

a. SP0375 Field-Applied Underground Wax Coating Systems for 
Underground Pipelines: Application, Performance, and Quality Control 

b. SP0169 Control of External Corrosion on Underground or 
Submerged Metallic Piping Systems 

c. SP0286 Electrical Insulation of Cathodically Protected Pipelines 

d. TM0497 Measurement Techniques Related to Criteria for Cathodic 
Protection on Underground or Submerged Metallic Piping Systems 

5. NEMA  National Electrical Manufacturers Association 

a. TC2  Electrical Polyvinyl Chloride (PVC) Tubing and Conduit 

b. TC3  PVC Fittings for Use with Rigid PVC Conduit and Tubing 

6. NFPA  National Fire Protection Association 

a. NFPA 70 National Electric Code (NEC) 

7. UL Underwriters Laboratories 

a. 6  Rigid Metal Conduits 

b. 467  Grounding and Bonding Equipment  

c. 506  Standard for Specialty Transformers 

d. 514B  Fittings for Cable and Conduit 

B. Whenever the Drawings or these Specifications require a higher degree of 
workmanship or better quality of material than indicated in the above codes and 
standards, these Drawings and Specifications shall prevail. 

1.5 PERMITS AND JOB ACCESS 

A. Prior to the start of construction, the CONTRACTOR shall apply to the required 
authorities for permits required for installation of the CP system. 

B. The CONTRACTOR shall contact Texas 811 prior to commencing construction 
to locate existing utilities in the area of construction. Existing utilities include, but 
are not limited to, water lines, gas lines, telephone, street lights, sewer and storm 
drains, and overhead and underground electric utilities. 
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C. If traffic control is necessary, it shall satisfy the requirements of the governing 
locality. 

1.6 QUALITY ASSURANCE 

A. Installation of the CP equipment shall be performed by individuals having at 
least five years of experience in the installation of the CP equipment described 
herein. 

B. All testing required to be performed by a “Corrosion Technician” shall be 
performed by a NACE certified Corrosion Technician under the supervision of a 
Corrosion Engineer. A Corrosion Technician is a NACE CP2 (CP Technician), 
CP3 (CP Technologist), or CP4 (CP Specialist). A Corrosion Engineer is a 
Registered Professional Corrosion Engineer or a NACE CP4 (CP Specialist). 

1.7 SUBMITTALS 

A. The following shall be submitted to the ENGINEER prior to any equipment 
installation. 

1. Catalog cuts, bulletins, brochures, or data sheets for all materials specified 
herein. 

2. Statement that the equipment and materials proposed meet the 
Specifications and the intent of the Specifications. 

3. Statement of installation experience required. 

4. Corrosion Technician and Corrosion Engineer qualifications. 

5. Schedule, including the expected start date and planned completion date. 

B. The following shall be submitted to the ENGINEER after completion of the 
WORK. 

1. Wire connection testing. 

2. Insulating joint testing, before and after backfilling. 

3. Final System Checkout Report. 

4. Record Drawings and Final System Checkout Report shall be submitted to 
and approved by the ENGINEER before the WORK is considered complete. 

1.8 INTERFERENCE AND EXACT LOCATIONS 

A. The locations of CP equipment, test stations, devices, outlets, and 
appurtenances, as indicated are approximate only. Exact locations shall be 
determined by the CONTRACTOR in the field subject to the approval of the 
ENGINEER. 

B. The CONTRACTOR shall field verify all data and final locations of work done 
under other Sections of the Specifications required for placing of the electrical 
work. 
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C. In case of interference with other work, foreign pipeline, or erroneous locations 
with respect to equipment or structures, the CONTRACTOR shall furnish all labor 
and materials necessary to complete the WORK in an acceptable manner to the 
OWNER. Deviations from the Drawings and Specifications shall be submitted to 
the ENGINEER for approval. 

PART 2 -  PRODUCTS 

2.1 GENERAL 

A. All materials installed must be new. All equipment and materials supplied shall 
be similar to that which has been in satisfactory service for at least 5 years. 

B. All materials in contact with potable water shall be NSF 61 approved.  

2.2 GALVANIC ANODES 

A. High-potential magnesium anodes: magnesium anodes shall conform to 
ASTM B843 Type M1C. Anodes shall have an open circuit potential of −1.70 
volts or more electronegative and a current efficiency of at least 48% when 
tested in accordance with ASTM G97. Anodes shall have the following size, form, 
and shape. Anodes shall be supplied by Farwest, Corrpro, Mesa, Matcor, or 
equivalent.  

Ingot Packaged 

Weight 

(lb) 

Width 

(inch) 

Height 

(inch) 

Length 

(inch) 

Weight 

(lb) 

Diameter 

(inch) 

Length 

(inch) 

60 4 to 5 4 60 126 to 
130 

6 to 7 64 

 
B. Galvanic anodes shall be pre-packaged in a cloth bag containing backfill of the 

following composition: 75% gypsum, 20% bentonite, and 5% sodium sulfate. The 
anodes shall be of the size indicated on the Drawings and placed where 
indicated on the Drawings.  

C. Anode lead wire:  

1. The wire attached to the anodes shall be of the size and type indicated on 
the Drawings. The anode lead wire shall conform to the specifications given 
for “Wires” in this specification.   

2. Connection of wire to the anode shall have a pulling strength that exceeds 
the wire’s tensile strength. 

3. Anode lead wires shall be of one continuous length, without splices, unless 
otherwise indicated on the Drawings, from the anode connection to the test 
station. 
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2.3 READY-MIXED CONCRETE 

A. Ready-mixed concrete shall be in accordance with ASTM C94, permit 
requirements, and the Specification section for cast-in-place concrete. 

2.4 REINFORCING STEEL 

A. Reinforcing steel shall be in accordance with ASTM A615, permit requirements, 
and the Specification section for reinforcing steel. 

2.5 FLUSH-MOUNTED TEST STATION 

A. Flush-mounted test station boxes shall be traffic boxes rated to withstand 
AASHTO H20 traffic loading.  

B. The Test station boxes shall be B1017 enclosures or G series valve boxes, as 
manufactured by Christy Concrete Products, or an approved equivalent.  

C. Covers for test stations shall be cast iron with welded bead legend and labeled 
“CP TEST”. 

2.6 TERMINAL BOARDS 

A. Terminal boards shall be made of 1/4-inch thick phenolic plastic and sized as 
indicated on the Drawings. 

B. Connection hardware shall be brass or bronze. All connections shall be double 
nutted bolts with serrated lock washers. 

C. Copper bus bar shall be 1/8-inch thick and sized to fit. The copper bus bar shall 
be per ASTM B187 with 98% conductivity. 

2.7 MECHANICAL LUGS  

A. Mechanical lugs shall be brass or copper with a brass, copper, or stainless steel 
set screw. Tin plating on the lugs is optional. Aluminum lugs shall not be 
permitted. Zinc-plated steel set screws shall not be permitted. The lug shall be 
listed per UL 467, suitable for direct burial, and appropriately sized for the 
incoming wires. The lug shall be ILSCO Type XT-6DB, Burndy GKA8C, or an 
approved equivalent. 

2.8 SHUNTS 

A. Shunts shall be selected by the size indicated on the Drawings. 

B. 0.01-ohm, 6-amp shunts shall be manganin wire type, as indicated. Shunts 
shall be Type RS, as manufactured by Holloway, or equivalent. 

2.9 CONDUIT AND FITTINGS 

A. The minimum conduit size shall be 1 inch unless otherwise indicated. Refer to 
NFPA 70 (NEC) for additional conduit size requirements. 

B. Conduit and fittings placed below grade shall be Schedule 80 PVC in 
accordance with NEMA TC2 and NEMA TC3. 
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C. Conduit and fittings placed above grade shall be rigid steel. Rigid Steel conduit 
shall be galvanized and conform to UL 6. 

D. Conduit clamps shall be galvanized steel, 304 stainless steel, or 316 stainless 
steel. 

E. Fittings for use with rigid steel conduit shall be galvanized cast ferrous metal, 
with gasketed covers, Crouse Hinds Condulets, Appleton Unilets, or equivalent. 
Rigid metallic conduit fittings shall be galvanized, conform to NEMA FB 1, and 
listed to UL 514B. 

F. Union couplings for conduit shall be Erickson or Appleton Type EC, 0-Z Gedney 
3-piece Series 4, or equivalent. 

2.10 CAUTION TAPE 

A. The caution tape shall be an inert plastic film designed for prolonged 
underground use. The caution tape shall be a minimum of 3 inches wide and a 
minimum of 4 mils thick.  

B. The caution tape shall be continuously printed over the entire length with the 
wording "CAUTION: CATHODIC PROTECTION CABLE BURIED BELOW."  

C. The wording shall be printed using bold black letters. The color of the tape shall 
be red. 

2.11 WIRES 

A. Conductors shall consist of stranded copper of the gauge indicated on the 
Drawings. Wire sizes shall be based on American Wire Gauge (AWG). Copper 
wire shall be in conformance with ASTM B3 and ASTM B8. 

B. Insulation Type and Colors: As shown on the Drawings. 

1. High molecular weight polyethylene (HMWPE) wires shall be rated for 600 
volts and shall conform to ASTM D1248, Type 1, Class C, Grade 5.  

2. HMWPE wires (CP wire) shall be rated for 600 volts and have dual 
insulation. The primary layer of insulation shall be a homogeneous 20 mil 
wall, and the jacket shall be a 65 mil wall of HMWPE conforming to ASTM 
D1248, Type 1, Class C, Grade 5. HMWPE wire shall be UL listed as 
Cathodic Protection Wire.  

3. RHW wires shall be UL listed and marked as RHW or RHW-2 and rated for 
600 volts. RHW wires shall have crosslinked polyethylene (XLPE) insulation 
that conforms with ASTM D1248. 

4. THWN wires shall be UL listed and marked as THWN or THWN-2 and rated 
for 600 volts. THWN wires shall have polyvinyl chloride (PVC) insulation that 
conforms with ASTM D2220 and an outer jacket of nylon.  



 WHCRWA 

CATHODIC PROTECTION SYSTEM CENTRAL PUMP STATION       
 

WHCRWA CENTRAL PUMP STATION
CATHODIC PROTECTION SYSTEM

13 47 13 - 8 OF 18

2.12 WIRE IDENTIFICATION TAGS 

A. Wire identification tags shall be the wrap-around type with a high resistance to 
oils, solvents, and mild acids. Wrap-around markers shall fully encircle the wire 
with imprinted alpha-numeric characters for pipe identification. The letters and 
numbers height shall be 3/16 inch at minimum.  

2.13 EXOTHERMIC WELDS 

A. Exothermic welds shall be in accordance with the manufacturer’s 
recommendations. Exothermic welds shall be Cadweld manufactured by Erico, 
Thermoweld manufactured by Burndy, or an approved equivalent.  

B. Prevent molten weld metal from leaking out of the mold, where necessary, by 
using Duxseal packing manufactured by Johns-Manville, Thermoweld packing 
material manufactured by Burndy, Cadweld T403 Mold Sealer manufactured by 
Erico, or an approved equivalent. 

C. The shape and charge of the exothermic weld shall be chosen based on the 
following parameters: 

1. Pipe material 

2. Pipe size 

3. Wire size and requirement for sleeves 

4. Number of wires to be welded 

5. Orientation of weld (vertical or horizontal) 

2.14 EXOTHERMIC WELD COATING 

A. After exothermic welding, repair coatings and linings in accordance with the 
coating and lining manufacturer’s recommendation.  

B. For bare steel, dielectrically coated steel, or ductile iron pipe, weld caps with 
integrated primer shall be used to cover the exothermic weld connecting the wire 
to the pipe. The weld cap shall be a 10-mil thick durable plastic sheet that has a 
dome filled with a moldable compound to assure complete encapsulation of the 
exothermic weld and a layer of elastomeric adhesive with integrated primer. The 
adhesive and primer shall be compatible with the pipe material and pipe coating 
material per specification 09 80 10. Adhesion to steel shall be at least 10 lb/in per 
ASTM D1000.  

2.15 DIELECTRIC INSULATING FLANGE KITS 

A. Insulating flange kits shall include full-faced gaskets, insulating sleeves and 
washers, and 316 stainless steel bolts, nuts, and washers. The complete 
assembly shall have a pressure rating equal to or greater than the flanges 
between which it is installed. Sleeves, gaskets, and insulating washers shall have 
a minimum dielectric constant of 300 volts per mil. Stainless steel washers shall 
fit well within the bolt facing on the flange. Insulating washers shall fit within the 
bolt facing the flange over the outside diameter of the sleeve. 
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1. Insulating gasket shall be full-faced, Type E, and 1/8-inch thick. Acceptable 
gasket materials include nitrile faced phenolic, G-10, or a material with 
equivalent or increased performance. Acceptable seal materials include 
EPDM, PTFE, or a material with equivalent or increased performance. When 
used in potable water systems, gasket and seal shall be NSF 61 approved.  

2. Insulating sleeves shall be 1/32-inch thick and equal the number of bolts on 
the flange. Acceptable materials include Mylar, G-10, or a material with 
equivalent or increased performance.  

3. Insulating washers shall be 1/8-inch thick and equal to twice the number of 
bolts on the flange. Acceptable materials include G-10 or a material with 
equivalent or increased performance.  

B. Dielectric insulating flange kits shall be manufactured by Advance Products & 
Systems Inc., GPT Industries, or an approved equivalent. 

2.16 MONOLITHIC INSULATING JOINTS 

A. Monolithic insulating joints shall be designed to provide for the electrical 
isolation of piping sections and shall be completely factory assembled. Monolithic 
insulating joints shall be designed so that they are welded into the field piping 
during installation.  

B. Monolithic insulating joints shall have the same or better pressure rating and 
hydrostatic performance as the pipeline where it will be installed.  

C. The electrical resistance in dry air shall be greater than or equal to 5 MΩ at 
1000 VDC. The breakdown voltage in dry air shall be at least 3 kVAC at 50 Hz for 1 
minute.  

D. When used in potable water systems, the internal coating shall be NSF 
approved. 

E. Monolithic insulating joints shall be manufactured by Advance Products & 
Systems Inc., GPT Industries, or an approved equivalent. 

2.17 PETROLATUM WAX TAPE 

A. Petrolatum wax tape shall meet or exceed the requirements of AWWA C217 
and shall consist of four parts: Surface primer, filler putty, wax tape, and outer 
covering. All four parts shall be the product of a single manufacturer.  

B. The primer shall be a blend of petrolatums, plasticizers, and corrosion inhibitors 
having a paste-like consistency. Primer shall be Wax-Tape Primer manufactured 
by Trenton, Denso Paste manufactured by Denso, or approved equivalent. 

C. The wax tape shall be synthetic-fiber felt, 45 to 90 mils thick, saturated with a 
blend of micro-crystalline wax, petrolatums, plasticizers, and corrosion inhibitors 
that are capable of easy conformability over irregular surfaces. Wax tape shall be 
#1 Wax-Tape manufactured by Trenton, Denso Tape manufactured by Denso, or 
approved equivalent. 
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D. The outer covering shall be a plastic wrap consisting of one 150-gauge sheet or 
three 50-gauge sheets wound together as a single sheet, clear polyvinylidene 
chloride, shrink wrap that is flexible enough to conform to irregular surfaces. 
Outer wrapping shall be Poly-Ply by Trenton, Poly-Wrap by Denso, or approved 
equivalent. 

2.18 ISOLATION MAT 

A. Isolation mat shall be ¼ in thick neoprene and of the dimensions shown on the 
Drawings.  

PART 3 -  EXECUTION 

3.1 MATERIAL AND EQUIPMENT STORAGE 

A. All materials and equipment to be used in construction shall be stored in such a 
manner to be protected from detrimental effects from the elements. If warehouse 
storage cannot be provided, materials and equipment shall be stacked well 
above ground level and protected from the elements with plastic sheeting or 
another method, as appropriate. 

3.2 EXCAVATION AND BACKFILL 

A. Buried wires shall have a minimum cover of 30 inches. 

B. Caution tape shall be installed 12 inches below final grade. Caution tape shall 
be installed a minimum of 6 inches above underground wires and conduits. 

C. Wire identification tags shall be placed on the wires prior to placing wire in 
conduit or backfilling. 

D. For lateral conduit runs, install wires in PVC conduit set at the center of trench. 
Maintain sufficient slack in wire to prevent wire from being unduly stressed or 
broken during backfill operations. 

3.3 SURFACE GROUND BED FOR GALVANIC ANODES 

A. Prepackaged anodes shall be installed at the locations indicated on the 
Drawings.  

B. Plastic or paper wrapping shall be removed from the anode prior to lowering the 
anode into the hole. Anodes shall not be suspended by the lead wires. Damage 
to the canvas bag, anode-to-wire connection, copper wire, or wire insulation 
before or during installation will require replacement of the entire anode 
assembly. Anodes shall be inspected and approved prior to backfilling.  
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C. Anodes shall be backfilled with native soil. Backfilling with native soil shall 
proceed in 6-inch lifts, compacting the soil around the anode during each lift 
without damaging the cloth sack, until the backfill has reached grade. Upon 
completion of compaction of backfill to the top of the anode, and prior to filling the 
hole and compacting the backfill to the surface, a minimum of 10 gallons of fresh 
water shall be poured into the hole to saturate the prepackaged anode backfill 
and surrounding soil. 

D. Anode lead wires shall be spliced to a header cable routed and terminated on 
the panel board as shown in the Drawings. 

3.4 TEST STATIONS 

A. Test stations shall be installed at the approximate locations shown on the 
Drawings. The CONTRACTOR shall field verify all final locations, subject to 
acceptance by the ENGINEER. Test stations shall be located within the pipeline 
easement. Test stations shall be located in areas not subject to vehicular traffic, 
such as sidewalks, unless otherwise approved by the ENGINEER.  

B. For flush-mounted test stations, place the bottom of the test box on native soil. 
Do not place rock, gravel, sand, or debris in the box. Install 4,000 psi concrete 
collar with reinforcement after placement of the test box to finished grade. 
Provide sufficient sloping in the concrete pad or surrounding pavement to provide 
drainage away from the test box.  

C. Connect wires to the terminal board as shown on the Drawings. Each wire shall 
be identified with a permanent wire identifier within 4 inches of the termination. 
After installation, all wire connections in the test station shall be tested by the 
CONTRACTOR to ensure they meet the requirements herein. 

D. For foreign pipeline test stations, the CONTRACTOR shall notify the owner of 
foreign utility piping for which foreign pipeline crossing test stations are to be 
installed. Notification shall be provided at least 2 weeks in advance. Test leads to 
foreign pipelines shall be installed in the presence and to the satisfaction of a 
representative of the foreign pipeline owner. 

E. The CONTRACTOR shall provide global positioning system (GPS) coordinates 
for each test station location with a minimum accuracy of 1 meter or 3 feet. The 
CONTRACTOR shall submit the GPS coordinates of the test stations to the 
ENGINEER after installation and include the coordinates on the Record 
Drawings. 

3.5 WIRES 

A. Buried wires shall be laid straight without kinks. Each wire run shall be 
continuous in length and free of joints or splices, unless otherwise indicated. 
Care shall be taken during installation to avoid punctures, cuts, or other damage 
to the wire insulation. Damage to insulation shall require replacement of the 
entire length of wire at the CONTRACTOR’s expense. 
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B. At least 12 inches of slack (coiled) shall be left for each wire at each flush-to-
grade test station. Wire slack shall be sufficient to allow removal of wire 
extension for testing.  

C. Wire shall not be bent into a radius of less than eight times the overall wire 
diameter. 

D. The wire conduits must be of sufficient diameter to accommodate the wires. 
This shall be determined by the number and size of wires in accordance with the 
applicable codes and standards. 

E. Conduit shall be installed to a minimum depth of 30 inches below grade.  

F. Install caution tape a minimum of 6 inches above buried wire and conduits and 
a maximum of 12 inches below final grade. Every 3 feet, double over the tape for 
a distance of 8 inches to increase the apparent flexibility of the tape.  

3.6 WIRE IDENTIFICATION TAGS 

A. All wires shall be coded with wire identification tags within 4 inches of the wire 
end indicating diameter and type of pipe. 

B. Wire identification tags shall be placed on all wires prior to backfilling and 
installation of test stations.  

3.7 EXOTHERMIC WELD CONNECTIONS 

A. Exothermic weld connections shall be installed in the manner and at the 
locations indicated. Exothermic welds shall be spaced at least 6 inches apart 
from other exothermic welds, fittings, and circumferential welds. 

B. Coating materials shall be removed from the surface over an area of sufficient 
size to make the connection and as indicated on the Drawings. The surface shall 
be cleaned to bare metal per SSPC SP11 prior to welding the conductor. The 
use of resin impregnated grinding wheels will not be allowed.  

C. Only enough insulation shall be removed such that the copper conductor can be 
placed in the welding mold. If the wire conductor diameter is not the same as the 
opening in the mold, then a copper adapter sleeve shall be fitted over the 
conductor. 

D. The CONTRACTOR shall be responsible for testing all test lead and bond wire 
welds. The ENGINEER, at his or her discretion, shall witness these tests. After 
the weld has cooled, all slag shall be removed and the metallurgical bond shall 
be tested for adherence by the CONTRACTOR. A 22-ounce hammer shall be 
used for adherence testing by striking a blow to the weld. Care shall be taken to 
avoid hitting the wires and the pipe. If the adherence tests fail, all defective welds 
shall be removed and replaced in a new location at least 6 inches away from the 
original weld location.  

E. All exposed surfaces of the copper and steel shall be covered with insulating 
materials.  
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1. For dielectrically coated or polyethylene encased pipes, a plastic weld cap 
with integrated primer shall cover the exothermic weld and surrounding 
area. All surfaces must be clean, dry, and free of oil, dirt, loose particles, 
and all other foreign materials prior to application of the weld cap. 

2. For mortar coated pipes, epoxy putty covered with mortar shall be applied 
over the exothermic weld and surrounding area. The mortar shall match the 
exterior mortar on the pipe.  

F. The CONTRACTOR shall inspect both the exterior of the pipe to confirm that all 
coatings and linings removed or damaged as a result of the welding have been 
repaired. The CONTRACTOR shall furnish all materials, clean surfaces, and 
repair protective coatings and linings damaged as a result of the welding. Repair 
of any coating or lining damaged during welding shall be performed in 
accordance with coating or lining manufacturer’s recommendations. 

G. After backfilling pipe, all test lead pairs shall be tested for broken welds using a 
standard ohmmeter. The resistance shall not exceed 150% of the theoretical wire 
resistance, as determined from published wire data. 

3.8 JOINT BONDS 

A. Joint bonding shall be provided across flexible couplings and all non-welded 
joints to ensure electrical continuity, except where insulating joints have been 
installed to provide electrical isolation. Joint bonds shall be of the type, size, 
length, and number shown on the Drawings and installed as indicated. 

B. Bonding wires shall allow at least 2 inches of movement in the pipe joint. The 
wire shall be attached by exothermic welding. At least 2 bond wires shall be 
provided between all discontinuous joints. 

3.9 DIELECTRIC INSULATING FLANGE KITS 

A. All insulating components of the insulating flanged gasket set shall be cleaned 
of dirt, grease, oil, and other foreign materials immediately prior to assembly. If 
moisture, soil, or other foreign matter contacts any portion of these surfaces, 
disassemble the entire joint and clean with a suitable solvent. Dry the entire joint. 
Once completely dry, reassemble the joint. 

B. Care shall be taken to prevent any excessive bending or flexing of the gasket. 
Creased or damaged gaskets shall be rejected and removed from the job site. 

C. Bolt holes in mating flanges shall be properly aligned at the time bolts and 
insulating sleeves are inserted to prevent damage to the insulation. Follow the 
manufacturer's recommended bolt tightening sequence. Center the bolt insulating 
sleeves within the insulation washers so that the insulating sleeve is not 
compressed and damaged. 

D. After flanged bolts have been tightened, each insulating washer shall be 
inspected for cracks or other damage. All damaged washers shall be replaced. 
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E. When the flange is determined to be properly functioning to the full satisfaction 
of the OWNER, approval will be granted to proceed with installation. Do not 
proceed with coating, lining, or backfilling the insulating joint prior to gaining 
approval to proceed. If the coating or lining is applied prior to gaining approval to 
proceed, the coating or lining shall be completely removed to the satisfaction of 
the OWNER at the CONTRACTOR’s expense. If the insulating joint is backfilled 
prior to gaining approval from the OWNER, the CONTRACTOR shall completely 
excavate the insulating joint at the CONTRACTOR’s expense. 

F. After testing and acceptance by the OWNER, coat the exterior insulating flange 
and a minimum of 12 inches onto the pipe beyond the gasket with the wax tape 
system specified herein. This only applies to insulated flanges located 
underground or in a vault. 

3.10 MONOLITHIC INSULATING JOINTS 

A. Install monolithic insulating joints in accordance with the manufacturer’s 
instructions. Do not attempt to disassemble the joint at any time. 

B. Before installation, inspect bore for foreign particles and clean if necessary. 
When lifting and moving the monolithic insulating joint, support with strapping on 
both sides of the hub. Do not lift the monolithic insulating joint by the ends. 

C. Install by butt-welding each end of the factory assembled joint to attaching pipe 
or fitting. When welding, equipment shall be grounded on the side of the joint 
being welded.  

D. Do not remove original coating with solvent or abrasion. This may damage the 
insulating gaskets or create a residue that is conductive.  

3.11 PETROLATUM WAX TAPE  

A. Petrolatum wax tape systems shall be applied on insulating joints and non-
cathodically protected metallic appurtenances and fittings located underground or 
in vaults, regardless of whether they are bare or factory coated, as indicated in 
the Drawings. Extend the petrolatum wax tape coating system over any adjacent 
pipe coating by a minimum of 12-inches. Petrolatum wax tape systems shall be 
applied in accordance with NACE SP0375, AWWA C217, these Specifications, 
and the Manufacturer’s recommendations. 

B. Surfaces shall be cleaned of all dirt, grease, oil and other foreign materials 
immediately prior to coating in accordance with SSPC SP1. Loose rust, loose 
paint, and other foreign matter shall be removed in accordance with SSPC SP2 
or SP3.  

C. A prime coating shall be applied in a uniform coating over the entire surface to 
be wrapped. A liberal coating shall be applied to threads, cavities, shoulders, 
pits, and other irregularities. 

D. Fill putty/profiling mastic shall be utilized where necessary to obtain a suitable 
profile for application of the petrolatum wax tape. 



WHCRWA  

CENTRAL PUMP STATION CATHODIC PROTECTION SYSTEM 
  

WHCRWA CENTRAL PUMP STATION
CATHODIC PROTECTION SYSTEM

13 47 13 - 15 OF 18

E. Petrolatum wax tape shall be applied immediately after applying the primer 
using a 1-inch overlap. A spiral wrap shall be used and slight tension shall be 
applied to ensure that there are no air pockets or voids. For bolts, nuts, and other 
irregular shapes, cut strips of wax tape and apply them by gloved hand so that 
there are no voids or spaces under the tape. Apply a sufficient amount of tape to 
completely encapsulate all exposed steel surfaces. After applying the tape, the 
applicator shall firmly press and smooth out all lap seams and crevice areas. The 
tape shall be in tight intimate contact with all surfaces. The minimum wax tape 
thickness shall be 70 mils over smooth surfaces and 140 mils over sharp and 
irregular surfaces, or more as required to fill all voids. 

F. Apply two layers of outer covering over the wax tape coating by tightly wrapping 
it around the pipe such that it adheres and conforms to the wax tape. Secure the 
outer covering to the pipe with adhesive tape. 

3.12 ANODE HEADER WIRE-TO-ANODE LEAD WIRE SPLICES 

A. Secure the copper split bolt or copper crimp onto the wires to provide electrical 
continuity between the wires. For split bolts, apply electrical putty before applying 
additional tapes. Apply two half-lapped layers of rubber splicing tape to the split 
bolt or crimp forming a smooth, water-tight seal over the split bolt and exposed 
copper. The rubber splicing tape shall extend 2 inches over the wire’s insulation. 
Cover the rubber tape with two layers of half-lapped PVC electrical tape. 

3.13 WIRE CONNECTIONS 

A. After installation, all wire connections shall be tested to ensure electrical 
continuity at the test station locations by the CONTRACTOR to ensure that they 
meet the requirements and intent of the Contract Documents. 

3.14 RESTORATION SERVICES 

A. Compaction of backfill for anodes and trenches shall match the existing 
conditions and shall be in conformance with the project specifications. 

B. RESTORATION OF SOD: Restore unpaved surfaces disturbed during the 
installation of anodes and wires to their original elevation and condition. Preserve 
sod and topsoil carefully and replace after the backfilling is completed. Replace 
sod that is damaged using sod of quality equal to that removed. Where the 
surface is disturbed in a newly seeded area, re-seed the area with the same 
quality and formula of seed as that used in the original seeding. 

C. RESTORATION OF PAVEMENT: Patch pavement, sidewalks, curbs, and 
gutters where existing surfaces are removed for construction in conformance with 
the project specifications. 

3.15 ISOLATION TESTING ON INSULATING JOINTS 

A. Insulating joints shall be installed to effectively isolate metallic piping from 
foreign metallic structures. The CONTRACTOR shall test the performance of 
these insulating joints before and after backfilling. 
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B. Before backfilling, the CONTRACTOR shall test the insulating joint using a Gas 
Electronics Model No. 601 Insulation Checker or an approved equivalent. If the 
testing results indicate less than 100% insulation, then the insulating joints shall 
be repaired and retested at the CONTRACTOR’s expense. 

C. After backfilling, testing shall be performed by measurement of native 
pipe-to-soil potentials at both sides of the insulating joint. If the difference in 
native pipe-to-soil potentials on both sides of the insulating joint is within ±100 
mV, then additional testing shall be performed, as follows. Temporary CP current 
shall be circulated on one side of the insulating joint. “On” and “Instant Off” 
pipe-to-soil potentials shall be measured on the other side of the insulating joint. 
If the “Instant Off” potential is more negative than the native potential, the 
insulating joint shall be evaluated by the ENGINEER. If the insulating joint is 
considered deficient it shall be repaired and retested at the CONTRACTOR’s 
expense. 

3.16 CONTINUITY TESTING 

A. Continuity testing of joint bonds shall be performed by the CONTRACTOR’s 
qualified corrosion technician as defined in this section after backfilling. The 
electrical continuity test may additionally be performed before backfilling at the 
CONTRACTOR’s option. 

B. The pipe shall be tested for electrical continuity. Continuity shall be verified 
using the linear resistance method. The pipe should be tested in spans that are 
no less than 250 feet, unless the pipe is shorter than 250 feet, and no more than 
1,000 feet, if test station locations are available. Each test span shall have two 
test leads connected to the pipe at each end. Existing test stations can be used. 
A direct current shall be applied through the pipe using two of four test leads. The 
potential across the test span shall be measured using the other two test leads. 
The current applied and voltage drop shall be recorded for a minimum of three 
different current levels. 

C. The theoretical resistance of the pipe shall be calculated. It shall take into 
account the pipe wall thickness, material, and joint bonds.  

D. The average measured resistance shall be compared to the theoretical 
resistance of the pipe and bond wires. If the measured resistance is greater than 
125% of the theoretical resistance, then the joint bonds shall be considered 
deficient and shall be repaired and retested at the CONTRACTOR’s expense. If 
the measured resistance is less than 90% of the theoretical resistance, then the 
test and/or calculated theoretical resistance shall be considered deficient and the 
test span shall be retested and/or recalculated at the CONTRACTOR’s expense. 
If the piping forms a loop which allows current to flow both in and out of the test 
span, then consideration shall be made for current circulating through both the 
loop and the test span. 

E. Alternative continuity testing methods can be submitted to the ENGINEER for 
consideration and approval. 
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3.17 FINAL SYSTEM CHECKOUT 

A. Upon completion of the installation, the CONTRACTOR shall provide testing of 
the completed system by a Corrosion Technician, and the data shall be reviewed 
by a Corrosion Engineer to ensure conformance with the Contract Documents, 
NACE SP0169, and NACE SP0286. 

B. The testing described herein shall be in addition to and not substitution for any 
required testing of individual items at the manufacturer's plant and during 
installation. 

C. Testing shall be performed at all test leads of all test stations, junction boxes, 
and locations of exposed pipe as soon as possible after installation of the CP 
system.  

D. Testing shall include the following and shall be conducted in accordance with 
NACE TM0497: 

1. Confirm electrical continuity of the cathodically protected pipeline or 
structure in accordance with this Section. 

2. Measure and record the “On” and “Instant Off” structure-to-soil potentials at 
each location after the structure has been given adequate time to polarize.  

3. Measure and record the current output of each anode when the CP system 
is initially turned on and again after it has been given adequate time to 
polarize.  

E. Test results shall be analyzed to determine compliance with NACE SP0169. 

F. Test results shall be analyzed to determine if stray current interference is 
present. Stray current interference is defined as a ±50 mV shift in a pipeline’s 
pipe-to-soil potential that is caused by a foreign current source. Stray current 
interference shall be tested on the project pipeline and foreign pipelines that have 
a reasonable chance of being affected by stray currents. 

G. The CONTRACTOR shall provide a written report, prepared by the Corrosion 
Engineer, documenting the results of the testing and recommending corrective 
work, as required to comply with the Contract Documents. Any deficiencies of 
systems tested shall be repaired and re-tested by the CONTRACTOR at no 
additional cost to the OWNER. 

END OF SECTION 
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SECTION 21 05 00 

COMMON WORK RESULTS FOR FIRE SUPPRESSION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Piping materials and installation instructions common to most piping 
systems. 

2. Mechanical sleeve seals. 

3. Sleeves. 

4. Escutcheons. 

5. Grout. 

6. Equipment installation requirements common to equipment sections. 

7. Painting and finishing. 

8. Concrete bases. 

9. Supports and anchorages. 

1.3 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment 
rooms, furred spaces, pipe chases, unheated spaces immediately below roof, 
spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include 
finished occupied spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor 
ambient temperatures and weather conditions.  Examples include rooftop 
locations. 

D. Concealed, Interior Installations:  concealed from view and protected from 
physical contact by building occupants.  Examples include above ceilings and in 
chases. 

E. Concealed, Exterior Installations:  Concealed from view and protected from 
weather conditions and physical contact by building occupants but subject to 
outdoor ambient temperatures.  Examples include installations within unheated 
shelters. 



 WHCRWA 

COMMON WORK RESULTS FOR FIRE SUPPRESSION  CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
COMMON WORK RESULTS FOR FIRE SUPPRESSION 

21 05 00 - 2 of 8 

F. The following are industry abbreviations for plastic materials: 

1. CPVC:  Chlorinated polyvinyl chloride plastic. 

G. The following are industry abbreviations for rubber materials: 

1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

2. NBR:  Acrylonitrile-butadiene rubber. 

1.4 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  fire-suppression piping and equipment shall withstand 
the effects of site-specific earthquake motions determined according to 
Structural Engineer of Record Seismic Design requirement Schedule as shown 
on the Structural drawings and per SEI/ASCE 7. 

1. The term “withstand” means “the unit will remain in place with separation of 
any parts from the device when subjected to the seismic forces specified 
and the unit will be fully operational after the seismic event.” 

1.5 SUBMITTALS 

A. Produce Date:  For the following: 

1. Mechanical sleeve seals. 

2. Escutcheons 

B. Welding Certificates. 

1.6 QUALITY ASSURANCE 

A. Steel Support Welding:  Qualify processes and operators according to AWS 
D1.1, “Structural Welding Code – Steel.” 

B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler 
and Pressure Vessel Code:  Section IX, “Welding and Brazing Qualifications.” 

1. Comply with provisions in ASME B31 Series, “Code for Pressure Piping.” 

2. Certify that each welder has passed AWS qualification tests for welding 
processes involved and that certification is current. 

C. Electrical Characteristics for Fire-Suppression Equipment:  Equipment of higher 
electrical characteristics may be furnished provided such proposed equipment is 
approved in writing and connecting electrical services, circuit breakers, and 
conduit sizes are appropriately modified.  If minimum energy ratings or 
efficiencies are specified, equipment shall comply with requirements. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps 
through shipping, storage, and handling to prevent pipe end damage and to 
prevent entrance of dirt, debris, and moisture. 

B. Store plastic pipes protected from direct sunlight.  Support to prevent sagging 
and bending. 
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1.8 COORDINATION 

A. Arrange for pipe spaces, chases, slots, and openings in building structure 
during progress of construction, to allow for fire-suppression installations. 

B. Coordinate installation of required supporting devices and set sleeves in 
poured- in-place concrete and other structural components as they are 
constructed. 

C. Coordinate requirements for access panels and doors for fire-suppression items 
requiring access that are concealed behind finished surfaces.  Access panels 
and doors are specified in Division 08 Section “Access Doors” and in Division 
09 Section “Non-structural metal framing”.  

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the 
following requirements apply for product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide products 
by the manufacturers specified. 

2.2 PIPE, TUBE, AND FITTINGS 

A. Refer to individual Division 21 piping Sections for pipe, tube, and fitting 
materials and joining methods. 

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings. 

2.3 JOINING MATERIALS 

A. Refer to individual Division 21 piping Sections for special joining materials not 
listed below. 

B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of 
piping system contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness 
unless thickness or specific material is indicated. 

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze 
flanges. 

b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel 
flanges. 

2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; 
and full-face or ring type, unless otherwise indicated. 

C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise 
indicated.  

D. Plastic, pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended 
by piping system manufacturer, unless otherwise indicated. 
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E. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux 
according to ASTM B 813. 

F. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorous alloys for 
general-duty brazing, unless otherwise indicated; and AWS A5.8, Bag1, silver 
alloy for refrigerant piping, unless otherwise indicated. 

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials 
appropriate for wall thickness and chemical analysis of steel pipe being welded. 

2.4 MECHANICAL SLEEVE SEALS 

A. Description:  Modular sealing element unit, designed for field assembly, to fill 
annular space between pipe and sleeve. 

1. Manufacturers: 

a. Advance Products & Systems, Inc. 

b. Calpico, Inc. 

c. Metraflex Co. 

d. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM or NBR interlocking links shaped to fit surface of 
pipe.  Include type and number required for pipe material and size of pipe. 

3. Pressure Plates:  Carbon steel.  Include two for each sealing element. 

4. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating of 
length required to secure pressure plates to sealing elements.  Include one 
for each sealing element. 

2.5 SLEEVES 

A. Galvanized-Steel Sheet:  0.239-inch minimum thickness; round tube closed with 
welded longitudinal joint. 

B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain 
ends. 

C. Cast Iron:  Cast or fabricated “wall pipe” equivalent to ductile-iron pressure 
pipe, with plain ends and integral waterstop, unless otherwise indicated. 

D. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping 
flange.  Include clamping ring and bolts and nuts for membrane flashing. 

1. Underdeck Clamp:  Clamping ring with set screws. 

2.6 ESCUTCHEONS 

A. Refer to Section 210518 “Escutcheons” for fire-suppression piping for 
requirements. 

2.7 GROUT 

A. Description:  ASTM C 1107, Grade B, non-shrink and nonmetallic, dry 
hydraulic- cement grout. 
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1. Characteristics:  Post-hardening, volume-adjusting, non-staining, 
noncorrosive, nongaseous, and recommended for interior and exterior 
applications. 

2. Design Mix:  5000-psi, 28-day compressive strength. 

3. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 PIPING SYSTEMS – COMMON REQUIREMENTS 

A. Install piping according to the following requirements and Division 21 Sections 
specifying piping systems. 

B. Drawing plans, schematics, and diagrams indicate general location and 
arrangement of systems.  Indicated locations and arrangements were shown to 
establish scope of work and general location expectations.  Install systems as 
indicated unless deviations to layout are approved on Coordination Drawings. 
Provide complete engineering design services by a registered professional 
Engineer licensed in the same state as the project location.  Provide hydraulic 
calculations and complete fabrication drawings.  Perform all necessary flow 
tests. Obtain approvals from all authorities having jurisdiction.  Exact head 
quantity and system sizes are this contractor’s responsibility. 

C. Install piping in concealed locations, unless otherwise indicated and except in 
equipment rooms and service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and 
service areas at right angles or parallel to building walls.  Diagonal runs are 
prohibited unless specifically indicated otherwise. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel 
removal. 

F. All piping shall be located as high as possible in all exposed areas.  Sprinkler 
piping shall not be allowed to be installed at the same height or below light 
fixture elevation.  Carefully coordinate sprinkler work with light fixture runs, 
mechanical duct runs, mechanical piping, plumbing piping, and all other ceiling 
work to ensure systems can be installed as designed with proper access for 
maintenance. 

G. In ceiling areas, sprinkler piping shall be closely coordinated with work of all 
disciplines to ensure that lighting plan, mechanical equipment, ductwork, piping, 
and other ceiling work can be installed as designed with proper access for 
maintenance. 
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H. Carefully coordinate sprinkler work with light fixture runs, mechanical duct runs, 
mechanical piping, plumbing piping, and all other ceiling work.  Sprinkler 
Contractor shall:  Communicate with Electrical Contractor to ensure that 
planned sprinkler routes to not conflict with lighting plan; Communicate with 
Plumbing Contractor to ensure no conflicts exist; Communicate with Mechanical 
Contractor to ensure that planned sprinkler routes do not conflict with 
mechanical ductwork, piping, or prevent proper access to mechanical 
equipment.  This communication must be done to ensure no conflicts exist prior 
to sprinkler pipe installation. 

I. Install piping to permit valve servicing, including hose end drain valve and cap. 

J. Install piping at indicated slopes. 

K. Install piping free of sags and bends. 

L. Install fittings for changes in direction and branch connections.  

M. Install piping to allow application of insulation. 

N. Select system components with pressure rating equal to or greater than system 
operating pressure. 

O. Install escutcheons for penetrations of walls, ceilings, and floors; refer to 
“Escutcheons for Fire-piping suppression” Section 210518 for requirements. 

P. Sleeves are not required for core-drilled holes. 

Q. Permanent sleeves are not required for holes formed by removable PE 
sleeves. 

R. Install sleeves for pipes passing through concrete and masonry walls and 
concrete floor and roof slabs. 

S. Install sleeves for pipes passing through concrete and masonry walls, gypsum- 
board partitions, and concrete floor and roof slabs. 

T. Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves 
and mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular 
clear space between pipe and sleeve for installing mechanical sleeve seals.  

U. Underground, Exterior-Wall Pipe Penetrations: Install cast-iron “wall pipes” for 
sleeves.  Seal pipe penetrations using mechanical sleeve seals.  Select sleeve 
size to allow for 1-inch annular clear space between pipe and sleeve for 
installing mechanical sleeve seals.   

V. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, 
ceilings, and floors at pipe penetrations.  Seal pipe penetrations with Firestop 
materials.  Refer to Division 07 Section “Firestopping” for materials. 

W. Verify final equipment locations for roughing-in. 

X. Refer to equipment specifications in other Sections of these Specifications for 
roughing-in requirements. 
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3.2 PIPING JOINT CONSTRUCTION 

A. Refer to Division 21 Sections specifying piping systems. 

3.3 PIPING CONNECTIONS 

A. Refer to Division 13 Section “Cathodic Protection Systems” for cathodic devices 
and connections to piping and conduit systems. 

3.4 PAINTING 

A. Painting of fire-suppression systems, equipment, and components is specified 
in Division 09 Sections for painting. 

B. Damage and Touchup:  Repair marred and damaged factory-painted finishes 
with materials and procedures to match original factory finish. 

C. Furnish paint to Owner for touchup after project is closed out. 

3.5 CONCRETE BASES 

A. Seismic Performance:  Concrete bases shall withstand the effects of site-
specific earthquake motions determined according to Structural Engineer of 
Record Seismic Design Requirement Schedule as shown on the Structural 
drawings and per SEI/ASCE 7. 

1. The term “withstand” means “the unit will remain in place without separation 
of any parts from the device when subjected to the seismic forces specified 
and the unit will be fully operational after the seismic event.” 

B. Concrete Gases:  Anchor equipment to concrete base according to equipment 
manufacturer’s written instructions. 

1. Construct concrete bases of dimensions indicated, but not less than 4 
inches larger in both directions than supported unit. 

2. Install dowel rods to connect concrete base to concrete floor.  Unless 
otherwise indicated, install dowel rods on 18-inch centers around the full 
perimeter of the base. 

3. Install epoxy-coated anchor bolts for supported equipment that extend 
through concrete base, and anchor into structural concrete floor. 

4. Place and secure anchorage devices.  Use supported equipment 
manufacturer’s setting drawings, templates, diagrams, instructions, and 
directions furnished with items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

6. Install anchor bolts according to anchor-bolt manufacturer’s written 
instructions. 

7. Use 3000-psi, 28-day compressive-strength concrete and reinforcement as 
specified in Division 03. 

8. Chamfer all edges. 
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3.6 ERECTION OF METAL SUPPORTS AND ANCHORAGES 

A. Seismic Performance:  Metal supports and anchorages shall withstand the 
effects of site-specific earthquake motions determined according to Structural 
Engineer of Record Seismic Design Requirement Schedule as shown on the 
Structural drawings and per SEI/ASCE 7. 

1. The term “withstand” means “the unit will remain in place without separation 
of any parts from the device when subjected to the seismic forces specified 
and the unit will be fully operational after the seismic event.” 

B. Refer to Division 05 Section “Metal Fabrications” for structural steel. 

C. Cut, fit, and place miscellaneous metal supports accurately in location, 
alignment, and elevation to support and anchor fire-suppression materials and 
equipment. 

D. Field Welding:  Comply with AWS D1.1. 

3.7 ERECTION OF WOOD SUPPORTS AND ANCHORAGES 

A. Cut, bit, and place wood grounds, nailers, blocking, and anchorages to support, 
and anchor fire-suppression materials and equipment. 

B. Select fastener sizes that will not penetrate members if opposite side will be 
exposed to view or will receive finish materials.  Tighten connections between 
members.  Install fasteners without splitting wood members. 

C. Attach to substrates as required to support applied loads. 

3.8 GROUTING 

A. Mix and install grout for fire-suppression equipment base bearing surfaces, 
pump and other equipment base plates, and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout. 

E. Place grout, completely filling equipment bases. 

F. Place grout on concrete bases and provide smooth bearing surface for 
equipment. 

G. Place grout around anchors. 

H. Cure placed grout. 

END OF SECTION 
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SECTION 21 05 18 

ESCUTCHEONS FOR FIRE-SUPPRESSION PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Escutcheons. 

2. Floor plates. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

PART 2 - PRODUCTS 

2.1 ESCUTCHEONS 

A. One-Piece, Stamped-Steel Type:  with prime finish and set screw.  To be field 
painted to match surroundings. 

B. Split-Plate, Stamped-Steel Type:  With prime finish, concealed hinge, and set 
screw.  To be field painted to match surroundings. 

2.2 FLOOR PLATES 

A. One-Piece Floor Plates:  Cast-iron flange with holes for fasteners. 

B. Split-Casting Floor Plates:  Cast brass with concealed hinge and set screw. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.  
Not required where piping is concealed above ceilings, in chases or behind 
cabinetry. 

1. Install escutcheons with ID to closely fit around pipe, tube, and insulation of 
piping and with OD that completely covers opening. 

2. Escutcheons for New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall:  One piece, deep-
pattern type.  

b. Insulated Piping:  One-piece, stamped-steel type. 
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c. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-
piece, cast-brass or split-casing brass type with prime finish for field 
painting. 

d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-
piece, stamped-steel type or split-plate, stamped steel type with 
concealed hinge. 

e. Bare Piping at Ceiling Penetrations in Finished Spaces:  One piece, 
stamped-steel type or split-plate, stamped-steel type with concealed 
hinge. 

f. Bare Piping in Unfinished Service Spaces:  One-piece, cast brass type -
plated finish. 

g. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type with 
concealed hinge. 

3.2 FIELD QUALITY CONTROL 

A. Replace broken and damaged escutcheons and floor plates using new 
materials. 

END OF SECTION 
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SECTION 21 05 48 

VIBRATION CONTROLS FOR FIRE-SUPPRESSION PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Sup-
plementary Conditions and Division 01 Specification Sections, apply to this Sec-
tion. 

1.2 SUMMARY 

A. Section Includes: 

1. Elastomeric isolation pads. 

2. Elastomeric isolation mounts. 

3. Restrained elastomeric isolation mounts. 

4. Pipe-riser resilient supports. 

5. Resilient pipe guides. 

6. Elastomeric hangers. 

B. Related Requirements: 

1. Section 23 0548.13 "Vibration Controls for HVAC" for devices for HVAC 
equipment and systems. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated load, rated deflection, and overload capacity for each vibration 
isolation device. 

2. Illustrate and indicate style, material, strength, fastening provision, and fin-
ish for each type and size of vibration isolation device type required. 

B. Delegated-Design Submittal:  For each vibration isolation device. 

1. Include design calculations for selecting vibration isolators. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Show coordination of vibration isolation device installa-
tion for fire-suppression piping and equipment with other systems and equip-
ment in the vicinity, including other supports and restraints, if any. 

B. Qualification Data:  For testing agency. 

C. Welding certificates. 
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1.5 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

PART 2 - PRODUCTS 

A. Seismic-Restraint Loading: 

1. Site Class as Defined in the IBC:  D. 

2. Assigned Seismic Use Group or Building Category as Defined in the IBC:  
III. 

3. Design Spectral Response Acceleration at Short Periods (0.2 Second) 

4. Design Spectral Response Acceleration at 1.0-Second Period:  . 

5. Rated strengths, features, and applications shall be as defined in reports by 
an agency acceptable to authorities having jurisdiction. 

a. Structural Safety Factor:  Allowable strength in tension, shear, and 
pullout force of components shall be at least four times the maximum 
seismic forces to which they are subjected. 

2.2 ELASTOMERIC ISOLATION PADS 

A. Elastomeric Isolation Pads: 

1. Manufacturers:  Subject to compliance with requirements, available manu-
facturers offering products that may be incorporated into the Work are  lim-
ited to, the following: 

a. Ace Mountings Co., Inc. 

b. California Dynamics Corporation. 

c. Isolation Technology, Inc. 

d. Kinetics Noise Control, Inc. 

e. Mason Industries, Inc. 

f. Vibration Eliminator Co., Inc. 

g. Vibration Isolation. 

h. Vibration Mountings & Controls, Inc. 

i. Vibro-Acoustics 

2. Fabrication:  Single or multiple layers of sufficient durometer stiffness for 
uniform loading over pad area. 

3. Size:  Factory or field cut to match requirements of supported equipment. 

4. Pad Material:  Oil and water resistant with elastomeric properties. 

5. Surface Pattern:  Smooth pattern. 

6. Infused nonwoven cotton or synthetic fibers. 

http://www.specagent.com/LookUp/?uid=123456867309&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867310&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867311&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867312&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867313&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867314&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867315&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867316&mf=04&src=wd
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7. Load-bearing metal plates adhered to pads. 

8. Sandwich-Core Material:  Resilient and elastomeric. 

a. Surface Pattern:  Smooth pattern. 

b. Infused nonwoven cotton or synthetic fibers. 

2.3 ELASTOMERIC ISOLATION MOUNTS 

A. Double-Deflection, Elastomeric Isolation Mounts: 

1. Manufacturers:  Subject to compliance with requirements, available manu-
facturers offering products that may be incorporated into the Work are  lim-
ited to, the following: 

a. Ace Mountings Co., Inc. 

b. California Dynamics Corporation. 

c. Isolation Technology, Inc. 

d. Kinetics Noise Control, Inc. 

e. Mason Industries, Inc. 

f. Vibration Eliminator Co., Inc. 

g. Vibration Isolation. 

h. Vibration Mountings & Controls, Inc. 

i. Vibro-Acoustics 

2. Mounting Plates: 

a. Top Plate:  Encapsulated steel load transfer top plates, factory drilled 
and threaded with threaded studs or bolts. 

b. Baseplate:  Encapsulated steel bottom plates with holes provided for 
anchoring to support structure. 

3. Elastomeric Material:  Molded, oil-resistant rubber, neoprene, or other elas-
tomeric material. 

2.4 RESTRAINED ELASTOMERIC ISOLATION MOUNTS 

A. Restrained Elastomeric Isolation Mounts: 

1. Manufacturers:  Subject to compliance with requirements, available manu-
facturers offering products that may be incorporated into the Work are lim-
ited to, the following: 

a. Ace Mountings Co., Inc. 

b. California Dynamics Corporation. 

c. Isolation Technology, Inc. 

d. Kinetics Noise Control, Inc. 

e. Mason Industries, Inc. 

f. Vibration Eliminator Co., Inc. 

g. Vibration Isolation. 

http://www.specagent.com/LookUp/?uid=123456867317&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867318&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867319&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867320&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867321&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867322&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867323&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867324&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867325&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867326&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867327&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867328&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867329&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867330&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867331&mf=04&src=wd
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h. Vibration Mountings & Controls, Inc. 

2. Description:  All-directional isolator with restraints containing two separate 
and opposing elastomeric elements that prevent central threaded element 
and attachment hardware from contacting the housing during normal opera-
tion. 

a. Housing:  Cast-ductile iron or welded steel. 

b. Elastomeric Material:  Molded, oil-resistant rubber, neoprene, or other 
elastomeric material. 

2.5 PIPE-RISER RESILIENT SUPPORTS 

A. Description:  All-directional, acoustical pipe anchor consisting of two steel tubes 
separated by a minimum 1/2-inch- (13-mm-) thick neoprene. 

1. Vertical-Limit Stops:  Steel and neoprene vertical-limit stops arranged to 
prevent vertical travel in both directions. 

2. Maximum Load Per Support:  500 psig on isolation material providing equal 
isolation in all directions. 

2.6 RESILIENT PIPE GUIDES 

A. Description:  Telescopic arrangement of 2 steel tubes or post and sleeve ar-
rangement separated by a minimum 1/2-inch- thick neoprene. 

1. Factory-Set Height Guide with Shear Pin:  Shear pin shall be removable 
and reinsertable to allow for selection of pipe movement.  Guides shall be 
capable of motion to meet location requirements. 

2.7 ELASTOMERIC HANGERS 

A. Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods: 

1. Manufacturers:  Subject to compliance with requirements, available manu-
facturers offering products that may be incorporated into the Work are  lim-
ited to, the following: 

a. Ace Mountings Co., Inc. 

b. California Dynamics Corporation. 

c. Isolation Technology, Inc. 

d. Kinetics Noise Control, Inc. 

e. Mason Industries, Inc. 

f. Vibration Eliminator Co., Inc. 

g. Vibration Mountings & Controls, Inc. 

h. Vibro-Acoustics 

2. Frame:  Steel, fabricated with a connection for an upper threaded hanger 
rod and an opening on the underside to allow for a maximum of 30 degrees 
of angular lower hanger-rod misalignment without binding or reducing isola-
tion efficiency. 

http://www.specagent.com/LookUp/?uid=123456867332&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867333&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867334&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867335&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867336&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867337&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867338&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867339&mf=04&src=wd
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3. Dampening Element:  Molded, oil-resistant rubber, neoprene, or other elas-
tomeric material with a projecting bushing for the underside opening pre-
venting steel to steel contact. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and equipment to receive vibration isolation control devices for 
compliance with requirements for installation tolerances and other conditions af-
fecting performance of the Work. 

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual 
locations before installation. 

C. Proceed with installation only after unsatisfactory conditions have been correct-
ed. 

3.2 VIBRATION CONTROL DEVICE INSTALLATION 

A. Coordinate the location of embedded connection hardware with supported 
equipment attachment and mounting points and with requirements for concrete 
reinforcement and formwork specified in Section 03 2100 "Reinforcement” and 
Section 03 1113 "Formwork." 

B. Installation of vibration isolators must not cause any change of position of 
equipment, piping, or ductwork resulting in stresses or misalignment. 

END OF SECTION
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SECTION 21 05 53 

IDENTIFICATION FOR FIRE-SUPPRESSION PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 

2. Warning signs and labels. 

3. Pipe labels. 

4. Duct labels. 

5. Stencils. 

6. Valve tags. 

7. Warning tags. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Samples:  For color, letter style, and graphic representation required for each 
identification material and device. 

C. Equipment Label Schedule:  Include a listing of all equipment to be labeled with 
the proposed content for each label. 

D. Valve numbering scheme. 

E. Valve Schedules:  For each piping system to include in maintenance manuals. 

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and 
painting of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels 
and doors. 

C. Install identifying devices before installing acoustical ceilings and similar 
concealment. 
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PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Metal Labels for Equipment: 

1. Material and Thickness:  anodized aluminum, 0.032-inch minimum 
thickness, and having predrilled or stamped holes for attachment hardware. 

2. Minimum Label Size:  Length and width vary for required label content, but 
not less than 2-1/2 by 3/4 inch. 

3. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less 
than 24 inches, 1/2 inch for viewing distances up to 72 inches, and 
proportionately larger lettering for greater viewing distances.  Include 
secondary lettering two-thirds to three-fourths the size of principal lettering. 

4. Fasteners:  Stainless-steel self-tapping screws. 

5. Adhesive:  Contact-type permanent adhesive, compatible with label and 
with substrate. 

B. Plastic Labels for Equipment: 

1. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical 
engraving, 1/16 inch thick, and having predrilled holes for attachment 
hardware. 

2. Letter Color:  Black. 

3. Background Color:  White. 

4. Maximum Temperature:  Able to withstand temperatures up to 160 deg. F. 

5. Minimum Label Size:  Length and width vary for required label content, but 
not less than 2-1/2 by 3/4 inch. 

6. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less 
than 24 inches, 1/2 inch for viewing distances up to 72 inches, and 
proportionately larger lettering for greater viewing distances.  Include 
secondary lettering two-thirds to three-fourths the size of principal lettering. 

7. Fasteners:  Stainless-steel self-tapping screws. 

8. Adhesive:  Contact-type permanent adhesive, compatible with label and 
with substrate. 

C. Label Content:  Include equipment's Drawing designation or unique equipment 
number, Drawing numbers where equipment is indicated (plans, details, and 
schedules), plus the Specification Section number and title where equipment is 
specified. 
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D. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-
1/2-by-11-inch (A4) bond paper.  Tabulate equipment identification number and 
identify Drawing numbers where equipment is indicated (plans, details, and 
schedules), plus the Specification Section number and title where equipment is 
specified.  Equipment schedule shall be included in operation and maintenance 
data. 

2.2 WARNING SIGNS AND LABELS 

A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical 
engraving, 1/16 inch thick, and having predrilled holes for attachment hardware. 

B. Letter Color:  Red. 

C. Background Color:  White. 

D. Maximum Temperature:  Able to withstand temperatures up to 160 deg. F. 

E. Minimum Label Size:  Length and width vary for required label content, but not 
less than 2-1/2 by 3/4 inch. 

F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 
24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately 
larger lettering for greater viewing distances.  Include secondary lettering two-
thirds to three-fourths the size of principal lettering. 

G. Fasteners:  Stainless-steel self-tapping screws. 

H. Adhesive:  Contact-type permanent adhesive, compatible with label and with 
substrate. 

I. Label Content:  Include caution and warning information, plus emergency 
notification instructions. 

2.3 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, 
with lettering indicating service, and showing flow direction. 

B. Pre-tensioned Pipe Labels:  Pre-coiled, semi-rigid plastic formed to partially 
cover circumference of pipe and to attach to pipe without fasteners or adhesive. 

C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-
adhesive backing. 

D. Pipe Label Contents:  Include identification of piping service using same 
designations or abbreviations as used on Drawings, pipe size, and an arrow 
indicating flow direction. 

1. Flow-Direction Arrows:  Integral with piping system service lettering to 
accommodate both directions, or as separate unit on each pipe label to 
indicate flow direction. 

2. Lettering Size:  At least 1-1/2 inches high. 
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2.4 STENCILS 

A. Stencils:  Prepared with letter sizes according to ASME A13.1 for piping; 
minimum letter height of 1-1/4 inches for ducts; and minimum letter height of 3/4 

inch for access panel and door labels, equipment labels, and similar operational 
instructions. 

1. Stencil Material:  Fiberboard or metal. 

2. Stencil Paint:  Exterior, gloss, alkyd enamel black unless otherwise 
indicated.  Paint may be in pressurized spray-can form. 

3. Identification Paint:  Exterior, alkyd enamel in colors according to 
ASME A13.1 unless otherwise indicated. 

2.5 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system 
abbreviation and 1/2-inch numbers. 

1. Tag Material:  Brass, 0.032-inch minimum thickness, and having predrilled 
or stamped holes for attachment hardware. 

2. Fasteners:  Brass wire-link or beaded chain. 

B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch (A4) bond 
paper.  Tabulate valve number, piping system, system abbreviation (as shown 
on valve tag), location of valve (room or space), normal-operating position 
(open, closed, or modulating), and variations for identification.  Mark valves for 
emergency shutoff and similar special uses. 

1. Valve-tag schedule shall be included in operation and maintenance data. 

2.6 WARNING TAGS 

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags, of 
plasticized card stock with matte finish suitable for writing. 

1. Size:  3 by 5-1/4 inches. 

2. Fasteners:  Brass grommet and wire. 

3. Nomenclature:  Large-size primary caption such as "DANGER," 
"CAUTION," or "DO NOT OPERATE." 

4. Color:  Yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of 
identification devices, including dirt, oil, grease, release agents, and 
incompatible primers, paints, and encapsulants. 



WHCRWA  

CENTRAL PUMP STATION 
IDENTIFICATION FOR FIRE SUPPRESSION PIPING AND 

EQUIPMENT 

 

WHCRWA CENTRAL PUMP STATION  
IDENTIFICATION FOR FIRE SUPPRESSION PIPING AND EQUIPMENT 

21 05 53 - 5 of 6 

3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical 
equipment. 

B. Locate equipment labels where accessible and visible. 

3.3 PIPE LABEL INSTALLATION 

A. Piping Color-Coding:  Painting of piping is specified under Section 09 

Section 099100 "Painting and Protective Coatings" and Section 099110 
"Architectural Painting." 

B. Stenciled Pipe Label Option:  Stenciled labels may be provided instead of 
manufactured pipe labels, at Installer's option.  Install stenciled pipe labels with 
painted, color-coded bands or rectangles complying with ASME A13.1, on each 
piping system. 

1. Identification Paint:  Use for contrasting background. 

2. Stencil Paint:  Use for pipe marking. 

C. Locate pipe labels where piping is exposed or above accessible ceilings in 
finished spaces; machine rooms; accessible maintenance spaces such as 
shafts, tunnels, and plenums; and exterior exposed locations as follows: 

1. Near each valve and control device. 

2. Near each branch connection, excluding short takeoffs for fixtures and 
terminal units.  Where flow pattern is not obvious, mark each pipe at 
branch. 

3. Near penetrations through walls, floors, ceilings, and inaccessible 
enclosures. 

4. At access doors, manholes, and similar access points that permit view of 
concealed piping. 

5. Near major equipment items and other points of origination and termination. 

6. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals 
to 25 feet in areas of congested piping and equipment. 

7. On piping above removable acoustical ceilings.  Omit intermediately spaced 
labels. 

D. Pipe Label Colors : 

1. Background Color:  Red. 

2. Letter Color:  White. 

3.4 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems. List tagged valves 
in a valve schedule. 
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B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and 
color scheme and with captions similar to those indicated in the following 
subparagraphs: 

1. Valve-Tag Size and Shape: 

a. Wet pipe Sprinkler System:  1-1/2 inches. 

3.5 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other 
items where required. 

END OF SECTION 
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SECTION 21 07 00 

FIRE-SUPPRESSION PIPING INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes insulating the following plumbing piping services: 

1. Fire-Suppression-water piping. 

1.3 SUBMITTALS 

A. Product Data: For each type of product indicated. Include thermal conductivity, 
water-vapor permeance thickness, and jackets (both factory- and field-applied, 
if any). POLYISOCYANURATE INSULATION SHALL NOT BE USED ON ANY 
PIPING THAT PENETRATES RATED WALLS. 

B. Samples: For each type of insulation and jacket indicated. Identify each 
Sample, describing product and intended use. Sample sizes are as follows: 

1. Preformed Pipe Insulation Materials: 12 inches long by NPS2. 

2. Jacket Materials for Pipe: 12 inches long by NPS2. 

3. Sheet Jacket Materials: 12 inches square. 

4. Manufacturer’s Color Charts: For products where color is specified, show 
the full range of colors available for each type of finish material. 

C. Qualification Data: For qualified Installer. 

D. Material Test Reports: From a qualified testing agency acceptable to authorities 
having jurisdiction indicating, interpreting, and certifying test results for 
compliance of insulation materials, sealers, attachments, cements, and jackets, 
with requirements indicated. Include dates of tests and test methods employed. 

E. Field quality-control reports. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications: Skilled mechanics who have successfully completed an 
apprenticeship program or another craft training program certified by the 
Department of Labor, Bureau of Apprenticeship and Training. 
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B. Surface-Burning Characteristics: For insulation and related materials, as 
determined by testing identical products according to ASTM E 84 by a testing 
agency acceptable to authorities having jurisdiction. Factory label insulation and 
jacket materials and adhesive, mastic, tapes, and cement material containers, 
with appropriate markings of applicable testing agency. 

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-
developed index of 50 or less. 

2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-
developed index of 150 or less. 

C. Comply with the following applicable standards and other requirements 
specified for miscellaneous components: 

1. Supply and Drain Protective Shielding Guards: ICC A1171. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging: Insulation material containers shall be marked by manufacturer with 
appropriate ASTM standard designation, type and grade, and maximum use 
temperature. 

B. Store insulation materials in a dry location. Wet materials shall not be installed. 

1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields. 

B. Coordinate clearance requirements with piping Installer for piping insulation 
application. Before preparing piping Shop Drawings establish and maintain 
clearance requirements for installation of insulation and field-applied jackets 
and finishes and for space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.7 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where 
required, after installing and testing heat tracing. Insulation application may 
begin on segments that have satisfactory test results. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in “Piping Insulation Schedule, General,” “Indoor 
Piping Insulation Schedule,” “Outdoor, Aboveground Piping Insulation 
Schedule,” and “Outdoor, Underground Piping Insulation Schedule” articles for 
where insulation materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable 
chloride content of less than 50 ppm when tested according to ASTM C 871. 
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D. Cellular Glass: Inorganic, incombustible, foamed or cellulated glass with 
annealed, rigid, hermetically sealed cells. Factory-applied jacket requirements 
are specified in “Factory-Applied Jackets” Article. 

1. Products: Subject to compliance with requirements, provide the following: 

a. Pittsburgh Corning Corporation; Foamglas. 

2. Block Insulation: ASTM C 552, Type I. 

3. Special-Shaped Insulation: ASTM C 552, Type III. 

4. Preformed Pipe Insulation without Jacket: Comply with ASTM C 552, Type 
II, Class1. 

5. Preformed Pipe Insulation with Factory-Applied ASJ-SSL: Comply with 
ASTM C 552, Type II, Class2. 

6. Factory fabricate shapes according to ASTM C 450 and ASTM C 585. 

E. Mineral-Fiber, Prreformed Pipe Insulation: 

1. Products: Subject to compliance with requirements, provide one of the 
following: 

a. Johns Manville; micro-Lok. 

b. Knauf Insulation; 1000-Degree Pipe Insulation. 

c. Owens Corning; Fiberglas Pipe Insulation. 

2. Type I, 850 Deg. F Materials: Mineral or glass fibers bonded with a 
thermosetting resin. Comply with ASTM C 547, Type I, Grade A, with 
factory-applied ASJ-SSL. Factory-applied jacket requirements are specified 
in “Factory-Applied Jackets” Article. 

2.2 INSULATING CEMENTS 

A. Mineral-Fiber Insulating Cement: Comply with ASTM C 195. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

B. Expanded or Exfoliated Vermiculite Insulating Cement: Comply with ASTM C 
196. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with 
ASTM C 449. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 
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2.3 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates 
and for bonding insulation to itself and to surfaces to be insulated, unless 
otherwise indicated. 

B. Cellular-Glass Adhesive: Two-component, thermosetting urethane adhesive 
containing no flammable solvents, with a service temperature range of minus 
100 to plus 200 deg. F. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Use adhesive that complies with the testing and product requirements of 
the California Department of Health Services’ “Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using Small-
Scale Environmental Chambers,” including current Addenda. 

C. Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type II, Class I. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Use adhesive that complies with the testing and product requirements of 
the California Department of Health Services’ “Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using Small-
Scale Environmental Chambers,” including current Addenda. 

D. Mineral-Fiber Adhesive: Comply with Mil-A-3316C, Class 2, Grade A. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. For indoor applications, use adhesive that has a VOC content of 80 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Use adhesive that complies with the testing and product requirements of 
the California Department of Health Services’ “Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using Small-
Scale Environmental Chambers,” including current Addenda. 

E. ASJ Adhesive Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A 
for bonding insulation jacket lap seams and joints: 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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3. Use adhesive that complies with the testing and product requirements of 
the California Department of Health Services’ “Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using Small-
Scale Environmental Chambers,” including current Addenda. 

2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; 
comply with MIL-PRF-19565C, Type II. 

1. For indoor applications, use mastics that have a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient 
services. 

1. For indoor applications, use mastics that have a VOC content of 50/g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2. Products: Subject to compliance with requirements of insulation 
manufacturer. 

3. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 
43-mil dry film thickness. 

4. Service Temperature Range: Minus 20 to plus 180 deg. F. 

5. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by 
weight. 

6. Color: White. 

C. Breather Mastic: Water based; suitable for indoor and outdoor use on above-
ambient services. 

1. For indoor applications, use mastics that have a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2. Products: Subject to compliance with requirements of insulation 
manufacturer. 

3. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry 
film thickness. 

4. Service Temperature Range: Minus 20 to plus 180 deg. F. 

5. Solids Content: 60 percent by volume and 66 percent by weight. 

6. Color: White. 

2.5 LAGGING ADHESIVES 

A. Description: Comply with MIL-A-3316C, Class I, Grade A, and shall be 
compatible with insulation materials, jackets, and substrates. 
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1. For indoor applications, use lagging adhesives that have a VOC content of 
50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

2. Products: Subject to compliance with requirements of insulation 
manufacturer. 

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to 
adhere fire-resistant lagging cloths over pipe insulation. 

4. Service Temperature Range: 0 to plus 180 deg. F. 

5. Color: White. 

2.6 SEALANTS 

A. Joint Sealants: 

1. Joint Sealants for Cellular-Glass and Phenolic Products: Subject to 
compliance with requirements of insulation manufacturer. 

2. Materials shall be compatible with insulation materials, jackets, and 
substrates. 

3. Permanently flexible, elastomeric sealant. 

4. Service Temperature Range: Minus 100 to plus 300 deg. F. 

5. Color: White or gray. 

6. For indoor applications, use sealants that have a VOC content of 420 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

7. Use sealants that comply with the testing and product requirements of the 
California Department of Health Services’ “Standard Practice for the Testing 
of Volatile Organic Emissions from Various Sources Using Small-Scale 
Environmental Chambers,” including current Addenda. 

B. Metal Jacket Flashing Sealants: 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. Materials shall be compatible with insulation materials, jackets, and 
substrates. 

3. Fire- and water-resistant, flexible, elastomeric sealant. 

4. Service Temperature Range: Minus 40 to plus 250 deg. F. 

5. Color: Aluminum. 

6. For indoor applications, use sealants that have a VOC content of 420 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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7. Use sealants that comply with the testing and product requirements of the 
California Department of Health Services’ “Standard Practice for the Testing 
of Volatile Organic Emissions from Various Sources Using Small-Scale 
Environmental Chambers,” including current Addenda. 

C. ASJ Flashing Sealants, and Vinyl, PVDC< and PVC Jacket Flashing Sealants: 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. Materials shall be compatible with insulation materials, jackets, and 
substrates. 

3. Fire- and water-resistant, flexible, elastomeric sealant. 

4. Service Temperature Range: Minus 40 to plus 250 deg. F. 

5. Color: White. 

6. For indoor applications, use sealants that have a VOC content of 420 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

7. Use sealants that comply with the testing and product requirements of the 
California Department of Health Services’ “Standard Practice for the Testing 
of Volatile Organic Emissions from Various Sources Using Small-Scale 
Environmental Chambers,” including current Addenda. 

2.7 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various 
applications. When factory-applied jackets are indicated, comply with the 
following: 

1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil 
backing; complying with ASTM C 1136, Type 1. 

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive 
covered by a removable protective strip; complying with ASTM C 1136, 
Type1. 

2.8 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM 921, Type I, unless otherwise 
indicated. 

B. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 
1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field 
cutting and forming. Thickness is indicated in field-applied jacket schedules. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. Adhesive: As recommended by jacket material manufacturer. 

3. Color: White. 
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4. Factory-fabricated fitting covers to match jacket if available; otherwise, field 
fabricate. 

a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, 
valves, flanges, unions, reducers, end caps, soil-pipe hubs, traps, 
mechanical joints, and P-trap and supply covers for lavatories. 

C. Metal Jacket: 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 
5005, Temper H-14. 

a. Finish and thickness are indicated in field-applied jacket schedules. 

b. Moisture Barrier for Indoor Applications: 1-mil-thick, heat-bonded 
polyethylene and kraft paper. 

c. Moisture Barrier for Outdoor Applications: 3-mil-thick, heat-bonded 
polyethylene and kraft paper. 

d. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 

2) Preformed 2-piece, or gore, 45- and 90-degree, short- and long-
radius elbows. 

3) Tee covers. 

4) Flange and union covers. 

5) End caps. 

6) Beveled collars. 

7) Valve covers. 

8) Field fabricate fitting covers only if factory-fabricated fitting covers 
are not available. 

D. Underground Direct-Buried Jacket: 125-mil-thick vapor barrier and 
waterproofing membrane consisting of a rubberized bituminous resin reinforced 
with a woven-glass fiber or polyester scrim and laminated aluminum foil. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2.9 TAPES 

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with 
acrylic adhesive, complying with ASTM C 1136. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. Width: 3 inches. 

3. Thickness: 11.5 mils. 
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4. Adhesion: 90 ounces force/inch in width. 

5. Elongation: 2 percent. 

6. Tensile Strength: 40 lbf/inch in width. 

7. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape. 

B. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with 
acrylic adhesive; suitable for indoor and outdoor applications. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. Width: 2 inches. 

3. Thickness: 6 mils. 

4. Adhesion: 64 ounces force/inch in width. 

5. Elongation: 500 percent. 

6. Tensile Strength: 18 lbf/inch in width. 

C. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive. 

1. Products: Subject to compliance with requirements of insulation 
manufacturer. 

2. Width: 2 inches. 

3. Thickness: 3.7 mils. 

4. Adhesion: 100 ounces force/inch in width. 

5. Elongation: 5 percent. 

6. Tensile Strength: 34 lbf/inch in width. 

2.10 PROTECTIVE SHIELDING GUARDS 

A. Protective Shielding Ppe Covers: 

1. Manufacturers: Subject to compliance with requirements, provide products 
by one of the following: 

a. McGuire Manufacturing. 

b. Truebro: a brand of IPS Corporation. 

c. Zurn Industries, LLC; Tubular Brass Plumbing Products Operation. 

2. Description: Manufactured plastic wraps for covering plumbing fixture hot- 
and cold-water supplies and trap and drain piping. Comply with Americans 
with Disabilities Act (ADA) requirements. 

B. Protective Shielding Piping Enclosures: 

1. Manufacturers: Subject to compliance with requirements, provide products 
by one of the following: 
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a. Truebro; a brand of IPS Corporation. 

b. Zurn Industries, LLC; Tubular Brass Plumbing Products Operation. 

2. Description: Manufactured plastic enclosure for covering plumbing fixture 
hot- and cold-water supplies and trap and drain piping. Comply with ADA 
requirements. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for 
installation tolerances and other conditions affecting performance of insulation 
application. 

1. Verify that systems to be insulated have been tested and are free of 
defects. 

2. Verify that surfaces to be insulated are clean and dry. 

B. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 PREPARATION 

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove 
materials that will adversely affect insulation application. 

B. Surface Preparation: Clean and prepare surfaces to be insulated. Before 
insulating, apply a corrosion coating to insulated surfaces as follows: 

1. Stainless Steel: Coat 300 series stainless steel with an epoxy primer 5 mils 
thick and an epoxy finish 5 mils thick if operating in a temperature range 
between 140 and 300 deg. F. Consult coating manufacturer for appropriate 
coating materials and application methods for operating temperature range. 

2. Carbon Steel: Coat carbon steel operating at a service temperature 
between 32 and 300 deg. F with an epoxy coating. Consult coating 
manufacturer for appropriate coating materials and application methods for 
operating temperature range. 

C. Coordinate insulation installation with the trade installing heat tracing. Comply 
with requirements for heat tracing that apply to insulation. 

D. Mix insulating cements with clean potable water; if insulating cements are to be 
in contact with stainless-steel surfaces, use demineralized water. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Insulation shall be installed in accordance with the National Commercial and 
Industrial Insulation Standards Manual, latest edition. 

B. Install insulation materials, accessories, and finishes with smooth, straight, and 
even surfaces; free of voids throughout the length of piping including fittings, 
valves, and specialties. 
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C. Install insulation materials, forms, vapor barriers or retarders, jackets, and 
thicknesses required for each item of pipe system as specified in insulation 
system schedules. 

D. Install accessories compatible with insulation materials and suitable for the 
service. Install accessories that do not corrode, soften, or otherwise attack 
insulation or jacket in either wet or dry state. 

E. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

F. Install multiple layers of insulation with longitudinal and end seams staggered. 

G. Do not weld brackets, clips, or other attachment devices to piping, fittings, and 
specialties. 

H. Keep insulation materials dry during application and finishing. 

I. Install insulation with tight longitudinal seams and end joints. Bond seams and 
joints with adhesive recommended by insulation material manufacturer. 

J. Install insulation with least number of joints practical. 

K. Where vapor barrier is indicated, seal joints, seams, and penetrations in 
insulation at hangers, supports, anchors, and other projections with vapor-
barrier mastic. 

1. Install insulation continuously through hangers and around anchor 
attachments. 

2. For insulation application where vapor barriers are indicated, extend 
insulation on anchor legs from point of attachment to support item to point 
of attachment to structure. Taper and seal ends at attachment to structure 
with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert. Seal 
insulation to insulation inserts with adhesive or sealing compound 
recommended by insulation material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation. Install 
shields over jacket, arranged to protect jacket from tear or puncture; by 
hanger, support, and shield. 

L. Apply adhesives, mastics, and sealants at manufacturer’s recommended 
coverage rate and wet and dry film thicknesses. 

M. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 

2. Cover circumferential joints with 3-inch-wide strips, of same material as 
insulation jacket. Secure strips with adhesive and outward clinching staples 
along both edges of strip, spaced 4 inches o.c. 
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3. Overlap jacket longitudinal seams at least 1-1/2 inches,. Install insulation 
with longitudinal seams at bottom of pipe. Clean and dry surface to receive 
self-sealing lap. Staple laps with outward clinching staples along edge at 2 
inches o.c. 

a. For below ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape, according to insulation material 
manufacturer’s written instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams 
and joints and at ends adjacent to pipe flanges and fittings. 

N. Cut insulation in a manner to avoid compressing insulation more than 75 
percent of its nominal thickness. 

O. Finish installation with systems at operating conditions. Repair joint separations 
and cracking due to thermal movement. 

P. Repair damaged insulation facings by applying same facing material over 
damaged areas. Extend patches at least 4 inches beyond damaged areas. 
Adhere, staple, and seal patches similar to butt joints. 

Q. For above-ambient services, do not install insulation to the following: 

1. Vibration-control devices. 

2. Testing agency labels and stamps. 

3. Nameplates and data plates. 

4. Cleanouts. 

3.4 PENETRATIONS 

A. Insulation Installation at Underground Exterior Wall Penetrations: Terminate 
insulation flush with sleeve seal. Seal terminations with flashing sealant. 

B. Insulation Installation at Aboveground Exterior Wall Penetrations: Install 
insulation continuously through wall penetrations. 

1. Seal penetrations with flashing sealant. 

2. For applications requiring only indoor insulation, terminate insulation inside 
wall surface and seal with joint sealant. For applications requiring indoor 
and outdoor insulation, install insulation for outdoor applications tightly 
joined to indoor insulation ends. Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall 
flashing at least 2 inches. 

4. Seal jacket to wall flashing with flashing sealant. 

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not 
Fire Rated): Install insulation continuously through walls and partitions. 
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D. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install 
insulation continuously through penetrations of fire-rated walls and partitions. 

1. Comply with requirements in Division 07 Section “Firestopping” for 
Firestopping and fire-resistive joint sealers. 

E. Insulation Installation at Floor Penetrations: 

1. Pipe: Install insulation continuously through floor penetrations. 

2. Seal penetrations through fire-rated assemblies. Comply with requirements 
in Division 07 Section “Firestopping.” 

3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except 
where more specific requirements are specified in various pipe insulation 
material installation articles. 

B. Insulation shall be installed in accordance with the National Commercial and 
Industrial Insulation Standards Manual, latest edition. 

C. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and other 
specialties with continuous thermal and vapor-retarder integrity unless 
otherwise indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings 
made from same material and density as adjacent pipe insulation. Each 
piece shall be butted tightly against adjoining piece and bonded with 
adhesive. Fill joints, seams, voids, and irregular surfaces with insulating 
cement finished to a smooth, hard, and uniform contour that is uniform with 
adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe 
insulation of same material and thickness as used for adjacent pipe. Cut 
sectional pipe insulation to fit. Butt each section closely to the next and hold 
in place with tie wire. Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation 
of same material, density, and thickness as used for adjacent pipe. Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker. For valves, insulate 
up to and including the bonnets, valve stuffing-box studs, bolts, and nuts. 
Fill joints, seams, and irregular surfaces with insulating cement. 
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5. Insulate strainers using preformed fitting insulation or sectional pipe 
insulation of same material, density, and thickness as used for adjacent 
pipe. Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. Fill 
joints, seams, and irregular surfaces with insulating cement. Insulate 
strainers so strainer basket flange or plug can be easily removed and 
replaced without damaging the insulation and jacket. Provide a removable 
reusable insulation cover. For below-ambient services, provide a design 
that maintains vapor barrier. 

6. Insulate flanges and unions using a section of oversized preformed pipe 
insulation. Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and 
coat with a mastic. Install vapor-barrier mastic for below-ambient services 
and a breather mastic for above-ambient services. Reinforce the mastic 
with fabric-reinforcing mesh. Trowel the mastic to a smooth and well-
shaped contour. 

8. For services not specified to receive a field-applied jacket except for flexible 
elastomeric and polyolefin, install fitted PVC cover over elbows, tees, 
strainers, valves, flanges, and unions. Terminate ends with PVC end caps. 
Tape APAVC covers to adjoining insulation facing using PVC tape. 

9. Stencil or label the outside insulation jacket of each union with the word 
“union”. Match size and color of pipe labels. 

D. Insulate instrument connections for thermometers, pressure gages, pressure 
temperature taps, test connections, flow meters, sensors, switches, and 
transmitters on insulated pipes. Shape insulation at these connections by 
tapering it to and around the connection with insulating cement and finish with 
finishing cement, mastic, and flashing sealant. 

E. Install removable insulation covers at locations indicated. Installation shall 
conform to the following: 

1. Make removable flange and union insulation from sectional pipe insulation 
of same thickness as that on adjoining pipe. Install same insulation jacket 
as adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, 
extend insulation from flanges or union long at least two times the insulation 
thickness over adjacent pipe insulation on each side of flange or union. 
Secure flange cover in place with stainless-steel or aluminum bands. Select 
band material compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, 
except divide the two-part section on the vertical center line of valve body. 
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4. When covers are made from block insulation, make two halves, each 
consisting of mitered blocks wired to stainless-steel fabric. Secure this wire 
frame, with its attached insulation, to flanges with tie wire. Extend insulation 
at least 2 inches over adjacent pipe insulation on each side of valve. Fill 
space between flange or union cover and pipe insulation with insulating 
cement. Finish cover assembly with insulating cement applied in two coats. 
After first coat is dry, apply and trowel second coat to a smooth finish. 

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish 
exposed surfaces with a metal jacket. 

3.6 INSTALLATION OF CELLULAR-GLASS INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of insulation to pipe with wire or bands and tighten bands 
without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 
protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above-ambient services, 
secure laps with outward clinched staples at 6 inches o.c. 

4. Install for insulation with factory-applied jackets on above-ambient services, 
do not staple longitudinal tabs. Instead, secure tabs with additional 
adhesive as recommended by insulation material manufacturer and seal 
with vapor-barrier mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install preformed pipe insulation to outer diameter of pipe flange. 

2. Make width of insulation section same as overall width of flange and bolts, 
plus twice the thickness of pipe insulation. 

3. Fill voids between inner circumference of flange insulation and outer 
circumference of adjacent straight pipe segments with cut sections of 
cellular-glass block insulation of same thickness as pipe insulation. 

4. Install jacket material with manufacturer’s recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as straight segments of pipe 
insulation when available. Secure according to manufacturer’s written 
instructions. 

2. When preformed sections of insulation are not available, install mitered 
sections of cellular-glass insulation. Secure insulation materials with wire or 
bands. 

D. Insulation Installation on Valves and Pipe Specialties: 
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1. Install preformed sections of cellular-glass insulation to valve body. 

2. Arrange insulation to permit access to packing and to allow valve operation 
without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 

3.7 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of preformed pipe insulation to pipe with wire or bands 
and tighten bands without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 
protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above-ambient surfaces, 
secure laps with outward clinched staples at 6 inches o.c. 

4. For insulation with factory-applied jackets on below-ambient surfaces, so 
not staple longitudinal tabs. Instead, secure tabs with additional adhesive 
as recommended by insulation material manufacturer and seal with vapor-
barrier mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install preformed pipe insulation to outer diameter of pipe flange. 

2. Make width of insulation section same as overall width of flange and bolts, 
plus twice the thickness of pipe insulation. 

3. Fill voids between inner circumference of flange insulation and outer 
circumference of adjacent straight pipe segments with mineral-fiber blanket 
insulation. 

4. Install jacket material with manufacturer’s recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as straight segments of pipe 
insulation when available. 

2. When preformed insulation elbows and fittings are not available, install 
mitered sections of pipe insulation, to a thickness equal to adjoining pipe 
insulation. Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed sections of same materials as straight segments of pipe 
insulation when available. 

2. When preformed sections are not available, install mitered sections of pipe 
insulation to valve body. 
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3. Arrange insulation to permit access to packing and to allow valve operation 
without disturbing insulation. 

4. Install insulation to flanges as specified for flange insulation application. 

3.8 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over bare insulation or 
insulation with factory-applied jackets. 

1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and 
joints. 

2. Embed glass cloth between two 0.062-inch thick coats of lagging adhesive. 

3. Completely encapsulate insulation with coating, leaving no exposed 
insulation. 

B. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal 
seams and end joints. Seal with manufacturer’s recommended adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead 
under lap and the finish bead along seam and joint edge. 

C. Where metal jackets are indicated, install with 2-inch overlap at longitudinal 
seams and end joints. Overlap longitudinal seams arranged to shed water. Seal 
end joints with weatherproof sealant recommended by insulation manufacturer. 
Secure jacket with stainless-steel bands 12 inches o.c. and at end joints. 

3.9 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
identified for each piping system and pipe size range. If more than one material 
is listed for a piping system, selection from materials listed is Contractor’s 
option. 

B. Items Not Insulated: Unless otherwise indicated, do not install insulation on the 
following: 

1. Drainage piping located in crawl spaces. 

2. Underground piping. 

3. Chrome-plated pipes and fittings unless there is a potential for personnel 
injury. 

3.10 INDOOR PIPING INSULATION SCHEDULE 

A. Water exposed to freezing 

1. NPS 1 and Smaller: Insulation shall be one of the following: 

a. Cellular Glass: 1-1/2 inches thick. 

b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick. 

2. NPS 1-1/4 and Larger: Insulation shall be one of the following: 
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a. Cellular Glass: 1-1/2 inches thick. 

b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick. 

3.11 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE 

A. Piping: 

1. All Pipe Sizes: Insulation shall be one of the following: 

a. Cellular Glass: 2 inches thick. 

b. Flexible Elastomeric: 2 inches thick. 

c. Mineral-Fiber, Preformed Pipe Insulation, Type I: 2 inches thick. 

3.12 INDOOR FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material. For insulation with factory-applied jacket, 
install the field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor’s 
option. 

C. Piping, Concealed: 

1. None. 

D. Piping, Exposed when damage can occur due to weather or wear and tear: 

1. PVC, 20 mils thick. 

2. Aluminum, Corrugated: 0.016 inch. 

3.13 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material. For insulation with factory-applied jacket, 
install the field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor’s 
option. 

C. Piping, Concealed: 

1. PVC: 20 mils thick. 

2. Aluminum, Corrugated: 0.016 inch thick. 

D. Piping, Exposed: 

1. PVC: 20 mils thick. 

2. Aluminum Corrugated 0.016 inch thick. 

END OF SECTION 
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SECTION 21 13 13 

WET-PIPE SPRINKLER SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Pipes, fittings, and specialties. 

2. Fire-protection valves. 

3. Fire-department connections. 

4. Sprinklers. 

5. Alarm devices. 

6. Pressure gages. 

1.2 SYSTEM DESCRIPTIONS 

A. Wet-Pipe Sprinkler System:  Automatic sprinklers are attached to piping 
containing water and that is connected to water supply through alarm valve.  
Water discharges immediately from sprinklers when they are opened.  
Sprinklers open when heat melts fusible link or destroys frangible device.  Hose 
connections are included if indicated. 

1.3 PERFORMANCE REQUIREMENTS 

A. Standard-Pressure Piping System Component:  Listed for 175-psig minimum 
working pressure. 

B. Delegated Design:  Design sprinkler system(s), including comprehensive 
engineering analysis by a qualified professional engineer, using performance 
requirements and design criteria indicated. 

1. Available fire-hydrant flow test records indicate the following conditions to 
be provided: 

a. Location of Flow Fire Hydrant. 

b. Static Pressure at Residual Fire Hydrant R: 68-92 psi 

c. Measured Flow at Flow Fire Hydrant F: 2500 gpm 

d. Residual Pressure at Residual Fire Hydrant R: 68-92 psi 

C. Sprinkler system design shall be approved by authorities having jurisdiction. 

1. Margin of Safety for Available Water Flow and Pressure:  20 percent, 
including losses through water-service piping, valves, and backflow 
preventers. 

2. Sprinkler Occupancy Hazard Classifications: 

a. Offices and Public Areas: Light Hazard 
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b. Meeting and Training Rooms: Light Hazard 

c. General Storage Areas:  Ordinary Hazard, Group 1 

d. Building Service Areas: Ordinary Hazard, Group 1 

e. Electrical Equipment Rooms:  Ordinary Hazard, Group 1 

f. Mechanical Equipment Rooms: Ordinary Hazard, Group 1 

g. Lab Areas: Ordinary Hazard, Group 2 

3. Minimum Density for Automatic-Sprinkler Piping Design: 

a. Light-Hazard Occupancy:  0.10 gpm over 1500-sq. ft. 

b. Ordinary-Hazard, Group 1 Occupancy:  0.15 gpm over 1500-sq. ft.  

c. Ordinary-Hazard, Group 2 Occupancy:  0.20 gpm over 1500-sq. ft. 

4. Maximum Protection Area per Sprinkler:  Per UL listing. 

a. Office Spaces:  225 sq. ft.  

b. Mercantile Areas: 130 sq. ft. 

c. Storage Areas:  130 sq. ft.  

d. Mechanical Equipment Rooms:  130 sq. ft. 

e. Electrical Equipment Rooms:  130 sq. ft. 

f. Other Areas:  According to NFPA 13 recommendations unless 
otherwise indicated. 

5. Total Combined Hose-Stream Demand Requirement:  According to 
NFPA 13 unless otherwise indicated: 

a. Light-Hazard Occupancies:  100 gpm (6.3 L/s) for 30 minutes. 

b. Ordinary-Hazard Occupancies:  250 gpm (15.75 L/s) for 60 to 90 
minutes. 

D. Seismic Performance:  Sprinkler piping shall withstand the effects of earthquake 
motions determined according to NFPA 13 and ASCE/SEI 7. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings:  For wet-pipe sprinkler systems.  Include plans, elevations, 
sections, details, and attachments to other work. 

1. Wiring Diagrams:  For power, signal, and control wiring. 

C. Delegated-Design Submittal:  For sprinkler systems indicated to comply with 
performance requirements and design criteria, including analysis data signed 
and sealed by the qualified professional engineer responsible for their 
preparation. 

D. Coordination Drawings:  Sprinkler systems, drawn to scale, on which the 
following items are shown and coordinated with each other, using input from 
installers of the items involved: 

1. Domestic water piping. 
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2. Compressed air piping. 

3. HVAC hydronic piping. 

4. Items penetrating finished ceiling include the following: 

a. Lighting fixtures. 

b. Air outlets and inlets. 

E. Qualification Data:  For qualified Installer. 

F. Approved Sprinkler Piping Drawings:  Working plans, prepared according to 
NFPA 13, that have been approved by authorities having jurisdiction, including 
hydraulic calculations if applicable. 

G. Welding certificates. 

H. Field Test Reports and Certificates:  Indicate and interpret test results for 
compliance with performance requirements and as described in NFPA 13.  
Include "Contractor's Material and Test Certificate for Aboveground Piping." 

I. Field quality-control reports. 

J. Operation and maintenance data. 

1.5 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and operators according to ASME 
Boiler and Pressure Vessel Code. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

C. NFPA Standards:  Sprinkler system equipment, specialties, accessories, 
installation, and testing shall comply with the following: 

1. NFPA 13, "Installation of Sprinkler Systems." 

2. NFPA 24, "Installation of Private Fire Service Mains and Their 
Appurtenances." 

PART 2 - PRODUCTS 

2.1 PIPING MATERIALS 

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, 
tube, and fitting materials, and for joining methods for specific services, service 
locations, and pipe sizes. 

2.2 STEEL PIPE AND FITTINGS 

A. Standard Weight, Galvanized and Black Steel Pipe:  ASTM A 53/A 53M, 
Grade B Pipe ends may be factory or field formed to match joining method. 
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B. Thinwall Galvanized and Black Steel Pipe:  ASTM A 135 or 
ASTM A 795/A 795M, threadable, with wall thickness less than Schedule 30 
and equal to or greater than Schedule 10.  Pipe ends may be factory or field 
formed to match joining method. 

C. Galvanized and Black Steel Pipe Nipples:  ASTM A 733, made of 
ASTM A 53/A 53M, standard-weight, seamless steel pipe with threaded ends. 

D. Galvanized and Uncoated, Steel Couplings:  ASTM A 865, threaded. 

E. Galvanized and Uncoated, Gray-Iron Threaded Fittings:  ASME B16.4, 
Class 125, standard pattern. 

F. Malleable- or Ductile-Iron Unions:  UL 860. 

G. Cast-Iron Flanges:  ASME 16.1, Class 125. 

H. Steel Flanges and Flanged Fittings:  ASME B16.5, Class 150. 

I. Steel Welding Fittings:  ASTM A 234/A 234M and ASME B16.9. 

J. Grooved-Joint, Steel-Pipe Appurtenances: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Anvil International, Inc. 

b. Victaulic Company. 

2. Pressure Rating:  250 psig minimum. 

3. Galvanized and Uncoated, Grooved-End Fittings for Steel Piping:  
ASTM A 47/A 47M, malleable-iron casting or ASTM A 536, ductile-iron 
casting; with dimensions matching steel pipe. 

4. Grooved-End-Pipe Couplings for Steel Piping:  AWWA C606 and UL 213, 
rigid pattern, unless otherwise indicated, for steel-pipe dimensions.  Include 
ferrous housing sections, EPDM-rubber gasket, and bolts and nuts. 

K. Steel Pressure-Seal Fittings:  UL 213, FM-approved, 175-psig pressure rating 
with steel housing, rubber O-rings, and pipe stop; for use with fitting 
manufacturers' pressure-seal tools. 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Victaulic Company. 

2.3 PIPING JOINING MATERIALS 

A. Pipe-Flange Gasket Materials:  AWWA C110, rubber, flat face, 1/8 inch thick or 
ASME B16.21, nonmetallic and asbestos free. 

1. Class 125, Cast-Iron Flat-Face Flanges:  Full-face gaskets. 
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B. Metal, Pipe-Flange Bolts and Nuts:  ASME B18.2.1, carbon steel unless 
otherwise indicated. 

C. Welding Filler Metals:  Comply with AWS D10.12M/D10.12 for welding 
materials appropriate for wall thickness and chemical analysis of steel pipe 
being welded. 

2.4 LISTED FIRE-PROTECTION VALVES 

A. General Requirements: 

1. Valves shall be UL listed or FM approved. 

2. Minimum Pressure Rating:  175 psig. 

B. Check Valves: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. NIBCO INC. 

b. Tyco Fire & Building Products LP. 

2. Standard:  UL 312. 

3. Pressure Rating:  250 psig. 

4. Type:  Swing check. 

5. Body Material:  Cast iron. 

6. End Connections:  Flanged or grooved. 

C. Iron OS&Y Gate Valves: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. NIBCO INC. 

b. Tyco Fire & Building Products LP. 

2. Standard:  UL 262. 

3. Pressure Rating:  250 psig minimum. 

4. Body Material:  Cast or ductile iron. 

5. End Connections:  Flanged or grooved. 

D. Indicating-Type Butterfly Valves: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. NIBCO INC. 

b. Tyco Fire & Building Products LP. 
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2. Standard:  UL 1091. 

3. Pressure Rating:  175 psig minimum. 

4. Valves NPS 2 (DN 50) and Smaller: 

a. Valve Type:  Ball or butterfly. 

b. Body Material:  Bronze. 

c. End Connections:  Threaded. 

5. Valves NPS 2-1/2 (DN 65) and Larger: 

a. Valve Type:  Butterfly. 

b. Body Material:  Cast or ductile iron. 

c. End Connections:  Flanged, grooved, or wafer. 

6. Valve Operation:  Integral electrical, 115-V ac, prewired, two-circuit, 
supervisory switch indicating device. 

2.5 TRIM AND DRAIN VALVES 

A. General Requirements: 

1. Standard:  UL's "Fire Protection Equipment Directory" listing or "Approval 
Guide," published by FM Global, listing. 

2. Minimum Pressure Rating:  175 psig. 

B. Ball Valves: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. NIBCO INC. 

b. Tyco Fire & Building Products LP. 

2.6 FIRE-DEPARTMENT CONNECTIONS 

A. Freestanding, Fire-Department Connection: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Elkhart Brass Mfg. Company, Inc. 

b. Guardian Fire Equipment, Inc. 

2. Standard:  UL 405. 

3. Type:  Freestanding. 

4. Pressure Rating:  175 psig minimum. 

5. Body Material:  Corrosion-resistant metal. 
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6. Inlets:  Brass with threads according to NFPA 1963 and matching local fire-
department sizes and threads.  Include extension pipe nipples, brass 
lugged swivel connections, and check devices or clappers. 

7. Caps:  Brass, lugged type, with gasket and chain. 

8. Escutcheon Plate:  Rectangular, brass, wall type. 

9. Outlet:  With pipe threads. 

10. Body Style:  Horizontal. 

11. Number of Inlets:  Two. 

12. Outlet Location:  Bottom. 

13. Finish:  Polished chrome plated. 

14. Outlet Size:  NPS 4 (DN 100). 

2.7 SPRINKLER SPECIALTY PIPE FITTINGS 

A. Branch Outlet Fittings: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Tyco Fire & Building Products LP. 

b. Victaulic Company. 

2. Standard:  UL 213. 

3. Pressure Rating:  175 psig. 

4. Body Material:  Ductile-iron housing with EPDM seals and bolts and nuts. 

5. Type:  Mechanical-T and -cross fittings. 

6. Configurations:  Snap-on and strapless, ductile-iron housing with branch 
outlets. 

7. Size:  Of dimension to fit onto sprinkler main and with outlet connections as 
required to match connected branch piping. 

8. Branch Outlets:  Grooved, plain-end pipe, or threaded. 

B. Flow Detection and Test Assemblies: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Tyco Fire & Building Products LP. 

b. Victaulic Company. 

2. Standard:  UL's "Fire Protection Equipment Directory" listing or "Approval 
Guide," published by FM Global, listing. 
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3. Pressure Rating:  175 psig. 

4. Body Material:  Cast- or ductile-iron housing with orifice, sight glass, and 
integral test valve. 

5. Size:  Same as connected piping. 

6. Inlet and Outlet:  Threaded. 

C. Branch Line Testers: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Elkhart Brass Mfg. Company, Inc. 

b. Potter Roemer. 

2. Standard:  UL 199. 

3. Pressure Rating:  175 psig minimum. 

4. Body Material:  Brass. 

5. Size:  Same as connected piping. 

6. Inlet:  Threaded. 

7. Drain Outlet:  Threaded and capped. 

8. Branch Outlet:  Threaded, for sprinkler. 

D. Sprinkler Inspector's Test Fittings: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Tyco Fire & Building Products LP. 

b. Victaulic Company. 

2. Standard:  UL's "Fire Protection Equipment Directory" listing or "Approval 
Guide," published by FM Global, listing. 

3. Pressure Rating:  175 psig. 

4. Body Material:  Cast- or ductile-iron housing with sight glass. 

5. Size:  Same as connected piping. 

6. Inlet and Outlet:  Threaded. 

E. Adjustable Drop Nipples: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Corcoran Piping System Co. 
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b. Merit Manufacturing; a division of Anvil International, Inc. 

2. Standard:  UL 1474. 

3. Pressure Rating:  250 psig. 

4. Body Material:  Steel pipe with EPDM-rubber O-ring seals. 

5. Size:  Same as connected piping. 

6. Length:  Adjustable. 

7. Inlet and Outlet:  Threaded. 

F. Flexible, Sprinkler Hose Fittings: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Fivalco Inc. 

b. FlexHead Industries, Inc. 

2. Standard:  UL 1474. 

3. Type:  Flexible hose for connection to sprinkler, and with bracket for 
connection to ceiling grid. 

4. Pressure Rating:  175 psig minimum. 

5. Size:  Same as connected piping, for sprinkler. 

2.8 SPRINKLERS 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

1. Tyco Fire & Building Products LP. 

2. Viking Corporation. 

B. General Requirements: 

1. Standard:  UL's "Fire Protection Equipment Directory" listing or "Approval 
Guide," published by FM Global, listing. 

2. Pressure Rating for Automatic Sprinklers:  175 psig minimum. 

C. Sprinkler Finishes: 

1. Chrome plated. 

2. Bronze. 

3. Painted. 

D. Special Coatings: 

1. Corrosion-resistant paint. 
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E. Sprinkler Escutcheons:  Materials, types, and finishes for the following sprinkler 
mounting applications.  Escutcheons for concealed, flush, and recessed-type 
sprinklers are specified with sprinklers. 

F. Sprinkler Guards: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Tyco Fire & Building Products LP. 

b. Viking Corporation. 

2. Standard:  UL 199. 

3. Type:  Wire cage with fastening device for attaching to sprinkler. 

2.9 ALARM DEVICES 

A. Alarm-device types shall match piping and equipment connections. 

B. Water-Flow Indicators: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Potter Electric Signal Company. 

b. System Sensor; a Honeywell company. 

2. Standard:  UL 346. 

3. Water-Flow Detector:  Electrically supervised. 

4. Components:  Two single-pole, double-throw circuit switches for isolated 
alarm and auxiliary contacts, 7 A, 125-V ac and 0.25 A, 24-V dc; complete 
with factory-set, field-adjustable retard element to prevent false signals and 
tamperproof cover that sends signal if removed. 

5. Type:  Paddle operated. 

6. Pressure Rating:  250 psig. 

7. Design Installation:  Horizontal or vertical. 

C. Valve Supervisory Switches: 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Potter Electric Signal Company. 

b. System Sensor; a Honeywell company. 

2. Standard:  UL 346. 

3. Type:  Electrically supervised. 
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4. Components:  Single-pole, double-throw switch with normally closed 
contacts. 

5. Design:  Signals that controlled valve is in other than fully open position. 

2.10 PRESSURE GAGES 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

1. AMETEK; U.S. Gauge Division. 

2. Ashcroft, Inc. 

B. Standard:  UL 393. 

C. Dial Size:  3-1/2- to 4-1/2-inch diameter. 

D. Pressure Gage Range:  0 to 250 psig minimum. 

E. Water System Piping Gage:  Include "WATER" or "AIR/WATER" label on dial 
face. 

2.11 ESCUTCHEONS 

A. General:  Manufactured ceiling, floor, and wall escutcheons and floor plates. 

B. One-Piece, Cast-Brass Escutcheons:  Polished chrome-plated finish with set-
screws. 

C. One-Piece, Deep-Pattern Escutcheons:  Deep-drawn, box-shaped brass with 
chrome-plated finish. 

D. One-Piece, Stamped-Steel Escutcheons:  Chrome-plated finish with set-screw 
or spring clips. 

E. One-Piece Floor Plates:  Cast-iron flange with holes for fasteners. 

F. Split-Casting Floor Plates:  Cast brass with concealed hinge. 

2.12 SLEEVES 

A. Cast-Iron Wall Pipe Sleeves:  Cast or fabricated of cast iron and equivalent to 
ductile-iron pressure pipe, with plain ends and integral waterstop unless 
otherwise indicated. 

B. Galvanized-Steel-Sheet Sleeves:  0.0239-inch minimum thickness; round tube 
closed with welded longitudinal joint. 

C. Molded-PE Sleeves:  Reusable, PE, tapered-cup shaped, and smooth outer 
surface with nailing flange for attaching to wooden forms. 

D. Molded-PVC Sleeves:  Permanent, with nailing flange for attaching to wooden 
forms. 

E. PVC-Pipe Sleeves:  ASTM D 1785, Schedule 40. 
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F. Galvanized-Steel-Pipe Sleeves:  ASTM A 53/A 53M, Type E, standard weight, 
zinc coated, plain ends. 

G. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping 
flange.  Include clamping ring and bolts and nuts for membrane flashing. 

1. Underdeck Clamp:  Clamping ring with set-screws. 

2.13 SLEEVE SEALS 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

1. Advance Products & Systems, Inc. 

2. Metraflex, Inc. 

B. Description:  Modular sealing element unit, designed for field assembly, to fill 
annular space between pipe and sleeve. 

1. Sealing Elements:  EPDM-rubber or NBR interlocking links shaped to fit 
surface of pipe.  Include type and number required for pipe material and 
size of pipe. 

2. Pressure Plates:  Stainless steel. 

3. Connecting Bolts and Nuts:  Stainless steel of length required to secure 
pressure plates to sealing elements. 

2.14 GROUT 

A. Standard:  ASTM C 1107, Grade B, posthardening and volume adjusting, dry, 
hydraulic-cement grout. 

B. Characteristics:  Nonshrink, and recommended for interior and exterior 
applications. 

C. Design Mix:  5000-psi , 28-day compressive strength. 

D. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 SERVICE-ENTRANCE PIPING 

A. Connect sprinkler piping to water-service piping for service entrance to building.   

3.2 PIPING INSTALLATION 

A. Locations and Arrangements:  Drawing plans, schematics, and diagrams 
indicate general location and arrangement of piping.  Install piping as indicated, 
as far as practical. 

1. Deviations from approved working plans for piping require written approval 
from authorities having jurisdiction.  File written approval with Architect 
before deviating from approved working plans. 
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B. Piping Standard:  Comply with requirements for installation of sprinkler piping in 
NFPA 13. 

C. Install seismic restraints on piping.  Comply with requirements for seismic-
restraint device materials and installation in NFPA 13. 

D. Use listed fittings to make changes in direction, branch takeoffs from mains, 
and reductions in pipe sizes. 

E. Install unions adjacent to each valve in pipes NPS 2 (DN 50) and smaller. 

F. Install flanges, flange adapters, or couplings for grooved-end piping on valves, 
apparatus, and equipment having NPS 2-1/2 (DN 65) and larger end 
connections. 

G. Install "Inspector's Test Connections" in sprinkler system piping, complete with 
shutoff valve, and sized and located according to NFPA 13. 

H. Install sprinkler piping with drains for complete system drainage. 

I. Install sprinkler control valves, test assemblies, and drain risers adjacent to 
standpipes when sprinkler piping is connected to standpipes. 

J. Install automatic (ball drip) drain valve at each check valve for fire-department 
connection, to drain piping between fire-department connection and check 
valve.  Install drain piping to and spill over floor drain or to outside building. 

K. Install alarm devices in piping systems. 

L. Install hangers and supports for sprinkler system piping according to NFPA 13.  
Comply with requirements for hanger materials in NFPA 13. 

M. Install pressure gages on riser or feed main, at each sprinkler test connection, 
and at top of each standpipe.  Include pressure gages with connection not less 
than NPS 1/4 (DN 8) and with soft metal seated globe valve, arranged for draining 
pipe between gage and valve.  Install gages to permit removal, and install 
where they will not be subject to freezing. 

N. Fill sprinkler system piping with water. 

O. Install electric heating cables and pipe insulation on sprinkler piping in areas 
subject to freezing.  

3.3 JOINT CONSTRUCTION 

A. Install couplings, flanges, flanged fittings, unions, nipples, and transition and 
special fittings that have finish and pressure ratings same as or higher than 
system's pressure rating for aboveground applications unless otherwise 
indicated. 

B. Install unions adjacent to each valve in pipes NPS 2 (DN 50) and smaller. 

C. Install flanges, flange adapters, or couplings for grooved-end piping on valves, 
apparatus, and equipment having NPS 2-1/2 (DN 65) and larger end 
connections. 
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D. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel 
pipe. 

E. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, 
and fittings before assembly. 

F. Flanged Joints:  Select appropriate gasket material in size, type, and thickness 
suitable for water service.  Join flanges with gasket and bolts according to 
ASME B31.9. 

G. Threaded Joints:  Thread pipe with tapered pipe threads according to 
ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded 
pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as 
follows: 

1. Apply appropriate tape or thread compound to external pipe threads. 

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are 
corroded or damaged. 

H. Twist-Locked Joints:  Insert plain end of steel pipe into plain-end-pipe fitting.  
Rotate retainer lugs one-quarter turn or tighten retainer pin. 

I. Steel-Piping, Pressure-Sealed Joints:  Join lightwall steel pipe and steel 
pressure-seal fittings with tools recommended by fitting manufacturer. 

J. Welded Joints:  Construct joints according to AWS D10.12M/D10.12, using 
qualified processes and welding operators according to "Quality Assurance" 
Article. 

1. Shop weld pipe joints where welded piping is indicated.  Do not use welded 
joints for galvanized-steel pipe. 

K. Steel-Piping, Cut-Grooved Joints:  Cut square-edge groove in end of pipe 
according to AWWA C606.  Assemble coupling with housing, gasket, lubricant, 
and bolts.  Join steel pipe and grooved-end fittings according to AWWA C606 
for steel-pipe joints. 

L. Steel-Piping, Roll-Grooved Joints:  Roll rounded-edge groove in end of pipe 
according to AWWA C606.  Assemble coupling with housing, gasket, lubricant, 
and bolts.  Join steel pipe and grooved-end fittings according to AWWA C606 
for steel-pipe grooved joints. 

M. Steel-Piping, Pressure-Sealed Joints:  Join Schedule 5 steel pipe and steel 
pressure-seal fittings with tools recommended by fitting manufacturer. 

N. Dissimilar-Material Piping Joints:  Make joints using adapters compatible with 
materials of both piping systems. 

3.4 VALVE AND SPECIALTIES INSTALLATION 

A. Install listed fire-protection valves, trim and drain valves, specialty valves and 
trim, controls, and specialties according to NFPA 13 and authorities having 
jurisdiction. 
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B. Install listed fire-protection shutoff valves supervised open, located to control 
sources of water supply except from fire-department connections.  Install 
permanent identification signs indicating portion of system controlled by each 
valve. 

C. Install check valve in each water-supply connection.  Install backflow preventers 
instead of check valves in potable-water-supply sources. 

D. Specialty Valves: 

1. General Requirements:  Install in vertical position for proper direction of 
flow, in main supply to system. 

2. Alarm Valves:  Include bypass check valve and retarding chamber drain-
line connection. 

3.5 SPRINKLER INSTALLATION 

A. Install sprinklers in suspended ceilings in center of acoustical ceiling panels. 

B. Install sprinklers into flexible, sprinkler hose fittings and install hose into bracket 
on ceiling grid. 

3.6 FIRE-DEPARTMENT CONNECTION INSTALLATION 

A. Install free standing type, fire-department connections. 

B. Install automatic (ball drip) drain valve at each check valve for fire-department 
connection. 

3.7 ESCUTCHEON INSTALLATION 

A. Install escutcheons for penetrations of walls, ceilings, and floors. 

B. Escutcheons for New Piping: 

1. Piping with Fitting or Sleeve Protruding from Wall:  One piece, deep pattern. 

2. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One piece, 
cast brass with polished chrome-plated finish. 

3. Bare Piping at Ceiling Penetrations in Finished Spaces:  One piece, cast 
brass with polished chrome-plated finish. 

4. Bare Piping in Unfinished Service Spaces:  One piece, cast brass with 
polished chrome-plated finish. 

5. Bare Piping in Equipment Rooms:  One piece, cast brass. 

6. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece floor 
plate. 

3.8 SLEEVE INSTALLATION 

A. General Requirements:  Install sleeves for pipes and tubes passing through 
penetrations in floors, partitions, roofs, and walls. 

B. Sleeves are not required for core-drilled holes. 
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C. Permanent sleeves are not required for holes formed by removable PE sleeves. 

D. Cut sleeves to length for mounting flush with both surfaces unless otherwise 
indicated. 

E. Install sleeves in new partitions, slabs, and walls as they are built. 

F. For interior wall penetrations, seal annular space between sleeve and pipe or 
pipe insulation using joint sealants appropriate for size, depth, and location of 
joint.  Comply with requirements for joint sealants in Division 07 Section "Joint 
Sealants." 

G. For exterior wall penetrations above grade, seal annular space between sleeve 
and pipe using joint sealants appropriate for size, depth, and location of joint.  
Comply with requirements for joint sealants in Division 07 Section "Joint 
Sealants." 

H. Seal space outside of sleeves in concrete slabs and walls with grout. 

I. Install sleeves that are large enough to provide 1/4-inch annular clear space 
between sleeve and pipe or pipe insulation unless otherwise indicated. 

J. For exterior wall penetrations below grade, seal annular space between sleeve 
and pipe using sleeve seals. 

K. Install sleeve materials according to the following applications: 

1. Sleeves for Piping Passing through Concrete Floor Slabs:  Galvanized-steel 
pipe.  

2. Sleeves for Piping Passing through Concrete Floor Slabs of Mechanical 
Equipment Areas or Other Wet Areas:  Galvanized-steel pipe. 

a. Extend sleeves 2 inches above finished floor level. 

b. For pipes penetrating floors with membrane waterproofing, extend cast-
iron sleeve fittings below floor slab as required to secure clamping ring 
if ring is specified.  Secure flashing between clamping flanges.  Install 
section of cast-iron soil pipe to extend sleeve to 2 inches above finished 
floor level.  Comply with requirements for flashing in Division 07 Section 
"Flashing and Sheet Metal." 

3. Sleeves for Piping Passing through Gypsum-Board Partitions: 

a. Galvanized-steel-pipe sleeves for pipes smaller than NPS 6. 

b. Galvanized-steel-sheet sleeves for pipes NPS 6 and larger. 

c. Exception:  Sleeves are not required for water-supply tubes and waste 
pipes for individual plumbing fixtures if escutcheons will cover openings. 

4. Sleeves for Piping Passing through Concrete Roof Slabs:  Galvanized-steel 
pipe. 

5. Sleeves for Piping Passing through Exterior Concrete Walls: 

a. Galvanized-steel-pipe sleeves for pipes smaller than NPS 6. 
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b. Install sleeves that are large enough to provide 1-inch annular clear 
space between sleeve and pipe or pipe insulation when sleeve seals 
are used. 

6. Sleeves for Piping Passing through Interior Concrete Walls: 

a. Galvanized-steel-pipe sleeves for pipes smaller than NPS 6. 

b. Galvanized-steel-sheet sleeves for pipes NPS 6 and larger. 

L. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, 
ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestop 
materials.  Comply with requirements for firestop materials and installations in 
Division 07 Section "Firestopping." 

3.9 SLEEVE SEAL INSTALLATION 

A. Install sleeve seals in sleeves in exterior concrete walls at water-service piping 
entries into building. 

B. Select type and number of sealing elements required for pipe material and size.  
Position pipe in center of sleeve.  Assemble sleeve seal components and install 
in annular space between pipe and sleeve.  Tighten bolts against pressure 
plates that cause sealing elements to expand and make watertight seal. 

3.10 IDENTIFICATION 

A. Install labeling and pipe markers on equipment and piping according to 
requirements in NFPA 13. 

B. Identify system components, wiring, cabling, and terminals.  Comply with 
requirements for identification specified in Division 26. 

3.11 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Leak Test:  After installation, charge systems and test for leaks.  Repair 
leaks and retest until no leaks exist. 

2. Test and adjust controls and safeties.  Replace damaged and 
malfunctioning controls and equipment. 

3. Flush, test, and inspect sprinkler systems according to NFPA 13, "Systems 
Acceptance" Chapter. 

4. Energize circuits to electrical equipment and devices. 

5. Start and run excess-pressure pumps. 

6. Coordinate with fire-alarm tests.  Operate as required. 

7. Coordinate with fire-pump tests.  Operate as required. 

8. Verify that equipment hose threads are same as local fire-department 
equipment. 
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C. Sprinkler piping system will be considered defective if it does not pass tests and 
inspections. 

D. Prepare test and inspection reports. 

3.12 CLEANING 

A. Clean dirt and debris from sprinklers. 

B. Remove and replace sprinklers with paint other than factory finish. 

3.13 SPRINKLER SCHEDULE 

A. Use sprinkler types in subparagraphs below for the following applications: 

1. Rooms without Ceilings:  Upright sprinklers. 

2. Rooms with Suspended Ceilings:  Concealed and Recessed sprinklers. 

3. Wall Mounting:  Sidewall sprinklers. 

4. Spaces Subject to Freezing:  Pendent, dry sprinklers. 

B. Provide sprinkler types in subparagraphs below with finishes indicated. 

1. Concealed Sprinklers:  Factory-painted consistent with ceiling color. 

2. Recessed Sprinklers:  Bright chrome, with bright chrome escutcheon. 

3. Upright, Pendent and Sidewall Sprinklers:  Factory-painted, consistent with 
ceiling color in finished spaces exposed to view; rough bronze in unfinished 
spaces not exposed to view. 

END OF SECTION. 
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SECTION 21 22 00 

CLEAN AGENT FIRE SUPPRESSION 

PART 1 - GENERAL 

1.1 SCOPE OF WORK 

A. The fire protection contractor shall supply and install everything necessary to 
design, install and test a complete, free from defects HFC-227ea (FM200) Fire 
Suppression and Detection System.  This shall be done in strict accordance 
with NFPA 12A, 72, 2001, the State of Texas, and the following specifications, 
and attached drawings. It shall be the responsibility of the Fire Protection Con-
tractor to verify field conditions. All quantities shown or referred to shall be for 
reference only. The specialty fire protection contractor shall be responsible for 
the final, correct quantities. 

B. Supply and install one multi area HFC-227ea control panel complete with su-
pervised audible circuits, one manual discharge, and an abort circuit as well as 
circuits for the detection and suppression circuits.  This panel shall be complete 
with battery back-up, three sets of form “C” dry contacts, rated at 24 VDC and 
120 VAC, 1` amp maximum.  This panel shall include diagnostic LEDs as a 
standard feature within the panel. This panel shall be manufactured by Fike, 
and the model number shall be FM10.071.1.R1. 

C. Applies to: 

1. Operations Building server room and 

2. Operations Building control room 

PART 2 - RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Sup-
plementary Conditions and Division 01 Specification Sections, apply to this Sec-
tion. 

2.1 APPLICABLE STANDARDS AND PUBLICATIONS 

A. The design, installation, testing and maintenance of the Clean Agent Extin-
guishing System shall be in accordance with the applicable requirements set 
forth in the latest edition of the following codes, standards, and third party ap-
proval agencies: 

1. NFPA 2001: Standard on Clean Agent Fire Extinguishing Systems 

2. NFPA 70:  National Electrical Code 

3. NFPA 72:  National Fire Alarm and Signaling Code 
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4. Factory Mutual (FM) 

5. Underwriters Laboratories (UL) 

6. Requirements of the local Authority Having Jurisdiction (AHJ) 

2.2 SUMMARY 

A. Section Includes: 

1. Piping and piping specialties. 

2. Extinguishing-agent containers. 

3. Extinguishing agent. 

4. Detection and alarm devices. 

5. Releasing control panel. 

6. Accessories. 

7. Connection devices for and wiring between system components. 

8. Connection devices for power and integration into building's fire-alarm sys-
tem. 

B. Section Excludes: 

1. Power supply (120VAC) to system control panel. 

2. Interface (conduit and wiring) to HVAC units, dampers, electric power sup-
plies, relays, or shunt-trip breakers. 

3. Interface (conduit and wiring) to local/remote fire alarm system 

4. Connection to listed central station fire alarm system. 

5. Room sealing, other than penetrations made by the suppression system 
contractor during system installation.  Suppression system contractor shall 
coordinate room sealing requirements with project’s General contractor and 
all sub-contractors. 

2.3 DEFINITIONS 

A. AHJ:  Authority Having Jurisdiction. 

B. ATS:  Acceptance Testing Specifications. 

C. EPO:  Emergency Power Off. 

PART 3 - PRODUCTS 

3.1 MANUFACTURERS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide a 
Fike; FM200 or comparable product by one of the following manufacturers: 
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1. Chemetron Fire Systems; a UTC Fire & Security company. 

2. Ansul. 

3. Pem All Fire Extinguisher Corporation; a division of Pem Systems Inc. 

4. Siemens Building Technologies, Inc.; Fire Safety Division. 

B. Description:  Clean-agent fire-extinguishing system shall be an engineered sys-
tem for total flooding of the hazard area including the room cavity, and below 
the raised floor.  

C. Delegated Design:  Design clean-agent fire-extinguishing system and obtain 
approval from authorities having jurisdiction.  Design system for Class A, B, and 
C fires as appropriate for areas being protected, and include safety factor.  Use 
clean agent indicated and in concentration suitable for normally occupied areas. 

D. Performance Requirements:  (FE-125 per NFPA 2001). 

1. Minimum design concentration:  7.2% by volume in all areas and/or pro-
tected spaces at the minimum anticipated temperature within the protected 
area. 

2. Per NFPA 2001, the system design shall not exceed a maximum exposure 
limit concentration level of 11.5% by volume, unless provisions for room 
evacuation before agent release are provided.  All personnel should be able 
to leave the protected space prior to the discharge or at least within 5 
minutes of the commencement of discharge. 

3.2 SYSTEM OPERATING SEQUENCE 

A. Verified Detection: 

1. Actuating First Detector (Alarm): 

a. Visual and audible indication on control panel. 

b. Energize audible and visual alarms inside the protected hazard area 
(unique pattern). 

c. Transfer relays to shut down air-conditioning and ventilating systems 
serving protected area, close doors in protected area, and send signal 
to fire-alarm system. 

2. Actuating Second Detector (Pre-discharge): 

a. Visual and audible indication on control panel. 

b. Energize audible and visual alarms inside the protected hazard area 
(unique pattern). 

c. Transfer relays to shut down power to protected equipment. 

d. Start time delay for extinguishing-agent discharge for 30 seconds. 

e. Initiate system abort sequence. 

3. Extinguishing-agent discharge (Release):  Pre-discharge time delay expires 
or manual release switch is operated. 
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a. Visual and audible indication on control panel. 

b. Energize audible and visual alarms inside and outside the protected ar-
ea (unique pattern). 

c. Release clean agent suppression system agent. 

B. Supervisory signal initiation shall be by one or more of the following devices 
and systems: 

1. Clean agent container low pressure switch. 

C. Trouble signal initiation shall be by one or more of the following devices and ac-
tions: 

1. Open circuits, shorts, and grounds in designated circuits. 

2. Opening, tampering with, or removing alarm-initiating and supervisory sig-
nal-initiating devices. 

3. Loss of primary power at fire-alarm control unit. 

4. Ground or a single break in fire-alarm control unit internal circuits. 

5. Abnormal AC voltage at fire-alarm control unit. 

6. Break in standby battery circuitry. 

7. Failure of battery charging. 

8. Abnormal position of any switch at fire-alarm control unit or annunciator. 

D. System Supervisory and Trouble Signal Actions: 

1. Visual and audible indication on control panel. 

2. Transfer relays to send signal to fire-alarm system. 

E. Operating manual release switches will cause the immediate discharge of the 
extinguishing agent, overriding the system’s discharge time delay and abort 
functions.  Panel operation shall duplicate the extinguishing-agent discharge 
sequence described in the previous paragraphs. 

1. Electric manual release switches shall be located at each hazard exit. 

2. Push button actuators shall be located on extinguishing agent container so-
lenoid actuator.  Requires a discharge pressure switch to be mounted on 
the discharge piping.  Switch shall be wired to the control panel to indicate 
system activation when actuator is pressed. 

F. Operating abort switches will delay extinguishing-agent discharge while being 
activated.  Release of hand pressure on the switch will cause agent discharge if 
the discharge time delay has expired. 

G. EPO:  Will terminate power to protected equipment immediately on actuation. 

H. Low-Agent Pressure Switch:  Initiate trouble alarm if sensing less than set pres-
sure. 
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3.3 FIRE-EXTINGUISHING CLEAN AGENT 

A. HFC-227ea Clean Agent:  Heptafluoropropane. 

1. Basis-of-Design Product:  Subject to compliance with requirements, provide 
Fike®; FM200™  

3.4 CONTROL PANELS 

A. Description:  FM Approved or NRTL listed, including equipment and features 
required for testing, supervising, and operating fire-extinguishing system.  
Listed and approved for releasing service, and suitable for deluge/pre-action 
sprinkler service. 

1. Basis-of-Design Product:  Subject to compliance with requirements, provide 
Fike®; Cheetah® Xi  - 50 or comparable product by one of the following: 

2. Chemetron Fire Systems; a UTC Fire & Security company. 

3. Ansul. 

4. Pem All Fire Extinguisher Corporation; a division of Pem Systems Inc. 

5. Siemens Building Technologies, Inc.; Fire Safety Division. 

B. Power Requirements:  120-VAC; with electrical contacts for connection to sys-
tem components and fire-alarm system, and transformer or rectifier as needed 
to produce power at voltage required for initiating devices, notification applianc-
es, trouble signals, supervisory signals, digital alarm communicator transmitter, 
and auxiliary power. 

1. Alarm current draw of the entire clean agent suppression system shall not 
exceed 80 percent of the control panel’s power supply rating. 

C. Enclosure:  NEMA ICS 6, Type 1, steel cabinet. 

1. Mounting:  Recessed flush with surface. 

2. Finish: Red baked on enamel finish 

D. Supervised Circuits:   

1. One  signaling line circuits (SLC); Capable of supporting up to 50 address-
able devices per circuit.  Wired NFPA 72, Class B. 

2. Two notification appliance circuits. Wired NFPA 72, Class B; can generate 
Gentex or System Sensor sync protocol. 

3. Two auxiliary power circuits (non-resettable) for field devices. 

4. One auxiliary power circuit (resettable) for field devices. 

5. Three Form-C relay contacts for auxiliary functions. 

6. VESDA:  Connection point for VESDA HLI, which intelligently links VESDA 
detectors to the control panel. 
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7. DACT:  Connection point for digital alarm communicator transmitter (point 
ID communication). 

8. Peripherals:  RS485 peripheral bus maximum 4000 feet (1219 m), maxi-
mum 31 devices. 

E. Control-Panel Features: 

1. Microprocessor controlled. 

2. Ten LED indicators to provide positive indication of system status. 

3. System Navigation and Control buttons. 

4. 3200 event history buffer. 

5. 80 character, backlit LCD to display system and trouble events. 

6. Configurable via PC configuration software or one-board configuration 
menus. 

7. Automatic switchover to standby power at loss of primary power. 

8. Device or Zone enable/disable to interrupt system operation for mainte-
nance with visual status indication on the panel. 

9. Ten LEDs to provide positive indication of system status. 

10. 120 VAC or 240 VAC power input. 

11. Six optional abort types. 

12. Supports up to 31 peripheral bus devices. 

13. 253 user defined zones of operation. 

14. Simultaneous monitoring and release of clean agent and sprinkler suppres-
sion systems. 

15. Capable of cross zone; sequential or single detector release suppression 
system actuation methods. 

16. Compatible with control panel network (128 nodes maximum). 

17. Single person walk-test mode. 

F. Annunciator Panel:  Graphic type showing protected hazard-area plans, as well 
as locations of detectors, aborts, EPOs, and manual stations.  Include lamps to 
indicate device-initiating alarm, electrical contacts for connection to control pan-
el, and stainless-steel or aluminum enclosure. 

G. Standby Power:  24-V dc supply system with batteries, automatic battery 
charger, and automatic transfer switch. 

1. Batteries: Sealed lead calcium. 

2. Batteries sized to operate system for 24 hours and alarm for minimum of 15 
minutes. 
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3.5 ADDRESSABLE MODULES 

A. General Requirements: 

1. Comply with NFPA 72 and UL 864. 

2. 15-30-V dc nominal. 

3. Two-wire type. 

4. Integral Visual-Indicating Light:  LED type, indicating device communication 
and operational status. 

5. Available in isolator and non-isolator versions.  Isolator version provides 
complete short circuit isolation. 

6. Receives operational power and communicates from control panel via SLC 
connection. 

B. Control Module: 

1. Switches an external power supply (24-V dc) to connected notification ap-
pliances. 

2. NAC Wiring:  NFPA [Class B]. 

C. Relay Module: 

1. Provides two sets of Form-C contacts that switch together (DPDT) to per-
form auxiliary functions. 

2. Input capable of monitoring a dry set of contacts for normally open or nor-
mally closed conditions (feedback input). 

D. Releasing Module: 

1. Switches an external power supply (24-V dc) to connected releasing sole-
noid or releasing module.  **Only one application type can be used at a 
time.** 

2. Wiring:  NFPA Class B only. 

E. Monitor Module:  Includes mini module. 

1. Monitors a normally open or normally closed set of dry contacts of an auxil-
iary device. 

2. Provides operational input and device monitoring to the control panel. 

3. Wiring:  NFPA Class B. 

F. Intelligent Pull Station: 

1. Comply with UL 38. 

2. Dual-action (push and pull) pull station with key lock reset feature. 

3. Red finish with molded white lettering. 

4. Provides positive indication of device activation. 
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5. 5 lb. maximum pull force. 

6. Integral monitor module provides operational input to the control panel. 

7. Wiring:  NFPA Class B. 

3.6 ADDRESSABLE SMOKE DETECTORS 

A. General Requirements: 

1. Comply with NFPA 2001, NFPA 72, and UL 268. 

2. 15 to 30-V dc, nominal. 

3. Two-wire type. 

4. Self-restoring:  Detectors do not require resetting or readjustment after ac-
tuation to restore them to normal operation. 

5. Integral Visual-Indicating Light:  LED type, indicating detector has operated 
and power-on status. 

B. Photoelectric Detectors:  LED light source and silicon photodiode receiving el-
ement. 

C. Photoelectric Duct Detector:  LED light source and silicon photodiode receiving 
element. 

1. Mounting:  Inside duct detector housing only. 

2. Sampling tubes, sized to fit duct dimensions, transfer smoke to duct hous-
ing. 

3. Not to be used for open area detection. 

4. Optional Remote Reset, Remote Test and Remote LED annunciators avail-
able. 

D. Base Mounting:  Detector shall be mounted on a twist-lock, fixed base as speci-
fied in Article 2.16. 

E. Signals to the Central Fire Alarm Control Panel:  Any type of local system 
Alarm, Trouble, or Supervisory event is reported to the central fire alarm control 
panel as a composite signal for each event type. 

3.7 DETECTOR BASES 

A. Provide four inch diameter, standard type bases.  Bases shall be equipped with 
terminals for connection to control units signaling line circuit (SLC) and for con-
nection of optional remote annunciator. 

3.8 SWITCHES 

A. General Description:  Surface mounted  FM Approved or NRTL listed, low volt-
age, includes contacts for connection to control panel. 
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B. Manual Release Switch:  Unit can manually discharge extinguishing agent with 
operating device that remains engaged until unlocked. 

1. Stainless steel faceplate. 

2. Dual-action requiring two distinct operations to initiate suppression system 
release. 

3. Red plastic release button, keyed reset. 

4. "MANUAL RELEASE" caption. 

5. Connects to an addressable monitor module, providing a contact closure 
input to control panel. 

C. Abort Switch:  Unit can manually prevent the release of the suppression system 
while pressed. 

1. Stainless steel faceplate. 

2. Red plastic abort button, momentary contact (dead-man type). 

3. Available with key-operated switch. 

4. "SYSTEM ABORT" caption. 

5. Connects to an addressable monitor module, providing a contact closure 
input to control panel. 

3.9 ALARM DEVICES 

A. General Requirements:  Listed and labeled by an NRTL or FM Approved, low 
voltage, and surface mounting.   

B. Combination Devices:  Factory-integrated audible and visible devices in a sin-
gle-mounting assembly.  Connected to notification appliance signal circuits, 
equipped for mounting as indicated and with screw terminals for system con-
nections. 

C. Horns, comply with UL 464:  Electric-vibrating-polarized type, 24-V dc.  Horns 
shall produce a sound-pressure level of 90 dBa minimum, measured 10 feet (3 
m) from horn. 

D. Visible Notification Appliances, comply with UL 1971:  Xenon strobe lights with 
translucent lens, with "FIRE" or similar caption. 

1. Rated Light Output: 

a. Indicated on drawings. 

b. 15/30/75/110 cd, selectable in the field. 

2. Mounting:  Indicated on Drawings. 

3. For units with guards to prevent physical damage, light output ratings shall 
be determined with guards in place. 

4. Flashing shall be in a temporal pattern, synchronized with other units. 
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5. Strobe Leads:  Factory connected to screw terminals. 

6. Mounting Faceplate:  Factory finish, red. 

3.10 INFORMATIONAL SIGNAGE 

A. Provide informational signs as required to comply with NFPA 2001 for the spe-
cific agent. 

PART 4 - EXECUTION 

4.1 CLEAN-AGENT PIPING INSTALLATION 

A. Install clean-agent extinguishing piping and other components level and plumb, 
according to manufacturers' written instructions. 

B. Each pipe section shall be cleaned internally after preparation and before as-
sembly by means of swabbing, using a suitable nonflammable cleaner.  Pipe 
network shall be free of particulate matter and oil residue before installing noz-
zles or discharge devices. 

C. Grooved Piping Joints:  Groove pipe ends according to AWWA C606 dimen-
sions.  Assemble grooved-end steel pipe and steel, grooved-end fittings with 
steel, keyed couplings and lubricant according to manufacturer's written instruc-
tions. 

D. Install extinguishing-agent containers anchored to substrate. 

E. All pipe threads shall be sealed with Teflon tape pipe sealant applied to the 
male threads only. 

F. Install pipe and fittings, valves, and discharge nozzles according to require-
ments listed in NFPA 2001, Section 4.2 "Distribution." 

1. Install valves designed to prevent entrapment of liquid, or install pressure 
relief devices in valved sections of piping systems. 

2. Support piping using supports and methods according to NFPA 13. 

3. Install seismic restraints for extinguishing-agent containers and piping sys-
tems. 

4.2 DETECTION, ACTUATION, ALARM, AND CONTROL SYSTEMS INSTALLATION 

A. Install control panels, detection system components, alarms, and accessories, 
complying with requirements of NFPA 72 and NFPA 2001, Section "Detection, 
Actuation, and Control Systems," as required for supervised system application. 

B. Smoke Detector Spacing: 

1. Comply with NFPA 72, “Smoke-Sensing Fire Detectors” Section in the “Ini-
tiating Devices” Chapter, for smoke detector spacing. 
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2. Comply with NFPA 72, “Heat-Sensing Fire Detectors” Section in the “Initiat-
ing Devices” Chapter, for heat detector spacing. 

3. Smoke ceiling spacing shall not exceed 30 feet (9 m). 

4. Spacing of detectors for irregular areas, for irregular ceiling construction, 
and for high ceiling areas shall be determined according to Appendix A in 
NFPA 72. 

5. HVAC:  Locate detectors not closer than 3 feet (1 m) from air-supply diffus-
er or return-air opening. 

6. Lighting Fixtures:  Locate detectors not closer than 12 inches (300 mm) 
from any part of a lighting fixture. 

C. Audible Alarm-Indicating Devices:  Wall mounted with tops above the finished 
floor not less than 90 inches (2.29 m), and below the ceiling not less than 6 in. 
(150 mm).  Install bells and horns on flush-mounted back boxes with the device-
operating mechanism concealed behind a grille. 

D. Visible Alarm-Indicating Devices:  Wall mounted with entire lends not less than 
80 in. (2.03 m) and not greater than 96 in. (2.44 m) above the finished floor.  
Where ceiling height does not permit mounting at minimum height, mount within 
6 inches (150 mm) of the ceiling. 

E. Combination Audible-Visual Devices:  Where combination audible and visual 
devices are used, mount devices according to Visual Alarm-Initiating Device re-
quirements. 

F. Control Unit: mount, with top of cabinet not more than 72 inches (1830 mm) 
above the finished floor. 

4.3 DEMONSTRATION 

A. Train owner's maintenance personnel to adjust, operate, and maintain the 
clean-agent fire-extinguishing systems. 

4.4 WARRANTY 

A. Clean Agent System manufacturer shall guarantee all components furnished 
under this contract against defects in design, materials, and workmanship for no 
less than one (1) year from the date of system acceptance. 

 

END OF SECTION 
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SECTION 22 05 18 

ESCUTCHEONS FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Escutcheons. 
2. Floor plates. 

1.3 SUBMITTALS 

A. Product Data: For each type of product indicated. 

PART 2 - PRODUCTS 

2.1 ESCUTCHEONS 

A. One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew 
fastener. 

B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with chrome-plated 
finish and spring-clip fasteners. 

C. One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip 
fasteners. 

D. Split-Casting Brass Type: With polished, chrome-plated finish and with concealed 
hinge and setscrew. 

E. Split-Plate, Stamped-Steel Type: With chrome-plated finish, concealed hinge, and 
spring-clip fasteners. 

2.2 FLOOR PLATES 

A. One-Piece Floor Plates: Cast-iron flange with holes for fasteners. 

B. Split-Casting Floor Plates: Cast brass with concealed hinge. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.  

B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of insulated 
piping and with OD that completely covers opening 
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1. Escutcheons for New Piping:  
 

a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-pattern 
type. 

b. Chrome-Plated Piping: One-piece, cast-brass type with polished, chrome-
plated finish. 

c. Insulated Piping: One-piece, stamped-steel type. 
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece, 

cast-brass    type with polished, chrome-plated finish. 
e. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, cast-

brass type with polished, chrome-plated finish. 
f. Bare Piping in Unfinished Service Spaces: One-piece, stamped-steel type. 
g. Bare Piping in Equipment Rooms: One-piece, stamped-steel type 

 

C. Install floor plates for piping penetrations of equipment-room floors.  

D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and 
with OD that completely covers opening. 

E. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and 
with OD that completely covers opening. 
1. New Piping: One-piece, floor-plate type 
2. Existing Piping: Split-casting, floor-plate type 

3.2 FIELD QUALITY CONTROL 

A. Replace broken and damaged escutcheons and floor plates using new materials. 

END OF SECTION  
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SECTION 22 05 19 

METERS AND GAGES FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Bimetallic-actuated thermometers.  
2. Thermowells.  
3. Dial-type pressure gages.  
4. Gage attachments.  
5. Test plugs.  
6. Test-plug kits.  

B. Related Requirements: 
1. Division 21 Fire-suppression piping Sections for fire-protection pressure gages.  
2. Division 22 Section “Domestic Water Piping” for water meters inside the building.  

1.3 SUBMITTALS 

A. Product Data: For each type of product. 

B. Product Certificates: For each type of meter and gage. 

C. Operation and Maintenance Data: For meters and gages to include in operation and 
maintenance manuals. 

PART 2 - PRODUCTS 

2.1 BIMETALLIC-ACTUATED THERMOMETERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following:  
1. Ashcroft Inc.  
2. Ernst Flow Industries.  
3. Marsh Bellofram.  
4. Palmer Wahl Instrumentation Group.  
5. Trerice, H.O. Co.  
6. Weiss Instruments, Inc.  

B. Standard: ASME B40-200.  

C. Case: Liquid-filled type; stainless steel with nominal diameter.  

D. Dial: Non-reflective aluminum with permanently etched scale markings and scales in 
deg. F.  

E. Connector Tube: Union joint, adjustable angle, with unified-inch screw threads.  
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F. Connector Size: ½ inch with ASME B1.1 screw threads.  

G. Stem: 0.25 or 3.75 inch in diameter; stainless steel.  

H. Window: Plain glass.  

I. Ring: Stainless steel.  

J. Element: Bimetal coil.  

K. Pointer: Dark-colored metal.  

L. Accuracy: Plus or minus 1 percent of scale range.  

2.2 THERMOWELLS 

A. Thermowells:  
1. Standard: ASME B40-200.  
2. Description: Pressure-tight, socket-type fitting made for insertion into piping tee 

fitting.  
3. Material for Use with Copper Tubing: CNR or CUNI.  
4. Material for Use with Steel Piping: CRES or CSA.  
5. Type: Stepped shank unless straight or tapered shank is indicated.  
6. External Threads: NPS ½, NPS ¾, or NPS 1, ASME B1.20.l pipe threads.  
7. Internal Threads:  ½, ¾, and 1 inch with ASME B1.1 screw threads.  
8. Bore: Diameter required to match thermometer bulb or stem.  
9. Insertion Length: Length required to match thermometer bulb or stem.  
10. Lagging Extension: Include on thermowells for insulated piping and tubing.  
11. Bushings: For converting size of thermowell’s internal screw thread to size of 

thermometer connection.  

B. Heat-transfer Medium: Mixture of graphite and glycerin.  

2.3 PRESSURE GAGES 

A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages: 
1. Manufacturers: Subject to compliance with requirements, provide products by 

one of the following:  
a. Ametek, Inc.; U.S. Gauge.  
b. Weiss Instruments, Inc.  
c. Weksler Instrument, Operating Unit. Dresser Industries; Instrument Division.  

2. Standard: ASME B40.100.  
3. Case: Liquid-filled type; cast aluminum; 4-1/2 inch nominal diameter.  
4. Pressure-Element Assembly: Bourdon tube unless otherwise indicated.  
5. Pressure Connection: Brass, with NPS ¼, ASME B1.20.1 pipe threads and bot-

tom-outlet type unless back-outlet type is indicated.  
6. Movement: Mechanical, with link to pressure element and connection to pointer.  
7. Dial: Nonreflective aluminum with permanently etched scale markings graduated 

in psi.  
8. Pointer: Red metal.  
9. Window: Glass.  
10. Ring: Brass.  
11. Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.  
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2.4 GAGE ATTACHMENTS 

A. Snubbers: ASME B40.100, brass; with NPS ¼, ASME B1.20.1 pipe threads and pis-
ton or porous-metal-type surge-dampening device. Include extension for use on insu-
lated piping.  

B. Valves: Brass ball or Brass or stainless-steel needle, with NPS ¼, ASME B1.20.1 
pipe threads.  

2.5 TEST PLUGS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following:  
1. Flow Design, Inc.  
2. Peterson Equipment Co., Inc.  
3. Watts Regulator Co.; a div. of Watts Water Technologies, Inc.  

B. Description: Test-station fitting made for insertion into piping tee fitting.  

C. Body: Brass or stainless steel with core inserts and gasketed and threaded cap. In-
clude extended stem on units to be installed to insulated piping.  

D. Thread Size: NPS ¼ or NPS ½, ASME B1.20.1 pipe thread.  

E. Minimum Pressure and Temperature Rating: 500 psig at 200 deg. F.  

F. Core Inserts: Chlorosulfonated polyethylene synthetic and EPDM self-sealing rubber.  

2.6 TEST-PLUG KITS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following:  
1. Flow Design, Inc.  
2. National Meter, Inc.  
3. Trerice, H.O. Co.  
4. Weiss Instruments, Inc.  

B. Furnish one test-plug kit containing two thermometers, one pressure gage and 
adapter, and carrying case. Thermometer sensing elements, pressure gage, and 
adapter probes shall be of diameter to fit test plugs and of length to project into pip-
ing.  

C. Low-Range Thermometer: Small, bimetallic insertion type with 1- to 2-inch-diameter 
dial and tapered-end sensing element. Dial range shall be at least 25 to 125 deg. F.  

D. High-Range Thermometer: Small, bimetallic insertion type with 1- to 2-inch-diameter 
dial and tapered-end sensing element. Dial range shall be at least 0 to 220 deg. F.  

E. Pressure Gage: Small, Bourdon-tube insertion type with 2- to 3-inch-diameter dial 
and probe. Dial range shall be at least 0 to 200 psig.  

F. Carrying Case: Metal or plastic, with formed instrument padding.  
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install thermowells with socket extending to center of pipe and in vertical position in 
piping tees.  

B. Install thermowells of sizes required to match thermometer connectors. Include bush-
ings if required to match sizes.  

C. Install thermowells with extension on insulated piping.  

D. Fill thermowells with heat-transfer medium.  

E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted po-
sitions.  

F. Install remote-mounted thermometer bulbs in thermowells and install cases on pan-
els; connect cases with tubing and support tubing to prevent kinks. Use minimum 
tubing length.  

G. Install direct-mounted pressure gages in piping tees with pressure gage located on 
pipe at the most readable position.  

H. Install remote-mounted pressure gages on panel.  

I. Install valve and snubber in piping for each pressure gage for fluids.  

J. Install test plugs in piping tees.  

K. Install pressure gages in the following locations:  
1. Building water service entrance into building.  
2. Inlet and outlet of each pressure-reducing valve.  

3.2 CONNECTIONS  

A. Install meters and gages adjacent to machines and equipment to allow service and 
maintenance of meters, gages, machines, and equipment.  

3.3 ADJUSTING  

A. Adjust faces of meters and gages to proper angle for best visibility.  

3.3 PRESSURE-GAGE SCHEDULE  

A. Pressure gages at discharge of each water service into building shall be the follow-
ing:  
1. Liquid-filled, direct-mounted, metal case.  

B. Pressure gages at inlet and outlet of each water pressure-reducing valve shall be the 
following:  
1. Liquid-filled direct-mounted, metal case.  
2. Test plug with EPDM self-sealing rubber inserts.  

3.7 PRESSURE-GAGE SCALE-RANGE SCHEDULE  

A. Range for fluids under pressure to be zero (0) psi to two (2) times operating pres-
sure.  

END OF SECTION 
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SECTION 22 05 23 

GENERAL DUTY VALVES FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Bronze ball valves. 
2. Bronze swing check valves 
3. Bronze gate valves 
4. Bronze globe valves 
5. Iron single-flange butterfly valves 
6. Iron grooved-end butterfly valves 

1.3 SUBMITTALS 

A. Product Data: For each type of valve. 

1.4 QUALITY ASSURANCE 

A. ASME Compliance:  ASME B16.10 and ASME B16.34 for ferrous valve dimensions 
and design criteria. 

B. NSF Compliance:  NSF 61 for valve materials for potable-water service. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 
1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, and soldered ends. 
3. Set ball valves open to minimize exposure of functional surfaces. 

B. Use the following precautions during storage: 
1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher-than-ambient-dew-point 

temperature. If outdoor storage is necessary, store valves off the ground in 
watertight enclosures. 

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not 
use operating handles or stems as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES  

A. Refer to valve schedule articles for applications of valves.  
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B. Valve Pressure and Temperature Ratings: Not less than indicated and as required 
for system pressures and temperatures. 

C. Valve Sizes: Same as upstream piping unless otherwise indicated.  

D. Valve Actuator Types:  
1. Handwheel: For valves other than quarter-turn types.  
2. Handlever: For quarter-turn valves NPS 6 and smaller except plug valves.  

E. Valves in Insulated Piping: With 2-inch stem extensions and the following features:  
1. Gate Valves: With rising stem.  
2. Ball Valves: With extended operating handle of non-thermal-conductive material, 

and protective sleeve that allows operation of valve without breaking the vapor 
seal or disturbing insulation.  

F. Valve-End Connections:  
1. Solder Joint: With sockets according to ASME B16.18.  
2. Threaded: With threads according to ASME B1.20.1.  

2.2 BRONZE BALL VALVES  

A. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:  
1. Manufacturers: Subject to compliance with requirements, available manufactur-

ers offering products that may be incorporated into the Work include, but are not 
limited to, the following:  
a. American Valve, Inc. 
b. Crane Co.; Crane Valve Group; Crane Valves. 
c. Hammond Valve. 
d. Milwaukee Valve Company. 
e. NIBCO INC. 
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description:  
a. Standard: MSS SP-110.  
b. SWP Rating: 150 psig. 
c. CWP Rating: 600 psig.  
d. Body Design: Two piece.  
e. Body Material: Bronze.  
f. Ends: Threaded.  
g. Seats: PTFE or TFE.  
h. Stem: Bronze.  
i. Ball: Chrome-plated brass.  
j. Port: Full.  
k. Size: 2” or smaller.   

2.3 BRONZE SWING CHECK VALVES  

A. Class 125, Bronze Swing Check Valves with Bronze Disc:  
1. Manufacturers: Subject to compliance with requirements, available manufactur-

ers offering products that may be incorporated into the Work include, but are not 
limited to, the following:  
a.  American Valve, Inc. 
b. Crane Co.; Crane Valve Group; Crane Valves. 
c. Hammond Valve. 
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d. Milwaukee Valve Company. 
e. NIBCO INC. 
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description:  
a. Standard: MSS SP-80, Type3.  
b. CWP Rating: 200 psig.  
c. Body Design: Horizontal flow.  
d. Body Material: ASTM B 62, bronze.  
e. Ends: Threaded.  
f. Disc: Bronze.  
g. Size: 2-1/2 and smaller.  

2.4 BRONZE GATE VALVES  

A. Class 125, RS Bronze Gate Valves:  
1. Manufacturers: Subject to compliance with requirements, available manufactur-

ers offering products that may be incorporated into the Work include, but are not 
limited to, the following:  
a. American Valve, Inc. 
b. Crane Co.; Crane Valve Group; Crane Valves. 
c. Hammond Valve. 
d. Milwaukee Valve Company. 
e. NIBCO INC. 
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description:  
a. Standard: MSS SP-80, Type1.  
b. CWP Rating: 200 psig.  
c. Body Material: ASTM B 62, bronze with integral seat and screw-in bonnet.  
d. Ends: Threaded or solder joint.  
e. Stem: Bronze  
f. Disc: Solid wedge; bronze/  
g. Packing: Asbestos free.  
h. Handwheel: Malleable iron, bronze, or aluminum  
i. Size: 2-1/2 and smaller.  

2.5 BRONZE GLOBE VALVES  

A. Class 125, Bronze Globe Valves with Bronze Disc:  
1. Manufacturers: Subject to compliance with requirements, available manufactur-

ers offering products that may be incorporated into the Work include, but are not 
limited to, the following:  
a. Crane Co.; Crane Valve Group; Crane Valves. 
b. Hammond Valve. 
c. Milwaukee Valve Company. 
d. NIBCO INC. 
e. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description:  
a. Standard: MSS SP-80, Type1.  
b. CWP Rating: 200 psig (1380 kPa)  
c. Body Material: ASTM B 62, bronze with integral seat and screw-in bonnet.  
d. Ends: Threaded or solder joint.  
e. Stem and Disc: Bronze.  
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f. Packing: Asbestos free.  
g. Handwheel: Malleable iron.  
h. Size: 2-1/2” and smaller. 

2.6 IRON, SINGLE-FLANGE BUTTERFLY VALVES 

A. 200 CWP, Iron, Single-Flange Butterfly Valves with EPDM Seat and Aluminum-
Bronze Disc: 
1. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, 
the following: 
a. ABZ Valve and Controls; a division of ABZ Manufacturing, Inc. 
b. Crane Co.; Crane Valve Group; Jenkins Valves. 
c. Hammond Valve. 
d. Milwaukee Valve Company. 
e. NIBCO INC. 
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 
a. Standard:  MSS SP-67, Type I. 
b. CWP Rating:  200 psig. 
c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated 

pressure without use of downstream flange. 
d. Body Material:  ASTM A 126, cast iron or ASTM A 536, ductile iron. 
e. Seat:  EPDM. 
f. Stem:  One- or two-piece stainless steel. 
g. Disc:  Aluminum bronze. 

2.2  IRON, GROOVED-END BUTTERFLY VALVES 

A. 175 CWP, Iron, Grooved-End Butterfly Valves: 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Kennedy Valve; a division of McWane, Inc. 
b. Shurjoint Piping Products. 
c. Tyco Fire Products LP; Grinnell Mechanical Products. 
d. Victaulic Company. 

2. Description: 
a. Standard:  MSS SP-67, Type I. 
b. CWP Rating:  175 psig. 
c. Body Material:  Coated, ductile iron. 
d. Stem:  Two-piece stainless steel. 
e. Disc:  Coated, ductile iron. 
f. Seal:  EPDM. 

PART 3 - EXECUTION 

3.1 VALVE INSTALLATION  

A. Install valves with unions or flanges at each piece of equipment arranged to allow 
service, maintenance, and equipment removal without system shutdown.  

http://www.specagent.com/LookUp/?ulid=1731&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821191&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821196&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456808190&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456808193&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456808194&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821203&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=1739&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821355&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456808242&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821357&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456808243&mf=04&src=wd
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B. Locate valves for easy access and provide separate support where necessary.  

C. Install valves in horizontal piping with stem at or above center of pipe.  

D. Install valves in position to allow full stem movement.  

3.2 ADJUSTING  

A. Adjust or replace valve packing after piping systems have been tested and put into 
service but before final adjusting and balancing. Replace valves if persistent leaking 
occurs.  

3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS  

A. If valve applications are not indicated, use the following:  
1. Shutoff Service: Ball or gate valves. All interior plumbing valves 2” or less shall 

be threaded ball with male adapters. All valves greater than 2” shall be flanged 
ball valves. Gate valves are permitted for main domestic water lines and large 
volume underground lines.  

2. Throttling Service: Globe valves.  
3. Pump-Discharge Check Valves:  

a. NPS 2-1/2” and smaller: Bronze swing check valves with bronze disc.  

B. If valves with specified SWP classes or CWP ratings are not available, the same 
types of valves with higher SWP class or CWP ratings may be substituted.  

C. Select valves, except water types, with the following end connections:  
1. For Copper Tubing, NPS 2-1/2” and smaller: Threaded ends except where sol-

der-joint valve-end option is indicated in valve schedules below.  

END OF SECTION  
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SECTION 22 05 33 

HEAT TRACING FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes plumbing piping heat tracing for freeze prevention, with the 
following electric heating cables: 

1. Self-regulating, parallel resistance. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, and furnished specialties 
and accessories. 

2. Schedule heating capacity, length of cable, spacing, and electrical power 
requirement for each electric heating cable required. 

B. Shop Drawings: For electric heating cable. 

1. Include plans, elevations, sections, and attachment details. 

2. Include diagrams for power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Sample Warranty: For special warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For electric heating cables to include in 
operation and maintenance manuals. 

1.6 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace electric heating 
cable that fails in materials or workmanship within specified warranty period. 

1. Warranty Period: Three years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 SELF-REGULATING, PARALLEL-RESISTANCE HEATING CABLES 

A. Available Manufacturers: Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

1. Chromalox, Inc.; Wiegard Industrial Division; Emmerson Electric Company. 

2. Pyrotenax; a division of Tyco Thermal Controls. 

3. Raychem; a division of Tyco Thermal Controls. 

4. Thermon Manufacturing Co. 

B. Heating Element: Pair of parallel No. 16 or 18 AWG, tinned or nickel- coated 
stranded copper bus wires embedded in crosslinked conductive polymer core, 
which varies heat output in response to temperature along its length. Terminate 
with waterproof, factory-assembled non- heating leads with connectors at one 
end, and seal the opposite end watertight. Cable shall be capable of crossing 
over itself once without overheating. 

C. Electrical Insulating Jacket: Flame-retardant polyolefin. 

D. Cable Cover: Tinned-copper braid. 

E. Maximum Operating Temperature (Power On): 150 deg F. 

F. Maximum Exposure Temperature (Power Off): 185 deg F. 

G. Maximum Operating Temperature 300 deg F. 

H. Capacities and Characteristics: 

1. Maximum Heat Output: 8 W/ft. 

2. Number of Parallel Cables: (Two). 

2.2 ACCESSORIES 

A. Cable Installation Accessories: fiberglass tape, heat-conductive putty, cable 
ties, silicone end seals and splice kits, and installation clips all furnished by 
manufacturer, or as recommended in writing by manufacturer. 

B. Warning Tape: Continuously printed “Electrical Tracing”; vinyl, at least 3 mils 
thick, and with pressure-sensitive, permanent, waterproof, self- adhesive back. 

1. Width for Markers on Pipes with OD, Including Insulation, Less Than 6 
Inches: ¾ inch minimum. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine surfaces and substrates to receive electric heating cables for 
compliance with requirements for installation tolerances and other conditions 
affecting performance. 

1. Ensure surfaces and pipes in contact with electric heating cables are free of 
burrs and sharp protrusions. 

B. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 INSTALLATION 

A. Install electric heating cable across expansion, construction, and control joints 
according to manufacturer's written instructions; use cable-protection conduit 
and slack cable to allow movement without damage to cable. 

B. Electric Heating-Cable Installation for Freeze Protection for Piping: 

1. Install electric heating cables after piping has been tested and before 
insulation is installed. 

2. Install electric heating cables according to IEEE 515.1. 

3. Install insulation over piping with electric cables according to Section 40 42 
00 "Pipe Duct and Equipment Insulation." 

4. Install warning tape on piping insulation where piping is equipped with 
electric heating cables. 

3.3 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding." 

B. Connect wiring according to Section 260519 "Wire and Cable: 600 Volt and 
Below." 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and 
inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service 
representative to test and inspect components, assemblies, and equipment 
installations, including connections. 

C. Perform the following tests and inspections : 

1. Perform tests after cable installation but before application of coverings 
such as insulation, wall or ceiling construction, or concrete. 

2. Test cables for electrical continuity and insulation integrity before 
energizing. 



 WHCRWA 

HEAT TRACING FOR PLUMBING PIPING CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
HEAT TRACING FOR PLUMBING PIPING 

22 05 33 - 4 of 4 

3. Test cables to verify rating and power input. Energize and measure 
voltage and current simultaneously. 

D. Repeat tests for continuity, insulation resistance, and input power after applying 
thermal insulation on pipe-mounted cables. 

E. Cables will be considered defective if they do not pass tests and inspections. 

F. Prepare test and inspection reports. 

3.5 PROTECTION 

A. Protect installed heating cables, including non-heating leads, from damage 
during construction. 

B. Remove and replace damaged heat-tracing cables. 

END OF SECTION 
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SECTION 22 05 53 

IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 

2. Warning signs and labels. 

3. Pipe labels. 

4. Stencils. 

5. Valve tags. 

6. Warning tags. 

1.3 SUBMITTALS 

A. Product Data: For each type of product indicated. 

B. Samples: For color, letter style, and graphic representation required for each 
identification material and device. 

C. Equipment Label Schedule: Include a listing of all equipment to be labeled with 
the proposed content for each label. 

D. Valve numbering scheme. 

E. Valve Schedules: For each piping system to include in maintenance manuals. 

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and 
painting of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels 
and doors. 

C. Install identifying devices before installing acoustical ceilings and similar 
concealment. 
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PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Metal Labels for Equipment: 

1. Material and Thickness: Brass, 0.032-inch (0.8-mm) Stainless steel, 0.025-
inch (0.64-mm) Aluminum, 0.032-inch (0.8-mm) minimum thickness, and 
having predrilled or stamped holes for attachment hardware. 

2. Minimum Label Size: Length and width vary for required label content, but 
not less than 2-1/2 by 3/4 inch (64 by 19 mm). 

3. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance 
is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up 
to 72 inches (1830 mm), and proportionately larger lettering for greater 
viewing distances. Include secondary lettering two-thirds to three-fourths 
the size of principal lettering. 

4. Fasteners: Stainless-steel rivets or self-tapping screws. 

5. Adhesive: Contact-type permanent adhesive, compatible with label and with 
substrate. 

B. Plastic Labels for Equipment: 

1. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical 
engraving, 1/16 inch (1.6 mm) thick, and having predrilled holes for 
attachment hardware. 

2. Letter Color: Black. 

3. Background Color: White. 

4. Maximum Temperature: Able to withstand temperatures up to 160 deg F 
(71 deg C). 

5. Minimum Label Size: Length and width vary for required label content, but 
not less than 2-1/2 by 3/4 inch (64 by 19 mm). 

6. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance 
is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up 
to 72 inches (1830 mm), and proportionately larger lettering for greater 
viewing distances. Include secondary lettering two-thirds to three-fourths 
the size of principal lettering. 

7. Fasteners: Stainless-steel rivets or self-tapping screws. 

8. Adhesive: Contact-type permanent adhesive, compatible with label and with 
substrate. 

C. Label Content: Include equipment's Drawing designation or unique equipment 
number, Drawing numbers where equipment is indicated (plans, details, and 
schedules), plus the Specification Section number and title where equipment is 
specified. 
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D. Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-
by-11-inch (A4) bond paper. Tabulate equipment identification number and 
identify Drawing numbers where equipment is indicated (plans, details, and 
schedules), plus the Specification Section number and title where equipment is 
specified. Equipment schedule shall be included in operation and maintenance 
data. 

2.2 WARNING SIGNS AND LABELS 

A. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical 
engraving, 1/16 inch (1.6 mm) thick, and having predrilled holes for attachment 
hardware. 

B. Letter Color: Black. 

C. Background Color: Yellow. 

D. Maximum Temperature: Able to withstand temperatures up to 160 deg F (71 
deg C). 

E. Minimum Label Size: Length and width vary for required label content, but not 
less than 2-1/2 by 3/4 inch (64 by 19 mm). 

F. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is 
less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 
inches (1830 mm), and proportionately larger lettering for greater viewing 
distances. Include secondary lettering two- thirds to three-fourths the size of 
principal lettering. 

G. Fasteners: Stainless-steel rivets or self-tapping screws. 

H. Adhesive: Contact-type permanent adhesive, compatible with label and with 
substrate. 

I. Label Content: Include caution and warning information, plus emergency 
notification instructions. 

2.3 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, 
with lettering indicating service, and showing flow direction. 

B. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full 
circumference of pipe and to attach to pipe without fasteners or adhesive. 

C. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-
adhesive backing. 

D. Pipe Label Contents: Include identification of piping service using same 
designations or abbreviations as used on Drawings, pipe size, and an arrow 
indicating flow direction. 

E. Flow-Direction Arrows: Integral with piping system service lettering to 
accommodate both directions, or as separate unit on each pipe label to indicate 
flow direction. 
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F. Lettering Size: At least 1-1/2 inches (38 mm) high. 

2.4 STENCILS 

A. Stencils: Prepared with letter sizes according to ASME A13.1 for piping; and 
minimum letter height of 3/4 inch (19 mm) for access panel and door labels, 
equipment labels, and similar operational instructions. 

1. Stencil Material: Fiberboard or metal. 

2. Stencil Paint: Exterior, gloss, acrylic enamel black unless otherwise 
indicated. Paint may be in pressurized spray-can form. 

3. Identification Paint: Exterior, acrylic enamel in colors according to ASME 
A13.1 unless otherwise indicated. 

2.5 VALVE TAGS 

A. Valve Tags: Stamped or engraved with 1/4-inch (6.4-mm) letters for piping 
system abbreviation and 1/2-inch (13-mm) numbers. 

1. Tag Material: Brass, 0.032-inch (0.8-mm) Stainless steel, 0.025- inch (0.64-
mm) Aluminum, 0.032-inch (0.8-mm) minimum thickness, and having 
predrilled or stamped holes for attachment hardware. 

2. Fasteners: Brass wire-link or beaded chain; or S-hook. 

B. Valve Schedules: For each piping system, on 8-1/2-by-11-inch (A4) bond paper. 
Tabulate valve number, piping system, system abbreviation (as shown on valve 
tag), location of valve (room or space), normal-operating position (open, closed, 
or modulating), and variations for identification. Mark valves for emergency 
shutoff and similar special uses. 

1. Valve-tag schedule shall be included in operation and maintenance data. 

2.6 WARNING TAGS 

A. Warning Tags: Preprinted or partially preprinted, accident-prevention tags, of 
plasticized card stock with matte finish suitable for writing. 

1. Size: Approximately 4 by 7 inches (100 by 178 mm). 

2. Fasteners: Brass grommet and wire. 

3. Nomenclature: Large-size primary caption such as "DANGER," "CAUTION," 
or "DO NOT OPERATE." 

4. Color: Yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of 
identification devices, including dirt, oil, grease, release agents, and 
incompatible primers, paints, and encapsulants. 
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3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical 
equipment. 

B. Locate equipment labels where accessible and visible. 

3.3 PIPE LABEL INSTALLATION 

A. Piping Color-Coding: Painting of piping is specified in Division 09 Section 
099100 "Painting and Protective Coatings" and Section 099110 "Architectural 
Painting." 

B. Stenciled Pipe Label Option: Stenciled labels may be provided instead of 
manufactured pipe labels, at Installer's option. Install stenciled pipe labels, 
complying with ASME A13.1, on each piping system. 

1. Identification Paint: Use for contrasting background. 

2. Stencil Paint: Use for pipe marking. 

C. Locate pipe labels where piping is exposed or above accessible ceilings in 
finished spaces; machine rooms; accessible maintenance spaces such as 
shafts, tunnels, and plenums; and exterior exposed locations as follows: 

1. Near each valve and control device. 

2. Near each branch connection, excluding short takeoffs for fixtures and 
terminal units. Where flow pattern is not obvious, mark each pipe at branch. 

3. Near penetrations through walls, floors, ceilings, and inaccessible 
enclosures. 

4. At access doors, manholes, and similar access points that permit view of 
concealed piping. 

5. Near major equipment items and other points of origination and termination. 

6. Spaced at maximum intervals of 50 feet (15 m) along each run. Reduce 
intervals to 25 feet (7.6 m) in areas of congested piping and equipment. 

7. On piping above removable acoustical ceilings. Omit intermediately spaced 
labels. 

 
END OF SECTION 
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SECTION 22 11 19 

DOMESTIC WATER PIPING SPECIALTIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following domestic water piping specialties: 

1. Vacuum breakers. 

2. Backflow preventers. 

3. Drain valves. 

4. Trap-seal primer valves. 

1.2 PERFORMANCE REQUIREMENTS. 

A. Minimum Working Pressure for Domestic Water Piping Specialties: 125 psig, 
unless otherwise indicated. 

1.3 SUBMITTALS 

A. Product Data: For each type of product indicated. 

B. Field quality-control test reports. 

C. Operation and maintenance data. 

1.4 QUALITY ASSURANCE 

A. NSF Compliance: 

1. Comply with NSF 14, “Plastics Piping Components and Related Materials,” 
for plastic domestic water piping components. 

2. Comply with NSF 61, “Drinking Water System Components – Health 
Effects; Sections 1 through 9.” 

PART 2 - PRODUCTS 

2.1 VACUUM BREAKERS 

A. Pipe-Applied, Atmospheric-Type Vacuum Breakers: 

1. Available Manufacturers: Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Conbraco Industries, Inc. 

b. FEBCO: SPX Valves & Controls. 

c. Watts Industries, Inc.: Water Products Div. 

d. Zurn Plumbing Products Group; Wilkins Div. 
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2. Standard: ASSE 1001. 

3. Size: NPS ¼ to NPS 3, as required to match connected piping. 

4. Body: Bronze. 

5. Inlet and Outlet Connections: Threaded 

6. Finish: Chrome plated. 

B. Hose-Connection Vacuum Breakers: 

1. Available Manufacturers: Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Conbraco Industries, Inc. 

b. MIFAB, Inc. 

c. Watts Industries, Inc.: Water Products Div. 

d. Woodford Manufacturing Company. 

e. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1001. 

3. Body: Bronze, nonremovable, with manual drain. 

4. Outlet Connection: Garden-hose threaded complying with ASME B 1.20.7. 

5. Finish: Chrome or nickel plated. 

2.2 BACKFLOW PREVENTERS 

A. Immediate Atmospheric-Vent Backflow Preventers: 

1. Available Manufacturers: Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Conbraco Industries, Inc. 

b. FEBCO; SPX Valves & Controls. 

c. Watts Industries, Inc.; Water Products Div. 

d. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1012. 

3. Operation: Continuous-pressure applications. 

4. Body: Bronze. 

5. End Connections: Union, solderjoint. 

6. Finish: Rough bronze. 

B. Reduced-Pressure-Principle Backflow Preventers. 
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1. Available Manufacturers: Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

a. Conbraco Industries, Inc. 

b. FEBCO: SPX Valves & Controls. 

c. Watts Industries, Inc.: Water Products Div. 

d. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1013. 

3. Operation: Continuous-pressure applications. 

4. Body: Bronze for NPS 2 and smaller, cast iron with interior lining complying 
with AWWA C550 or that is FDA approved for NPS 2-1/2 and larger. 

5. End connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 
and larger. 

6. Accessories: 

a. Valves: Ball type with threaded ends on inlet and outlet of NPS 2 and 
smaller; outside screw and yoke gate-type with flanged ends on inlet 
and outlet of NPS 2-1/2 and larger. 

b. Air-Gap Fitting: ASME A112.1.2, matching backflow- preventer 
connection. 

2.3 DRAIN VALVES 

A. Ball-Valve-Type, Hose-End Drain Valves: 

1. Standard: MSS SP-110 for standard-port, two-piece ball valves. 

2. Pressure Rating: 400-psig minimum CWP. 

3. Size: NPS ¾. 

4. Body: Copper alloy. 

5. Ball: Chrome-plated brass. 

6. Seats and Seals: Replaceable. 

7. Handle: Vinyl-covered steel. 

8. Inlet: Threaded or solder joint. 

9. Outlet: Threaded, short nipple with garden-hose thread complying with 
ASME B1.20.7 and cap with brass chain. 

2.4 TRAP-SEAL PRIMER VALVES 

A. Supply-Type, Trap-Seal Primer Valves: 

1. Available Manufacturers: Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 
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a. MIFAB, Inc. 

b. PPP Inc. 

c. Sioux Chief Manufacturing Company, Inc. 

d. Smith, Jay R.Mfg. Co.: Division of Smith Industries, Inc. 

e. Watts Industries, Inc.: Water Products Div. 

2. Standard: ASSE 1018. 

3. Pressure Rating: 125 psig minimum. 

4. Body: Bronze. 

5. Inlet and Outlet Connections: NPS ½ threaded, union, or solder joint. 

6. Gravity Drain Outlet Connection: NPS ½ threaded or solder joint. 

7. Finish: Chrome plated, or rough bronze for units used with pipe or tube that 
is not chrome finished. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install backflow preventers in each water supply to mechanical equipment and 
other equipment and water systems that may be sources of contamination. 
Comply with authorities having jurisdiction. 

1. Locate backflow preventers in same room as connected equipment or 
system. 

2. Install drain for backflow preventers with atmospheric-vent drain connection 
with air-gap fitting, fixed air-gap fitting, or equivalent positive pipe 
separation of at least two pipe diameters in drain piping and pipe to floor 
drain. Locate air- gap device attached to or under backflow preventer. 
Simple air breaks are not acceptable for this application. 

3. Do not install bypass piping around backflow preventers. 

B. Install supply-type, trap-seal primer valves with outlet piping pitched down 
toward drain trap a minimum of 1 percent, and connect to floor-drain body, trap, 
or inlet fitting. Adjust valve for proper flow. 

C. Piping installation requirements are specified in other Division 22 Sections. 
Drawings indicate general arrangement of piping and specialties. 

D. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment 
nameplate or sign on or near each of the following: 

1. Intermediate atmospheric-vent backflow preventers. 

2. Reduced-pressure-principle backflow preventers. 

3. Double-check backflow-prevention assemblies. 

4. Water pressure-reducing valves. 
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5. Primary, thermostatic, water mixing valves. 

6. Supply-type, trap-seal primer valves. 

E. Distinguish among multiple units, inform operator of operational requirements, 
indicate safety and emergency precautions, and warn of hazards and improper 
operations, in addition to identifying unit. Nameplates and signs are specified in 
Division 22 Section “Identification for Plumbing Piping and Equipment”. 

3.2 FIELD QUALITY CONTROL 

A. Perform the following tests and prepare test reports: 

1. Test each pressure vacuum breaker according to authorities having d the 
devices referenced standard. 

B. Remove and replace malfunctioning domestic water piping specialties and 
retest as specified above. 

3.3 ADJUSTING 

A. Set field-adjustable pressure set points of water pressure-reducing valves. 

B. Set field-adjustable flow of balancing valves. 

C. Set field-adjustable temperature set points of temperature-actuated water 
mixing valves. 

 

END OF SECTION 
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SECTION 22 13 19 

SANITARY WASTE PIPING SPECIALTIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the following sanitary drainage piping specialties: 

1. Miscellaneous sanitary drainage piping specialties. 

2. Flashing materials. 

1.2 SUBMITTALS 

A. Product Data: For each type of product indicated. Include rated capacities, 
operating characteristics, and accessories for grease interceptors. 

1.3 QUALITY ASSURANCE 

A. Drainage piping specialties shall bear label, stamp, or other markings of 
specified testing agency. 

PART 2 - PRODUCTS 

2.1 MISCELLANEOUS SANITARY DRAINAGE PIPING SPECIALTIES - ONLY JR 
SMITH, JOSAM, WADE, ZURN AND MIFAB ARE APPROVED 
MANUFACTURERS FOR THIS SECTION. 

A. Floor-Drain, Trap-Seal Primer Fittings: 

1. Description: Cast iron, with threaded inlet and threaded or spigot outlet, and 
trap-seal primer valve connection. 2.  

2. Size: Same as floor drain outlet with NPS 1/2 side inlet. 

B. Air-Gap Fittings: 

1. Standard: ASME A112.1.2, for fitting designed to ensure fixed, positive air 
gap between installed inlet and outlet piping. 

2. Body: Bronze or cast iron. 

3. Inlet: Opening in top of body. 

4. Outlet: Larger than inlet. 

5. Size: Same as connected waste piping and with inlet large enough for 
associated indirect waste piping. 

C. Sleeve Flashing Device: 
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1. Description: Manufactured, cast-iron fitting, with clamping device, that forms 
sleeve for pipe floor penetrations of floor membrane. Include galvanized-
steel pipe extension in top of fitting that will extend 2 inches above finished 
floor and galvanized-steel pipe extension in bottom of fitting that will extend 
through floor slab. 

2. Size: As required for close fit to riser or stack piping. 

D. Stack Flashing Fittings: 

1. Description: Counterflashing-type, cast-iron fitting, with bottom recess for 
terminating roof membrane, and with threaded or hub top for extending vent 
pipe. 

2. Size: Same as connected stack vent or vent stack. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install backwater valves in building drain piping. For interior installation, provide 
cleanout deck plate flush with floor and centered over backwater valve cover, 
and of adequate size to remove valve cover for servicing. 

B. Install cleanouts in aboveground piping and building drain piping according to 
the following, unless otherwise indicated: 

1. Size same as drainage piping up to NPS4. Use NPS 4 for larger drainage 
piping unless larger cleanout is indicated. 

2. Locate at each change in direction of piping greater than 45 degrees. 

3. Locate at minimum intervals of 50 feet (15 m) for piping NPS 4 (DN 

4. 100) and smaller and 100 feet (30 m) for larger piping. 

5. Locate at base of each vertical soil and waste stack. 

C. For floor cleanouts for piping below floors, install cleanout deck plates with top 
flush with finished floor. 

D. For cleanouts located in concealed piping, install cleanout wall access covers, 
of types indicated, with frame and cover flush with finished wall. 

E. Install floor drains at low points of surface areas to be drained. Set grates of 
drains flush with finished floor, unless otherwise indicated. 

1. Position floor drains for easy access and maintenance. 

2. Set floor drains below elevation of surrounding finished floor to allow floor 
drainage. Set with grates depressed according to the following drainage 
area radii: 

a. Radius, 30 Inches or Less: Equivalent to 1 percent slope, but not less 
than 1/4-inch total depression. 
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b. Radius, 30 to 60 Inches: Equivalent to 1 percent slope. 

c. Radius, 60 Inches or Larger: Equivalent to 1 percent slope, but not 
greater than 1-inch total depression. 

3. Install floor-drain flashing collar or flange so no leakage occurs between 
drain and adjoining flooring. Maintain integrity of waterproof membranes 
where penetrated. 

4. Install individual traps for floor drains connected to sanitary building drain, 
unless otherwise indicated. 

F. Install roof flashing assemblies on sanitary stack vents and vent stacks that 
extend through roof. 

G. Install flashing fittings on sanitary stack vents and vent stacks that extend 
through roof. 

H. Assemble open drain fittings and install with top of hub 1 inch above floor. 

I. Install deep-seal traps on floor drains and other waste outlets, if indicated. 

J. Install floor-drain, trap-seal primer fittings on inlet to floor drains that require 
trap-seal primer connection. 

1. Exception: Fitting may be omitted if trap has trap-seal primer connection. 

2. Size: Same as floor drain inlet. 

K. Install air-gap fittings on draining-type backflow preventers and on indirect- 
waste piping discharge into sanitary drainage system. 

L. Install sleeve flashing device with each riser and stack passing through floors 
with waterproof membrane. 

M. Install grease interceptors, including trapping, venting, and flow-control fitting, 
according to authorities having jurisdiction and with clear space for servicing. 

1. Above-Floor Installation: Set unit with bottom resting on floor, unless 
otherwise indicated. 

2. Flush with Floor Installation: Set unit and extension, if required, with cover 
flush with finished floor. 

3. Recessed Floor Installation: Set unit in receiver housing having bottom or 
cradle supports, with receiver housing cover flush with finished floor. 

4. Install cleanout immediately downstream from interceptors not having 
integral cleanout on outlet. 

N. Install traps on plumbing specialty drain outlets. Omit traps on indirect wastes 
unless trap is indicated. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 22 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 
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B. Install piping adjacent to equipment to allow service and maintenance. 

C. Grease Interceptors: Connect inlet and outlet to unit, and connect flow- control 

fitting and vent to unit inlet piping. Install valve on outlet of automatic drawoff-

type unit. 

3.3 FLASHING INSTALLATION 

A. Fabricate flashing from single piece unless large pans, sumps, or other 
drainage shapes are required. Join flashing according to the following if 
required: 

1. Lead Sheets: Burn joints of lead sheets 6.0-lb/sq. ft., 0.0938-inch thickness 
or thicker. Solder joints of lead sheets 4.0-lb/sq. ft., 0.0625-inch thickness or 
thinner. 

B. Install sheet flashing on pipes, sleeves, and specialties passing through or 
embedded in floors and roofs with waterproof membrane. 

1. Pipe Flashing: Sleeve type, matching pipe size, with minimum length of 10 
inches, and skirt or flange extending at least 8 inches around pipe. 

2. Sleeve Flashing: Flat sheet, with skirt or flange extending at least 8 inches 
around sleeve. 

3. Embedded Specialty Flashing: Flat sheet, with skirt or flange extending at 
least 8 inches around specialty. 

C. Set flashing on floors and roofs in solid coating of bituminous cement. 

D. Secure flashing into sleeve and specialty clamping ring or device. 

E. Install flashing for piping passing through roofs with counterflashing or 
commercially made flashing fittings, according to Division 07 Section "Flashing 
and Sheet Metal." 

F. Extend flashing up vent pipe passing through roofs and turn down into pipe, or 
secure flashing into cast-iron sleeve having calking recess. 

3.4 LABELING AND IDENTIFYING 

A. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment 
nameplate or sign on or near each grease interceptor. 

B. Distinguish among multiple units, inform operator of operational requirements, 
indicate safety and emergency precautions, and warn of hazards and improper 
operations, in addition to identifying unit. Nameplates and signs are specified in 
Division 22 Section "Identification for Plumbing Piping and Equipment." 

3.5 PROTECTION 

A. Protect drains during remainder of construction period to avoid clogging with dirt 
or debris and to prevent damage from traffic or construction work. 
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B. Place plugs in ends of uncompleted piping at end of each day or when work 
stops. 

 

END OF SECTION 
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SECTION 22 33 00 

ELECTRIC, DOMESTIC-WATER HEATERS 

PART 1 - PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Commercial, electric, storage, domestic-water heaters. 

2. Domestic-water heater accessories. 

1.3 SUBMITTALS 

A. Product  Data:  For  each  type  and  size  of  domestic-water   heater   
indicated. Include rated capacities, operating characteristics, electrical 
characteristics, and furnished specialties and accessories. 

B. Shop Drawings: 

1. Wiring Diagrams: For power, signal, and control wiring. 

C. Product  Certificates: For each type of commercial and tankless, electric, 
domestic-water heater, from manufacturer. 

D. Domestic-Water  Heater  Labeling: Certified and labeled by testing agency 
acceptable to authorities having jurisdiction. 

E. Source quality-control reports. 

F. Field quality-control reports. 

G. Operation  and  Maintenance  Data: For electric, domestic-water heaters to 
include in emergency, operation, and maintenance manuals. 

H. Warranty: Sample of special warranty. 

1.4 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

B. ASHRAE/IESNA 90.1 Compliance: Applicable requirements in 
ASHRAE/IESNA 90.1. 
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C. ASME Compliance: Where ASME-code construction is indicated, fabricate and 
label commercial, domestic-water heater storage tanks to comply with ASME 
Boiler and Pressure Vessel Code: Section VIII, Division 1. 

 

D. NSF Compliance: Fabricate and label equipment components that will be in 
contact with potable water to comply with NSF 61, "Drinking Water System 
Components - Health Effects." 

1.5 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment 
provided. 

1.6 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees 
to repair or replace components of electric, domestic-water heaters that fail in 
materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Structural failures including storage tank and supports. 

b. Faulty operation of controls. 

c. Deterioration of metals, metal finishes, and other materials beyond 
normal use. 

2. Warranty Periods: From date of Substantial Completion. 

a. Commercial, Electric, Storage, Domestic-Water Heaters: 

1) Storage Tank: Five years. 

2) Controls and Other Components: Three years. 

PART 2 - PRODUCTS 

2.1 COMMERCIAL, ELECTRIC, DOMESTIC-WATER HEATERS 

A. Commercial, Electric, Storage, Domestic-Water Heaters: 

1. Manufacturers: Subject to compliance with
 requirements, provide products by one of the following: 

a. Rheem Manufacturing Company. 

b. Smith, A. O. Water Products Co.; a division of A. O. Smith Corporation. 

c. State Industries. 

2. Standard: UL 1453. 

3. Storage-Tank Construction: Non-ASME-code, steel vertical arrangement. 

a. Tappings: Factory fabricated of materials compatible with tank and 
piping connections. Attach tappings to tank before testing. 

1) NPS 2 and Smaller: Threaded ends according to ASME B1.20.1. 
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2) NPS 2-1/2 and Larger: Flanged ends according to ASME B16.5 for 
steel and stainless-steel flanges, and according to ASME B16.24 
for copper and copper-alloy flanges. 

b. Pressure Rating: 150 psig. 

c. Interior Finish: Comply with NSF 61 barrier materials for potable- 
water tank linings, including extending lining material into tappings. 

4. Factory-Installed Storage-Tank Appurtenances: 

a. Anode Rod: Replaceable magnesium. 

b. Drain Valve: Corrosion-resistant metal complying with ASSE 1005. 

c. Insulation: Comply with ASHRAE/IESNA 90.1. 

d. Jacket: Steel with enameled finish. 

e. Heating  Elements: Electric, screw-in or bolt-on immersion type 
arranged in multiples of three. 

f. Temperature Control: Adjustable thermostat. 

g. Safety Controls: High-temperature-limit and low-water cutoff devices or 
systems. 

h. Relief Valves: ASME rated and stamped for combination temperature-
and-pressure relief valves. Include one or more relief valves with total 
relieving capacity at least as great as heat input, and include pressure 
setting less than domestic-water heater working-pressure rating. Select 
one relief valve with sensing element that extends into storage tank. 

5. Special Requirements: NSF 5 construction. 

2.2 DOMESTIC-WATER HEATER ACCESSORIES 

A. Domestic-Water Compression Tanks: 

1. Manufacturers: Subject to compliance with requirements, provide 
products by one of the following: 

a. AMTROL Inc. 

b. Flexcon Industries. 

c. Honeywell International Inc. 

d. Pentair Pump Group (The); Myers. 

e. Smith, A. O. Water Products Co.; a division of A. O. Smith Corporation. 

f. State Industries. 

g. Taco, Inc. 

2. Description: Steel pressure-rated tank constructed with welded joints and 
factory-installed butyl-rubber diaphragm. Include air precharge  to minimum 
system-operating pressure at tank. 

3. Construction: 

a. Tappings: Factory-fabricated steel, welded to tank before testing and 
labeling. Include ASME B1.20.1 pipe thread. 
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b. Interior Finish: Comply with NSF 61 barrier materials for potable- water 
tank linings, including extending finish into and through tank fittings and 
outlets. 

c. Air-Charging Valve: Factory installed. 

4. Capacity and Characteristics: 

a. Working-Pressure Rating: 100 psig. 

b. Capacity Acceptable: 2 gal. minimum. 

B. Drain Pans: Corrosion-resistant metal with raised edge. Comply with  
ANSI/CSA LC 3. Include dimensions not less than base of domestic-water 
heater, and include drain outlet not less than NPS 3/4 with ASME B1.20.1 pipe 
threads or with ASME B1.20.7 garden-hose threads. 

C. Piping-Type  Heat  Traps: Field-fabricated piping arrangement according 
to ASHRAE/IESNA 90.1. 

D. Heat-Trap Fittings: ASHRAE 90.2. 

E. Manifold Kits: Domestic-water heater manufacturer's factory-fabricated  inlet 
and outlet piping for field installation, for multiple domestic-water heater 
installation. Include ball-, butterfly-, or gate-type shutoff valves to isolate each 
domestic-water heater and calibrated memory-stop balancing valves to provide 
balanced flow through each domestic-water heater. 

1. Comply with requirements for ball-, butterfly-, or gate-type shutoff valves 
specified in Division 22 Section "General-Duty Valves for Plumbing Piping." 

2. Comply with requirements for balancing valves specified in Division 22 
Section "Domestic Water Piping Specialties." 

F. Pressure-Reducing Valves: ASSE 1003 for water. Set at 25-psig- maximum 
outlet pressure unless otherwise indicated. 

G. Combination Temperature-and-Pressure Relief Valves: ASME rated and 
stamped. Include relieving capacity at least as great as heat input, and include 
pressure setting less than domestic-water heater working-pressure rating. 
Select relief valves with sensing element that extends into storage tank. 

H. Pressure Relief Valves: ASME rated and stamped. Include pressure setting  
less than domestic-water heater working-pressure rating. 

I. Vacuum Relief Valves: ANSI Z21.22/CSA 4.4. 

J. Shock Absorbers: ASSE 1010 or PDI-WH 201, Size A water hammer arrester. 

K. Domestic-Water Heater Stands: Manufacturer's factory-fabricated steel stand 
for floor mounting, capable of supporting domestic-water heater and water. 
Include dimension that will support bottom of domestic-water heater a minimum 
of 18 inches above the floor. 
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L. Domestic-Water Heater Mounting Brackets: Manufacturer's factory-fabricated 
steel bracket for wall mounting, capable of supporting domestic-water heater 
and water. 

2.3 SOURCE QUALITY CONTROL 

A. Factory Tests: Test and inspect domestic-water heaters specified to be ASME- 
code construction, according to ASME Boiler and Pressure Vessel Code. 

B. Hydrostatically test commercial domestic-water heaters to minimum of one and 
one-half times pressure rating before shipment. 

C. Electric, domestic-water heaters will be considered defective if they do not pass 
tests and inspections. Comply with requirements in Division 01 Section 
"Contractors Quality Control" for retesting and reinspection requirements and 
Division 01 Section "Execution and closeout requirements" for requirements for 
correcting the Work. 

D. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 DOMESTIC-WATER HEATER INSTALLATION 

A. Commercial, Electric, Domestic-Water Heater Mounting: Install commercial, 
electric, domestic-water heaters on concrete base. Comply with requirements 
for concrete bases specified in Division 03 Section. 

1. Exception: Omit concrete bases for commercial, electric, domestic-water 
heaters if installation on stand, bracket, suspended platform, or directly on 
floor is indicated. 

2. Maintain manufacturer's recommended clearances. 

3. Arrange units so controls and devices that require servicing are accessible. 

4. Install dowel rods to connect concrete base to concrete floor. Unless 
otherwise indicated, install dowel rods on 18-inch centers around the full 
perimeter of concrete base. 

5. For supported equipment, install epoxy-coated anchor bolts that extend 
through concrete base and anchor into structural concrete floor. 

6. Place and secure anchorage devices. Use setting drawings, templates, 
diagrams, instructions, and directions furnished with items to be embedded. 

7. Install anchor bolts to elevations required for proper attachment to 
supported equipment. 

8. Anchor domestic-water heaters to substrate. 

B. Install electric, domestic-water heaters level and plumb, according to layout 
drawings, original design, and referenced standards. Maintain manufacturer's 
recommended clearances. Arrange units so controls and devices needing 
service are accessible. 
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1. Install shutoff valves on domestic-water-supply piping to domestic-water 
heaters and on domestic-hot-water outlet piping. Comply with requirements 
for shutoff valves specified in Division 22 Section "General- Duty Valves for 
Plumbing Piping." 

C. Install combination temperature-and-pressure relief valves in top portion of 
storage tanks. Use relief valves with sensing elements that extend into tanks. 
Extend commercial-water-heater relief-valve outlet, with drain piping same as 
domestic-water piping in continuous downward pitch, and discharge by positive 
air gap onto closest floor drain. 

D. Install combination temperature-and-pressure relief valves in water piping for 
electric, domestic-water heaters without storage. Extend commercial-water- 
heater relief-valve outlet, with drain piping same as domestic-water piping in 
continuous downward pitch, and discharge by positive air gap onto closest floor 
drain. 

E. Install water-heater drain piping as indirect waste to spill by positive air gap into 
open drains or over floor drains. Install hose-end drain valves at low points in 
water piping for electric, domestic-water heaters that do not have tank drains. 
Comply with requirements for hose-end drain valves specified in Division 22 
Section "Domestic Water Piping Specialties." 

F. Install thermometers on outlet piping of electric, domestic-water heaters. 
Comply with requirements for thermometers specified in Division 22 Section 
"Meters and Gages for Plumbing Piping." 

G. Assemble and install inlet and outlet piping manifold kits for multiple electric, 
domestic-water heaters. Fabricate, modify, or arrange manifolds for balanced 
water flow through each electric, domestic-water heater. Include shutoff valve 
and thermometer in each domestic-water heater inlet and outlet, and throttling 
valve in each electric, domestic-water heater outlet. Comply with requirements 
for valves specified in Division 22 Section "General-Duty Valves for Plumbing 
Piping," and comply with requirements for thermometers specified in Division 22 
Section "Meters and Gages for Plumbing Piping." 

H. Install piping-type heat traps on inlet and outlet piping of electric, domestic- 
water heater storage tanks without integral or fitting-type heat traps. 

I. Fill electric, domestic-water heaters with water. 

J. Charge domestic-water compression tanks with air. 

3.2 CONNECTIONS 

A. Comply with requirements for piping specified in Division 22 Section "Domestic 
Water Piping." Drawings indicate general arrangement of piping, fittings, and 
specialties. 

B. Where installing piping adjacent to electric, domestic-water heaters, allow  
space for service and maintenance of water heaters. Arrange piping for easy 
removal of domestic-water heaters. 
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3.3 IDENTIFICATION 

A. Identify system components. Comply with requirements for identification 
specified in Division 22 Section "Identification for Plumbing Piping and 
Equipment." 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

1. Manufacturer's Field Service: Engage a factory-authorized service 
representative to inspect components, assemblies, and equipment 
installations, including connections, and to assist in testing. 

2. Leak Test: After installation, charge system and test for leaks. Repair leaks 
and retest until no leaks exist. 

3. Operational Test: After electrical circuitry has been energized, start units to 
confirm proper operation. 

4. Test and adjust controls and safeties. Replace damaged and 
malfunctioning controls and equipment. 

B. Electric, domestic-water heaters will be considered defective if they do not pass 
tests and inspections. Comply with requirements in Division 01 Section 
"Contractors Quality Control" for retesting and reinspection requirements and 
Division 01 Section "Execution" for requirements for correcting the Work. 

C. Prepare test and inspection reports. 

3.5 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain 
commercial and tankless, electric, domestic-water heaters. 

END OF SECTION 
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SECTION 22 42 00 

PLUMBING FIXTURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section Includes the following: 

1. Water closets. 

2. Urinals. 

3. Lavatories. 

4. Sinks. 

5. Service basins. 

6. Water coolers. 

7. Outlet boxes. 

8. Toilet seats. 

9. Flushometers. 

10. Faucets. 

11. Fittings. 

12. Fixture supports. 

13. Handicap lavatories and sinks. 

1.3 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Design this project element, including comprehensive  
engineering analysis by a qualified design professional, to meet or exceed the 
program requirements, performance requirements, code compliance, applicable 
ASTM quality standard, and design criteria as outlined and/or referenced within 
this RFP package. 

1.4 QUALITY ASSURANCE 

A. Source Limitations: Obtain plumbing fixtures, faucets, and other components of 
each category through one source from a single manufacturer. 
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1. Exception: If fixtures, faucets, or other components are not available from a 
single manufacturer, obtain similar products from other manufacturers 
specified for that category. 

B. Electrical Components, Devices and Accessories: Listed and labeled as defined 
in NFPA 70, Article 100, by a testing agency acceptable to authorities having 
jurisdiction, and marked for intended use. 

C. Regulatory Requirements: Comply with requirements in all applicable 
regulations for plumbing fixtures for people with disabilities. 

D. Regulatory Requirements: Comply with requirements in Public Law 102-486, 
“Energy Policy Act”, about water flow and consumption rates for plumbing 
fixtures. 

E. NSF Standard: Comply with NSF 61, “Drinking Water System Components – 
Health Effects”, for fixture materials that will be in contact with potable water. 

F. Select combinations of fixtures and trim, faucets, fittings, and other components 
that are compatible. 

G. Comply with the following applicable standards and other requirements 
specified for plumbing fixtures: 

1. Enameled, Cast-Iron Fixtures: ASME A112.19.1M. 

2. Plastic Laundry Trays: ANSI Z124.6. 

3. Porcelain-Enameled. 

4. Formed-Steel Fixtures: ASME A112.19.4M. 

5. Slip Resistant Bathing Surfaces: ASTM F 462. 

6. Solid-Surface-Material Lavatories and Sinks: ANSI/CPA SS-1. 

7. Vitreous China Fixtures: ASME A112.19.2M. 

8. Water-Closet, Flush Valve, Tank Trim: ASME A112.19.5. 

9. Water-Closet, Flushometer Tank Trim: ASSE 1037. 

H. Comply with the following applicable standards and other requirements 
specified for lavatory and sink faucets: 

1. Backflow Protection Devices for   Faucets   with Side Spray: ASME 
A112.18.3M. 

2. Backflow Protection Devices for Faucets with Hose-Thread Outlet: ASME 
A112.18.3M. 

3. Diverter Valves for Faucets with Hose Spray: ASSE 1025. 

4. Faucets: ASME A112.18.1. 

5. Hose-Connection Vacuum Breakers: ASSE 1011. 

6. Hose-Coupling Threads: ASME B1.20.7. 
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7. Integral, Atmospheric Vacuum Breakers: ASSE 1001. 

8. NSF Potable-Water Materials: NSF 61. 

9. Pipe Threads: ASME B1.20.1. 

10. Sensor-Actuated Faucets and Electrical Devices: UL 1951. 

11. Supply Fittings: ASME A112.18.1. 

12. Brass Waste Fittings: ASME A112.18.2. 

I. Comply with the following applicable standards and other requirements specified 
for bathtub bathtub/shower and shower faucets: 

1. Backflow Protection Devices for Hand-Held Showers: ASME A112.18.3M. 

2. Combination, Pressure-Equalizing and Thermostatic-Control Anti-Scald 
Faucets: ASSE 1016. 

3. Deck Mounted Bath/Shower Transfer Valves: ASME 18.7. 

4. Faucets: ASME A112.18.1. 

5. Hand-Held Showers: ASSE 1014. 

6. High-Temperature-Limit Controls for Thermal-Shock-Preventing Devices: 
ASTM F445. 

7. Hose-Coupling Threads: ASME B1.20.7. 

8. Manual-Control Anti-Scald Faucets: ASTM F 444. 

9. Pipe Threads: ASME B1.20.1. 

10. Pressure-Equalizing-Control Anti-Scald Faucets: ASTM F 444 and ASSE 
1016. 

11. Sensor-Activated Faucets and Electrical Devices: UL 1951. 

12. Thermostatic-Control Anti-Scald Faucets: ASTM F 444 and ASSE 1016. 

J. Comply with the following applicable standards and other requirements specified 
for miscellaneous fittings: 

K. Atmospheric Vacuum Breakers: ASSE 1001. 

L. Brass and Copper Supplies: ASME A112.18.1. 

M. Dishwasher Air-Gap Fittings: ASSE 1021. 

N. Manual-Operation Flushometers: ASSE 1037. 

O. Plastic Tubular Fittings: ASTM F 409. 

P. Brass Waste Fittings: ASME A112.18.2. 

Q. Sensor-Operation Flushometers: ASSE 1037 and UL 1951. 

R. Comply with the following applicable standards and other requirements 
specified for miscellaneous components: 
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1. Disposers: ASSE 1008 and UL 430. 

2. Dishwasher Air-Gap Fittings: ASSE 1021. 

3. Flexible Water Connectors: ASME A112.18.6. 

4. Floor Drains: ASME A112.6.3. 

5. Grab Bars: ASTM F 446. 

6. Hose-Coupling Threads: ASME B1.20.7. 

7. Hot Water Dispensers: ASSE 1023 and UL 499. 

8. Off-Floor Fixture Supports: ASME A112.6.1M. 

9. Pipe Threads: ASME B1.20.1. 

10. Plastic Shower Receptors: ANSI Z124.2. 

11. Plastic Toilet Seats: ANSI Z124.5. 

12. Supply and Drain Protective Shielding Guards: ICC A117.1. 

PART 2 - PRODUCTS 

2.1 WATER CLOSETS 

A. Basis-of-Design Product: Subject to compliance with requirements, provide 
product indicated on Drawings or comparable product by one of the following: 

1. American Standard America. 

2. Crane Plumbing, LLC. 

3. Kohler Co. 

4. TOTO USA, Inc. 

5. Sloan. 

6. Zurn. 

B. Bowl: 
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1. Standards: ASME A112.19.2/CSA B45.1 and ASME A112.19.5. 

2. Material: Vitreous china. 

3. Type: Siphon jet. 

4. Style: Flushometer valve. 

5. Height: Standard. 

6. Rim Contour: Elongated. 

7. Water Consumption: 1.28 gal. per flush. 

8. Spud Size and Location: NPA 1-1/2; top. 

C. Flushometer Valve: See schedule. Sensor type valve to include true mechanical 
override, No Exceptions. 

D. Toilet Seat: See Schedule. 

E. Support: 

1. Standard: ASME A112.6.1M. 

2. Description: Waste-fitting assembly, as required to match drainage piping 
material, and arrangement with faceplates, couplings gaskets, and feet; 
bolts and hardware matching fixture. Include additional extension coupling, 
faceplate, and feet for installation in wide pipe space. 

3. Water-Closet Mounting Height: See schedule and Architectural documents. 

2.2 URINALS 

A. Urinals: Wall hung, back outlet, siphon jet, accessible. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide 
product indicated on Drawings or comparable product by one of the 
following: 

a. American Standard America. 

b. Kohler Co. 

c. Toto. 

d. Sloan. 

e. Zurn. 

f. Crane. 

B. Fixture: 

1. Standards: ASME A112.19.2/CSA B45.1 and ASME112.19.5. 

2. Material: Vitreous china. 

3. Type: Siphon jet with extended shields. 

4. Strainer or Trapway: Manufacturer’s standard strainer with integral trap. 
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5. Water Consumption: .125 gallon per flush. 

6. Spud Size and Location: NPS ¾ top. 

7. Outlet Size and Location: NPS 2; back. 

8. Color: White 

C. Flushometer Valve: See Schedule. 

D. Waste Fitting: 

1. Standard: ASME A112.18.25/CSA B125.2 for coupling. 

2. Size: NPS 2. 

E. Support: ASME A112.6.1M, Type I, urinal carrier with fixture support plates and 
coupling with seal and fixture bolts and hardware matching fixture. Include 
rectangular, steel uprights. 

2.3 LAVATORIES 

A. Lavatories, General: Lavatories in Public Areas: Wall mounted or countertop as 
scheduled on the drawings. Faucets as scheduled on the drawings. Popup drains 
are not permitted. Maximum flow rate to be 0.5 gpm for non-metering and 0.25 
gallon per cycle for metering type. 

B. Lavatory: Oval or Round as per the schedule. Lavatories to be self-rimming, 
citreous china, counter mounted: 

1. Basis-of-Design Product: Subject to compliance with requirements, provide 
product indicated on Drawings or comparable product by one of the 
following: 

a. American Standard America 

b. Crane Plumbing, LLC. 

c. Kohler Co. 

d. Mansfield Plumbing Products, LLC. 

e. Peerless Pottery Sales, Inc. 

f. Watts Water Technologies, Inc. 

g. TOTO USA, Inc. 

h. Industries, LLC; Commercial and Brass Fixtures. 

C. Fixture: 

1. Standard: ASME A112.19.2/CSA B45.1. 

2. Type: Self-rimming for above-counter mounting. 

3. Faucet-Hole Location: Top. 

4. Color: White. 

5. Mounting Material: Sealant. 

D. Faucet: See Schedule. 
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E. Lavatory: Oval, vitreous china, under-counter mounted. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide 
product indicated on Drawings or comparable product by one of the 
following: 

a. American Standard America 

b. Crane Plumbing, LLC. 

c. Kohler Co. 

d. Mansfield Plumbing Products, LLC. 

e. Peerless Pottery Sales, Inc. 

f. TOTO USA, Inc. 

g. Zurn Industries, LLC; Commercial Brass and Fixtures. 

F. Fixture: 

1. Standard: ASME A112.19.2/CSA B45.1. 

2. Type: For under-counter mounting. 

3. Faucet-Hole Location: On countertop. 

4. Color: White. 

5. Mounting Material: Sealant and under-counter mounting kit. 

G. Faucet: See Schedule. 

2.4 VITREOUS CHINA, WALL-MOUNTED LAVATORIES 

A. Lavatory: Vitreous china, wall mounted, with back. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide 
product indicated on Drawings or comparable product by one of the 
following: 

a. American Standard America 

b. Crane Plumbing, LLC. 

c. Ferguson Enterprises, Inc.; ProFlo Brand. 

d. Kohler Co. 

e. Mansfield Plumbing Products, LLC. 

f. Peerless Pottery Sales, Inc. 

g. Zurn Industries, LLC; Commercial Brass and Fixtures. 

B. Fixture: 

1. Standard: ASME A112.19.2/CSA B45.1. 

2. Type: For wall hanging. 

3. Color: White. 

4. Mounting Material: Chair carrier. 
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C. Faucet: 

1. Support: ASME A112.6.1M, Type II concealed-arm lavatory carrier Type II, 
concealed-arm lavatory carrier with escutcheons. Include rectangular, steel 
uprights. 

2.5 SINKS 

A. Stainless Steel 

1. Basis-of-Design Product: Subject to compliance with requirements, provide 
product indicated on Drawings or comparable product by one of the 
following: 

a. Elkay Manufacturing Co. 

b. Acorn. 

c. Just Manufacturing. 

B. Fixture: 

1. Standard: ASME A112.198.3/CSA B45.4. 

2. Number of Compartments: See Schedule 

3. Overall Dimensions: See Schedule. 

C. Faucet(s): See Schedule. 

D. Supply Fittings: 

1. Standard:  ASME A112.18.1/CSA B125.1. 

2. Supplies: Chrome-plated brass compression stop with inlet connection 
matching water-supply piping type and size. 

a. Operation: Loose key or Wheel handle. 

b. Risers: NPS ½ (DN 15), chrome-plated, rigid-copper pipe, ASME 
A112.18.6. 

E. Waste Fittings: 

1. Standard: ASME A112.18.2/CSA B125.2. 

2. Trap(s): 

a. Size: NPS 1-1/2. 

b. Material: Chrome-plated, two-piece, cast-brass trap and swivel elbow with 
0.032-inch- (0.83-mm) thick brass tube to wall and chrome-plated brass 
or steel wall flange. 

2.6 SERVICE SINK – BASIN TYPE 

A. Service Basins: Molded stone, Terrazo, FRP or cast polymer, floor mounted. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide 
product indicated on Drawings or comparable product by one of the 
following: 
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a. Fiat Products. 

b. American Standard – White Stone. 

c. Mustee. 

d. Florestone 

B. Fixture: 

1. Standard: IAPMO/ANSI Z124.6. 

2. Material: Molded Stone 

3. Nominal  Size: 24 by 24 by 10 inches (Indicate front dimension on 
rectangular basins if rim guard is to be only on one side). 

4. Rim Guard: On front surface. 

5. Color: Not applicable. 

6. Drain: Grid with NPS 3 outlet. 

C. Mounting: On floor and flush to wall. 

D. Faucet: Heavy duty chrome plated brass dual handle with top reinforcing 
bar and pail hook on spout. 

2.7 WATER COOLERS – PRESSURE – ELECTRIC WATER COOLERS 

A. Pressure Water Coolers: Wall mounted dual level with one standard and one 
wheelchair accessible. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide 
product indicated on Drawings or comparable product by one of the 
following: 

a. Elkay Manufacturing Co. 

b. Halsey Taylor. 

c. Haws Corporation. 

d. Tri Palm International, LLC; Oasis Brand. 

e. Tri Palm International, LLC; Sunroc Brand 

B. Cabinet: See Schedule. 

C. Bubbler: One, with adjustable stream regulator, located on each cabinet deck. 

D. Control: Push bar. 

E. Drain: Grid with NPS 1-1/4 tailpiece. 

F. Supply: NPS 3/8 with shutoff valve. 

G. Waste Fitting: ASME A112.18.2/CSA B125.2, NPS 1-1/4 brass P-trap. 

H. Filter: One or more water filters complying with NSF 42 and NSF 53 for cyst and 
lead reduction to below EPA standards; with capacity sized for unit peak flow 
rate. 
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I. Cooling System: Electric, with hermetically sealed compressor, cooling coil, air- 
cooled condensing unit, corrosion-resistant tubing, refrigerant, corrosion- 
resistant-metal storage tank, and adjustable thermostat. 

1. Electrical Components, Devices and Accessories: Listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

J. Support: ASME A112.6.1M, Type I water-cooler carrier. 

2.8 OUTLET BOXES 

A. Material, hose bibb shutoff, hose and connection recessed wall mounting, drain 
box, fittings for laundry rooms or otherwise suitable for service required. 

2.9 TOILET SEATS 

A. Compatible with water closet with sustaining check hinge. 

2.10 FLUSHOMETERS 

A. Water closet type for use in public restroom areas only. Equip with flush valve 
as scheduled on the Drawings. Flushometers shall have true mechanical 
override (no exception) and be manufactured by Sloan or pre-approved equal. 

2.11 FAUCETS 

A. Commercial Faucets: Cast brass faucets. Faucets shall be Chicago Faucet, 
T&S Brass, Delta, Moen or equal. 

2.12 FITTINGS 

A. Supplies, stops, traps, continuous waste and escutcheons. 

2.13 FIXTURE SUPPORTS 

A. ASME A112.6M, categories and types as required for fixtures required, 
including wall reinforcement. 

2.14 HANDICAP LAVATORIES AND SINKS 

A. Shall include insulated supplies, stops and drains. Provide offset drains and 
shallow sinks as required to comply with all applicable code requirements. 

 

PART 3 - EXECUTION 

3.1 FIELD QUALITY CONTROL 

A. Testing and Inspecting: Owner to engage a qualified testing and inspecting 
agency to perform field tests and inspections and prepare test reports in 
compliance with CO-7 DB Section 16. 
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3.2 COORDINATION 

A. Coordinate electrical power requirements for sensor faucets and flush valves 
with the electrical contractor. Include single power supply or power supply for 
multiple fixtures as required. Electrical outlet boxes to be located in accessible 
locations for service but not visible. Low voltage wiring may be routed in chase 
spaces. Coordinate outlet boxes and conduit in masonry walls. 

3.3 INSTALLATION 

A. Water Closet Installation: 

1. Install level and plumb according to roughing-in drawings. 

2. Install floor-mounted water closets on bowl-to-drain connecting fitting 
attachments to piping or building substrate. 

3. Install accessible, wall-mounted water closets at mounting height for 
handicapped/elderly according to ICC/ANSI A117.1. 

B. Support Installation: 

1. Install supports, affixed to building substrate, for floor-mounted, back-outlet 
water closets. 

2. Use carrier supports with waste-fitting assembly and seal. 

3. Install floor-mounted, back-outlet water closets attached to building floor 
substrate, onto waste-fitting seals; and attach to support. 

4. Install wall-mounted, back-outlet water-closet supports with waste-fitting 
assembly and waste-fitting seals; and affix to building substrate. 

C. Flushometer-Valve Installation: 

1. Install flushometer-valve, water-supply fitting on each supply to each water 
closet. 

2. Attach supply piping to supports or substrate within pipe spaces behind 
fixtures. 

3. Install lever-handle flushometer valves for accessible water closets with 
handle mounted on open sides of water closet. 

4. Install actuators in locations that are easy for people with disabilities to 
reach. 

5. Install fresh batteries in battery-powered, electronic-sensor mechanisms. 

D. Install toilet seats on water closets. 

E. Wall Flange and Escutcheon Installation: 

1. Install wall flanges or escutcheons at piping wall penetrations in exposed, 
finished locations and within cabinets and millwork. 

2. Install deep-pattern escutcheons if required to conceal protruding fittings. 
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3. Comply with escutcheon requirements specified in Section 220518 
“Escutcheons for Plumbing Piping”. 

F. Joint Sealing: 

1. Seal joints between water closets and walls and floors using sanitary-type, 
one-part mildew-resistant silicone sealant. 

2. Match sealant color to water-closet color. 

3. Comply with sealant requirements specified in Section 079200 “Joint 
Sealants”. 

3.4 CONNECTIONS 

A. Connect fixtures with water supplies and soil, waste, and vent piping. Use size 
fittings required to match water closets. 

B. Comply with water piping requirements specified in Section 221119 “Domestic 
Water Piping Specialties”. 

C. Comply with soil and waste piping requirements specified in Section 221319 
“Sanitary Waste and Vent Piping Specialties”. 

D. Where installing piping adjacent to plumbing fixtures, allow space for service 
and maintenance. 

3.5 ADJUSTING 

A. Operate and  adjust  plumbing  fixtures  and  controls. Replace damaged and 
malfunctioning fixtures, fittings and controls. 

B. Adjust water pressure at flushometer valves to produce proper flow. 

C. Install fresh batteries in battery-powered, electronic-sensor mechanisms. 

3.6 CLEANING AND PROTECTION 

A. Clean water closets and fittings with manufacturers’ recommended cleaning 
methods and materials. 

B. Install protective covering for installed water closets and fittings. 

C. Do not allow use of water closets for temporary facilities unless approved in 
writing by the Owner. 

 

END OF SECTION 



 WHCRWA 

EMERGENCY PLUMBING FIXTURES CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
EMERGENCY PLUMBING FIXTURES 

22 45 00 - 1 of 6 

SECTION 22 45 00 

EMERGENCY PLUMBING FIXTURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Combination units. 

2. Water-tempering equipment. 

1.3 DEFINITIONS 

A. Accessible Fixture: Emergency plumbing fixture that can be approached, 
entered, and used by people with disabilities. 

B. Plumbed Emergency Plumbing Fixture: Fixture with fixed, potable-water supply. 

C. Self-Contained Emergency Plumbing Fixture: Fixture with flushing-fluid-solution 
supply. 

D. Tepid: Moderately warm. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include flow rates and 
capacities, furnished specialties, and accessories. 

B. Shop Drawings: Diagram power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Product Certificates: Submit certificates of performance testing specified in 
"Source Quality Control" Article. 

B. Field quality-control test reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For emergency plumbing fixtures to include 
in operation and maintenance manuals. 

1.7 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 



WHCRWA  

CENTRAL PUMP STATION EMERGENCY PLUMBING FIXTURES 

 

WHCRWA CENTRAL PUMP STATION 
EMERGENCY PLUMBING FIXTURES 

22 45 00 - 2 of 6 

B. ANSI Standard: Comply with ANSI Z358.1, "Emergency Eyewash and Shower 
Equipment." 

C. NSF Standard: Comply with NSF 61, "Drinking Water System Components - 
Health Effects," for fixture materials that will be in contact with potable water. 

PART 2 - PRODUCTS 

2.1 COMBINATION UNITS 

A. Freeze Protected, Plumbed Emergency Shower with Eye/Face Wash 
Combination Units: 

1. Manufacturers: Subject to compliance with requirements, provide products 
by one of the following: 

2. Basis-of-Design Product: Subject to compliance with requirements, provide 
product indicated on Drawings or comparable product by one of the 
following: 

a. Bradley Corporation. 

b. Guardian Equipment Co. 

c. Haws Corporation. 

d. Speakman Company. 

e. Acorn. 

3. Piping: Galvanized Steel 

a. Material: painted with non-reflecting coat. 

b. Unit Supply: NPS 1-1/4 (DN 32) minimum. 

c. Unit Drain: Outlet at back 

4. Heating System: Electric, 120-V ac; and insulation with protective jacket and 
thermometer. 

a. Heating Capacity: 15 deg F minimum above ambient temperature. Design 
Ambient Temperature: 20F 

5. Shower: 

a. Capacity: Not less than 20 gpm (76 L/min.) for at least 15 minutes. 

b. Supply Piping: NPS 1 with flow regulator and stay-open control valve. 

c. Control-Valve Actuator: Pull rod. 

d. Flow Switch: Remote Monitoring contacts 

e. Shower Head: 8-inch- minimum diameter, plastic. 

f. Mounting: Pedestal. 

6. Eye/Face Wash Unit: 

a. Capacity: Not less than 3 gpm (11.4 L/min.) for at least 15 minutes. 

b. Supply Piping: NPS 1/2 (DN 15) with flow regulator and stay-open control 
valve. 
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c. Control-Valve Actuator: Paddle. 

d. Spray-Head Assembly: one center spray head. 

e. Receptor: Plastic bowl. 

f. Mounting: Attached shower pedestal. 

2.2 WATER-TEMPERING EQUIPMENT 

A. Thermostatic mixing valve. 

1. Manufacturers: Subject to compliance with requirements, provide products 
by one of the following: 

a. Guardian. 

b. Haws. 

c. Bradley 

d. Acorn 

2. Description: 

a. Valve with bimetallic thermostat blending temperature to 85 deg. With 
high limit stop at 90 deg.F. 

2.3 SOURCE QUALITY CONTROL 

A. Certify performance of emergency plumbing fixtures by independent testing 
organization acceptable to authorities having jurisdiction. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in for water and waste piping systems to verify actual 
locations of piping connections before plumbed emergency plumbing fixture 
installation. 

B. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 EMERGENCY PLUMBING FIXTURE INSTALLATION 

A. Assemble emergency plumbing fixture piping, fittings, control valves, flow switch 
and other components. 

B. Install fixtures level and plumb. 

C. Fasten fixtures to substrate. 

D. Install shutoff valves and flow switch in water-supply piping to fixtures. Use ball, 
gate, or globe valve if specific type valve is not indicated. Install valves chained 
or locked in open position if permitted. Install valves and flow switch in locations 
where they can easily be reached for operation. Comply with  requirements  for  
valves  specified  in  Division 22 Section "General-Duty Valves for Plumbing 
Piping." 



WHCRWA  

CENTRAL PUMP STATION EMERGENCY PLUMBING FIXTURES 

 

WHCRWA CENTRAL PUMP STATION 
EMERGENCY PLUMBING FIXTURES 

22 45 00 - 4 of 6 

1. Exception: Omit shutoff valve on supply to emergency equipment if 
prohibited by authorities having jurisdiction. 

E. Install dielectric fitting in supply piping to emergency equipment if piping and 
equipment connections are made of different metals. Comply with requirements 
for dielectric fittings specified in Division 40 Section "Pipe and Pipe Fittings Basic 
Requirements." 

F. Install thermometers in supply and outlet piping connections to water-tempering 
equipment. Comply with requirements for thermometers specified in Division 22 
Section "Meters and Gages for Plumbing Piping." 

G. Install escutcheons on piping wall and ceiling penetrations in exposed, finished 
locations. Comply with requirements for escutcheons specified in Division 22 
Section "Escutcheons for Plumbing Piping." 

3.3 CONNECTIONS 

A. Connect hot- and cold-water-supply piping to hot- and cold-water, water-
tempering equipment. Connect output from water-tempering equipment to 
emergency plumbing fixtures. Comply with requirements for hot- and cold-water 
piping specified in Division 40 Section "Pipe and Pipe Fittings Basic 
Requirements". 

B. Flow switch is installed in the water supply line prior to the emergency 
equipment and is activated once it senses the movement of water in the supply 
line. Flow switch assembly is provided with a tee fitting for mounting the unit in 
the vertical position. Flow switch is explosion proof and weather proof. 

C. Where installing piping adjacent to emergency plumbing fixtures, allow space 
for service and maintenance of fixtures. 

3.4 IDENTIFICATION 

A. Install equipment nameplates or equipment markers on emergency plumbing 
fixtures and equipment and equipment signs on water-tempering equipment. 
Comply with requirements for identification materials specified in Division 22 
Section "Identification for Plumbing Piping and Equipment." 

3.5 FIELD QUALITY CONTROL 

A. Mechanical-Component Testing: After plumbing connections have been made, 
test for compliance with requirements. Verify ability to achieve indicated 
capacities. 

B. Tests and Inspections: 

1. Perform each visual, audio and mechanical inspection. 

2. Leak Test: After installation, charge system and test for leaks. Repair leaks 
and retest until no leaks exist. 

3. Operational Test: After electrical circuitry has been energized, start units to 
confirm proper unit operation. 
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4. Test and adjust controls and safeties. Replace damaged and malfunctioning 
controls and equipment. 

C. Emergency plumbing fixtures and water-tempering equipment will be 
considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.6 ADJUSTING 

A. Adjust or replace fixture flow regulators for proper flow. 

B. Adjust equipment temperature settings. 

 

END OF SECTION 
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SECTION 23 05 13 

                           COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, 
general-purpose, horizontal, small and medium, squirrel-cage induction motors 
for use on alternating-current power systems up to 600 V and installed at 
equipment manufacturer's factory or shipped separately by equipment 
manufacturer for field installation. 

1.3 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be 
compatible with the following: 

1. Motor controllers. 

2. Torque, speed, and horsepower requirements of the load. 

3. Ratings and characteristics of supply circuit and required control 
sequence. 

4. Ambient and environmental conditions of installation location. 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with NEMA MG 1 unless otherwise indicated. 

B. Comply with IEEE 841 for severe-duty motors. 

2.2 MOTOR CHARACTERISTICS 

A. Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 50 
feet (15 m) above sea level. 

B. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate 
connected loads at designated speeds, at installed altitude and environment, 
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with indicated operating sequence, and without exceeding nameplate ratings or 
considering service factor. 

2.3 POLYPHASE MOTORS 

A. Description: NEMA MG 1, Design B, medium induction motor. 

B. Efficiency: Premium efficient, as defined in NEMA MG 1. 

C. Service Factor: 1.15. 

D. Multispeed Motors: Variable torque. 

1. For motors with 2:1 speed ratio, consequent pole, single winding. 

2. For motors with other than 2:1 speed ratio, separate winding for each 
speed. 

E. Multispeed Motors: Separate winding for each speed. 

F. Rotor: Random-wound, squirrel cage. 

G. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and 
thrust loading. 

H. Temperature Rise: Match insulation rating. 

I. Insulation:  Class F. 

J. Code Letter Designation: 

1. Motors 15 HP and Larger: NEMA starting Code F or Code G. 

2. Motors Smaller Than 15 HP: Manufacturer's standard starting 
characteristic. 

K. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel 
for motor frame sizes smaller than 324T. 

2.4 ADDITIONAL REQUIREMENTS FOR POLYPHASE MOTORS 

A. Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring 
connection requirements for controller with required motor leads. Provide 
terminals in motor terminal box, suited to control method. 

B. Motors Used with Variable-Frequency Controllers: Ratings, characteristics, and 
features coordinated with and approved by controller manufacturer. 

1. Windings: Copper magnet wire with moisture-resistant insulation varnish, 
designed and tested to resist transient spikes, high frequencies, and short 
time rise pulses produced by pulse-width-modulated inverters. 

2. Premium-Efficient Motors: Class B temperature rise; Class F insulation. 

3. Inverter-Duty Motors: Class F temperature rise; Class H insulation. 

4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally 
protected motors. 
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C. Severe-Duty Motors: Comply with IEEE 841, with 1.15 minimum service factor. 

2.5 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque 
and requirements of specific motor application: 

1. Permanent-split capacitor. 

2. Split phase. 

3. Capacitor start, inductor run. 

4. Capacitor start, capacitor run. 

B. Multispeed Motors: Variable-torque, permanent-split-capacitor type. 

C. Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for 
radial and thrust loading. 

D. Motors 1/20 HP and Smaller: Shaded-pole type. 

E. Thermal Protection: Internal protection to automatically open power supply 
circuit to motor when winding temperature exceeds a safe value calibrated to 
temperature rating of motor insulation. Thermal-protection device shall 
automatically reset when motor temperature returns to normal range. 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 23 05 13 
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SECTION 23 05 17 

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 

PART 1 -  

1.1 SUMMARY 

A. Section Includes: 
1. Sleeves. 
2. Sleeve-seal systems. 
3. Grout. 

1.2 ACTION SUBMITTALS 
A. Product Data:  For each type of product indicated. 

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Cast-Iron Wall Pipes:  Cast or fabricated of cast or ductile iron and equivalent to 
ductile-iron pressure pipe, with plain ends and integral waterstop unless 
otherwise indicated. 

B. Galvanized-Steel Wall Pipes:  ASTM A 53/A 53M, Schedule 40, with plain ends 
and welded steel collar; zinc coated. 

C. Galvanized-Steel-Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, 
Schedule 40, zinc coated, with plain ends. 

D. PVC-Pipe Sleeves:  ASTM D 1785, Schedule 40. 

E. Galvanized-Steel-Sheet Sleeves:  0.0239-inch (0.6-mm) minimum thickness; 
round tube closed with welded longitudinal joint. 

2.2 SLEEVE-SEAL SYSTEMS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Advance Products & Systems, Inc. 

2. CALPICO, Inc. 
3. Metraflex Company (The). 
4. Pipeline Seal and Insulator, Inc. 
5. Proco Products, Inc. 

B. Description:  Modular sealing-element unit, designed for field assembly, for 
filling annular space between piping and sleeve. 

http://www.specagent.com/LookUp/?uid=123456806643&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806644&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806645&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806646&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806647&mf=04&src=wd
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1. Sealing Elements:  EPDM-rubber or NBR interlocking links shaped to fit 
surface of pipe.  Include type and number required for pipe material and 
size of pipe. 

2. Pressure Plates:  Carbon steel. 
3. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, 

of length required to secure pressure plates to sealing elements. 

2.3 GROUT 

A. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-
adjusting, dry, hydraulic-cement grout. 

B. Characteristics:  Nonshrink; recommended for interior and exterior applications. 

C. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength. 

D. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION 

A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, 
and walls. 

B. For sleeves that will have sleeve-seal system installed, select sleeves of size 
large enough to provide 1-inch (25-mm) annular clear space between piping 
and concrete slabs and walls. 

1. Sleeves are not required for core-drilled holes. 

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as 
new slabs and walls are constructed. 

1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception:  Extend sleeves installed in floors of mechanical 

equipment areas or other wet areas 2 inches (50 mm) above finished 
floor level. 

2. Using grout, seal the space outside of sleeves in slabs and walls without 
sleeve-seal system. 

D. Install sleeves for pipes passing through interior partitions. 

1. Cut sleeves to length for mounting flush with both surfaces. 

2. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular 
clear space between sleeve and pipe or pipe insulation. 
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3. Seal annular space between sleeve and piping or piping insulation; use 
joint sealants appropriate for size, depth, and location of joint.  Comply 
with requirements for sealants specified in Section 079200 "Joint 
Sealants." 

E. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, 
ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestop 
materials.  Comply with requirements for firestopping specified in 
Section 078400 "Firestopping." 

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-
grade at service piping entries into building. 

B. Select type, size, and number of sealing elements required for piping material 
and size and for sleeve ID or hole size.  Position piping in center of sleeve.  
Center piping in penetration, assemble sleeve-seal system components, and 
install in annular space between piping and sleeve.  Tighten bolts against 
pressure plates that cause sealing elements to expand and make a watertight 
seal. 

3.3 SLEEVE AND SLEEVE-SEAL SCHEDULE 

A. Use sleeves and sleeve seals for the following piping-penetration applications: 

1. Exterior Concrete Walls above Grade: 

a. Piping Smaller Than NPS 6 (DN 150):  Cast-iron wall sleeves or 
Galvanized-steel wall sleeves or Galvanized-steel-pipe sleeves. 

b. Piping NPS 6 (DN 150) and Larger:  Cast-iron wall sleeves or 
Galvanized-steel wall sleeves or Galvanized-steel-pipe sleeves. 

2. Concrete Slabs-on-Grade: 

a. Piping Smaller Than NPS 6 (DN 150):  Cast-iron wall sleeves with 
sleeve-seal system or Galvanized-steel wall sleeves with sleeve-seal 
system or Galvanized-steel-pipe sleeves with sleeve-seal system. 

1) Select sleeve size to allow for 1-inch (25-mm) annular clear 
space between piping and sleeve for installing sleeve-seal 
system. 

b. Piping NPS 6 (DN 150) and Larger:  Cast-iron wall sleeves with 
sleeve-seal system or Galvanized-steel wall sleeves with sleeve-seal 
system or Galvanized-steel-pipe sleeves with sleeve-seal system. 

1) Select sleeve size to allow for 1-inch (25-mm) annular clear 
space between piping and sleeve for installing sleeve-seal 
system. 

3. Concrete Slabs above Grade: 
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a. Piping Smaller Than NPS 6 (DN 150):  Galvanized-steel-pipe 
sleeves or PVC-pipe sleeves. 

b. Piping NPS 6 (DN 150) and Larger:  Galvanized-steel-pipe sleeves 
or PVC-pipe sleeves. 

4. Interior Partitions: 

a. Piping Smaller Than NPS 6 (DN 150):  Galvanized-steel-pipe 
sleeves or PVC-pipe sleeves. 

b. Piping NPS 6 (DN 150) and Larger:  Galvanized-steel-sheet sleeves. 

END OF SECTION 23 05 17 
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SECTION 23 05 18 

ESCUTCHEONS FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Escutcheons. 

2. Floor plates. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

PART 2 - PRODUCTS 

2.1 ESCUTCHEONS 

A. One-Piece, Cast-Brass Type:  With polished, chrome-plated and rough-brass 
finish and setscrew fastener. 

B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with chrome-
plated finish and spring-clip fasteners. 

C. One-Piece, Stamped-Steel Type:  With chrome-plated finish and spring-clip 
fasteners. 

2.2 FLOOR PLATES 

A. One-Piece Floor Plates:  Cast-iron flange with holes for fasteners. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors. 

B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of 
piping and with OD that completely covers opening. 

1. Escutcheons for New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-
pattern type. 

b. Chrome-Plated Piping:  One-piece, cast-brass type with polished, 
chrome-plated finish. 
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c. Insulated Piping:  One-piece, stamped-steel type. 

d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  
One-piece, stamped-steel type. 

e. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, 
stamped-steel type. 

f. Bare Piping in Unfinished Service Spaces:  One-piece, stamped-
steel type. 

g. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type. 

C. Install floor plates for piping penetrations of equipment-room floors. 

D. Install floor plates with ID to closely fit around pipe, tube, and insulation of 
piping and with OD that completely covers opening. 

1. New Piping:  One-piece, floor-plate type. 

3.2 FIELD QUALITY CONTROL 

A. Replace broken and damaged escutcheons and floor plates using new 
materials. 

END OF SECTION 23 05 18 
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SECTION 23 05 29 

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Metal pipe hangers and supports. 
2. Trapeze pipe hangers. 
3. Fiberglass pipe hangers. 
4. Metal framing systems. 
5. Fiberglass strut systems. 
6. Thermal-hanger shield inserts. 
7. Fastener systems. 
8. Pipe stands. 
9. Equipment supports. 

B. Related Sections: 
1. Section 055000 "Metal Fabrications" for structural-steel shapes and 

plates for trapeze hangers for pipe and equipment supports. 
2. Section 230548.13 "Vibration Controls for HVAC" for vibration isolation 

devices. 
3. Section 233113 "Metal Ducts" for duct hangers and supports. 

1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society of The Valve and Fittings 

Industry Inc. 

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design trapeze pipe hangers and equipment supports, 
including comprehensive engineering analysis by a qualified professional 
engineer, using performance requirements and design criteria indicated. 

B. Structural Performance:  Hangers and supports for HVAC piping and 

equipment shall withstand the effects of gravity loads and stresses within 
limits and under conditions indicated according to ASCE/SEI 7. 
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1. Design supports for multiple pipes, including pipe stands, capable of 
supporting combined weight of supported systems, system contents, 
and test water. 

2. Design equipment supports capable of supporting combined operating 
weight of supported equipment and connected systems and 
components. 

1.5 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings: Signed and sealed by a qualified Professional Engineer. 
Show fabrication and installation details and include calculations for the 
following; include Product Data for components: 
1. Trapeze pipe hangers. 
2. Metal framing systems. 
3. Fiberglass strut systems. 
4. Pipe stands. 
5. Equipment supports. 

C. Delegated-Design Submittal:  For trapeze hangers indicated to comply with 
performance requirements and design criteria, including analysis data 
signed and sealed by the qualified professional engineer responsible for 
their preparation. 
1. Detail fabrication and assembly of trapeze hangers. 
2. Design Calculations:  Calculate requirements for designing trapeze 

hangers. 

1.6 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.7 QUALITY ASSURANCE 

A. Structural Steel Welding Qualifications:  Qualify procedures and personnel 
according to AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

B. Pipe Welding Qualifications:  Qualify procedures and operators according to 
ASME Boiler and Pressure Vessel Code. 

PART 2 - PRODUCTS 

2.1 METAL PIPE HANGERS AND SUPPORTS 

A. Carbon-Steel Pipe Hangers and Supports: 
1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated 

components. 
2. Galvanized Metallic Coatings:  Pre-galvanized or hot dipped. 
3. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 
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4. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad 
or cushion to support bearing surface of piping. 

5. Hanger Rods:  Continuous-thread rod, nuts, and washer made of 
carbon steel or stainless steel. 

B. Stainless-Steel Pipe Hangers and Supports: 
1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated 

components. 
2. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad 

or cushion to support bearing surface of piping. 
3. Hanger Rods:  Continuous-thread rod, nuts, and washer made of 

stainless steel. 

C. Copper Pipe Hangers: 

1. Description:  MSS SP-58, Types 1 through 58, copper-coated-steel, 
factory-fabricated components. 

2. Hanger Rods:  Continuous-thread rod, nuts, and washer made of 
copper-coated steel or stainless steel. 

2.2 TRAPEZE PIPE HANGERS 

A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support 

assembly made from structural carbon-steel shapes with MSS SP-58 
carbon-steel hanger rods, nuts, saddles, and U-bolts. 

2.3 FIBERGLASS PIPE HANGERS 

A. Clevis-Type, Fiberglass Pipe Hangers: 

1. Description:  Similar to MSS SP-58, Type 1, steel pipe hanger except 
hanger is made of fiberglass or fiberglass-reinforced resin. 

2. Hanger Rods:  Continuous-thread rod, washer, and nuts made of 
fiberglass or polyurethane or stainless steel. 

B. Strap-Type, Fiberglass Pipe Hangers: 
1. Description:  Similar to MSS SP-58, Type 9 or Type 10, steel pipe 

hanger except hanger is made of fiberglass-reinforced resin. 
2. Hanger Rod and Fittings:  Continuous-thread rod, washer, and nuts 

made of stainless steel. 

2.4 METAL FRAMING SYSTEMS 

A. MFMA Manufacturer Metal Framing Systems: 
1. Manufacturers:  Subject to compliance with requirements, provide 

products by one of the following: 
a. Allied Tube & Conduit. 
b. Cooper B-Line, Inc. 
c. Flex-Strut Inc. 
d. GS Metals Corp. 
e. Thomas & Betts Corporation. 

http://www.specagent.com/LookUp/?uid=123456830443&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830444&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830445&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830446&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830447&mf=04&src=wd
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f. Unistrut Corporation; Tyco International, Ltd. 
g. Wesanco, Inc. 

2. Description:  Shop- or field-fabricated pipe-support assembly for 
supporting multiple parallel pipes. 

3. Standard:  MFMA-4. 
4. Channels:  Continuous slotted steel channel with in-turned lips. 
5. Channel Nuts:  Formed or stamped steel nuts or other devices 

designed to fit into channel slot and, when tightened, prevent slipping 
along channel. 

6. Hanger Rods:  Continuous-thread rod, nuts, and washer made of 
carbon steel or stainless steel. 

7. Metallic Coating:  Electroplated zinc or  Mill galvanized. 

B. Non-MFMA Manufacturer Metal Framing Systems: 
1. Manufacturers:  Subject to compliance with requirements, provide 

products by one of the following: 
a. Anvil International; a subsidiary of Mueller Water Products Inc. 
b. Empire Industries, Inc. 
c. ERICO International Corporation. 
d. Haydon Corporation; H-Strut Division. 
e. NIBCO INC. 
f. PHD Manufacturing, Inc. 
g. PHS Industries, Inc. 

2. Description:  Shop- or field-fabricated pipe-support assembly made of 
steel channels, accessories, fittings, and other components for 
supporting multiple parallel pipes. 

3. Standard:  Comply with MFMA-4. 
4. Channels:  Continuous slotted steel channel with in-turned lips. 
5. Channel Nuts:  Formed or stamped steel nuts or other devices 

designed to fit into channel slot and, when tightened, prevent slipping 
along channel. 

6. Hanger Rods:  Continuous-thread rod, nuts, and washer made of 
carbon steel or stainless steel. 

7. Coating:  Zinc or PVC. 

2.5 FIBERGLASS STRUT SYSTEMS 

A. Manufacturers:  Subject to compliance with requirements, provide products 
by one of the following: 
1. Allied Tube & Conduit. 
2. Champion Fiberglass, Inc. 
3. Cooper B-Line, Inc. 
4. SEASAFE, INC.; a Gibraltar Industries Company. 

B. Description:  Shop- or field-fabricated pipe-support assembly similar to 
MFMA-4 for supporting multiple parallel pipes. 
1. Channels:  Continuous slotted fiberglass or other plastic channel with 

in-turned lips. 

http://www.specagent.com/LookUp/?uid=123456830448&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830449&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830450&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830451&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830452&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830453&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830454&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830455&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830456&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830457&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830458&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830459&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830460&mf=04&src=wd
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2. Channel Nuts:  Fiberglass nuts or other devices designed to fit into 
channel slot and, when tightened, prevent slipping along channel. 

3. Hanger Rods:  Continuous-thread rod, nuts, and washer made of 
stainless steel. 

2.6 THERMAL-HANGER SHIELD INSERTS 

A. Manufacturers:  Subject to compliance with requirements, provide products 

by one of the following: 
1. Carpenter & Paterson, Inc. 
2. Clement Support Services. 
3. ERICO International Corporation. 
4. National Pipe Hanger Corporation. 
5. PHS Industries, Inc. 
6. Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc. 
7. Piping Technology & Products, Inc. 
8. Rilco Manufacturing Co., Inc. 
9. Value Engineered Products, Inc. 

B. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular 
glass with 100-psig (688-kPa) or ASTM C 591, Type VI, Grade 1 
polyisocyanurate with 125-psig (862-kPa) minimum compressive strength 
and vapor barrier. 

C. Insulation-Insert Material for Hot Piping:  Water-repellent treated, 
ASTM C 533, Type I calcium silicate with 100-psig (688-kPa), ASTM C 552, 
Type II cellular glass with 100-psig (688-kPa) or ASTM C 591, Type VI, 
Grade 1 polyisocyanurate with 125-psig (862-kPa) minimum compressive 
strength. 

D. For Trapeze or Clamped Systems:  Insert and shield shall cover entire 

circumference of pipe. 

E. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 

degrees of pipe. 

F. Insert Length:  Extend 2 inches (50 mm) beyond sheet metal shield for 

piping operating below ambient air temperature. 

2.7 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened 
portland cement concrete with pull-out, tension, and shear capacities 
appropriate for supported loads and building materials where used. 

B. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated steel 

anchors, for use in hardened portland cement concrete; with pull-out, 
tension, and shear capacities appropriate for supported loads and building 
materials where used. 

http://www.specagent.com/LookUp/?uid=123456830461&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830462&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830463&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830464&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830465&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830466&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830467&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830468&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456830469&mf=04&src=wd
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2.8 PIPE STANDS 

A. General Requirements for Pipe Stands:  Shop- or field-fabricated 

assemblies made of manufactured corrosion-resistant components to 
support roof-mounted piping. 

B. Compact Pipe Stand:  One-piece plastic unit with integral-rod roller, pipe 
clamps, or V-shaped cradle to support pipe, for roof installation without 
membrane penetration. 

C. Low-Type, Single-Pipe Stand:  One-piece stainless-steel base unit with 

plastic roller, for roof installation without membrane penetration. 

D. High-Type, Single-Pipe Stand: 

1. Description:  Assembly of base, vertical and horizontal members, and 
pipe support, for roof installation without membrane penetration. 

2. Base:  Stainless steel. 
3. Vertical Members:  Two or more cadmium-plated-steel or stainless-

steel, continuous-thread rods. 
4. Horizontal Member:  Cadmium-plated-steel or stainless-steel rod with 

plastic or stainless-steel, roller-type pipe support. 

E. High-Type, Multiple-Pipe Stand: 

1. Description:  Assembly of bases, vertical and horizontal members, and 
pipe supports, for roof installation without membrane penetration. 

2. Bases:  One or more; plastic. 
3. Vertical Members:  Two or more protective-coated-steel channels. 
4. Horizontal Member:  Protective-coated-steel channel. 
5. Pipe Supports:  Galvanized-steel, clevis-type pipe hangers. 

F. Curb-Mounted-Type Pipe Stands:  Shop- or field-fabricated pipe supports 
made from structural-steel shapes, continuous-thread rods, and rollers, for 
mounting on permanent stationary roof curb. 

2.9 EQUIPMENT SUPPORTS 

A. Description:  Welded, shop- or field-fabricated equipment support made 
from structural carbon-steel shapes. 

2.10 MISCELLANEOUS MATERIALS 

A. Structural Steel:  ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; 

black and galvanized. 

B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, 

non-shrink and non-metallic grout; suitable for interior and exterior 
applications. 
1. Properties:  Non-staining, non-corrosive, and non-gaseous. 
2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength. 
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PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  
Install hangers, supports, clamps, and attachments as required to properly 
support piping from the building structure. 

B. Metal Trapeze Pipe-Hanger Installation:  Comply with MSS SP-69 and 

MSS SP-89.  Arrange for grouping of parallel runs of horizontal piping, and 
support together on field-fabricated trapeze pipe hangers. 
1. Pipes of Various Sizes:  Support together and space trapezes for 

smallest pipe size or install intermediate supports for smaller diameter 
pipes as specified for individual pipe hangers. 

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected 
for loads being supported.  Weld steel according to AWS D1.1/D1.1M. 

C. Fiberglass Pipe-Hanger Installation:  Comply with applicable portions of 

MSS SP-69 and MSS SP-89.  Install hangers and attachments as required 
to properly support piping from building structure. 

D. Metal Framing System Installation:  Arrange for grouping of parallel runs of 
piping, and support together on field-assembled metal framing systems. 

E. Fiberglass Strut System Installation:  Arrange for grouping of parallel runs of 
piping, and support together on field-assembled fiberglass struts. 

F. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for 
insulated piping. 

G. Fastener System Installation: 
1. Install powder-actuated fasteners for use in lightweight concrete or 

concrete slabs less than 4 inches (100 mm) thick in concrete after 
concrete is placed and completely cured.  Use operators that are 
licensed by powder-actuated tool manufacturer.  Install fasteners 
according to powder-actuated tool manufacturer's operating manual. 

2. Install mechanical-expansion anchors in concrete after concrete is 
placed and completely cured.  Install fasteners according to 
manufacturer's written instructions. 

H. Pipe Stand Installation: 

1. Pipe Stand Types except Curb-Mounted Type:  Assemble components 
and mount on smooth roof surface.  Do not penetrate roof membrane. 

2. Curb-Mounted-Type Pipe Stands:  Assemble components or fabricate 
pipe stand and mount on permanent, stationary roof curb.   

I. Install hangers and supports complete with necessary attachments, inserts, 
bolts, rods, nuts, washers, and other accessories. 
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J. Equipment Support Installation:  Fabricate from welded-structural-steel 
shapes. 

K. Install hangers and supports to allow controlled thermal and seismic 
movement of piping systems, to permit freedom of movement between pipe 
anchors, and to facilitate action of expansion joints, expansion loops, 
expansion bends, and similar units. 

L. Install lateral bracing with pipe hangers and supports to prevent swaying. 

M. Install building attachments within concrete slabs or attach to structural 

steel.  Install additional attachments at concentrated loads, including valves, 
flanges, and strainers, NPS 2-1/2 (DN 65) and larger and at changes in 
direction of piping.  Install concrete inserts before concrete is placed; fasten 
inserts to forms and install reinforcing bars through openings at top of 
inserts. 

N. Load Distribution:  Install hangers and supports so that piping live and dead 

loads and stresses from movement will not be transmitted to connected 
equipment. 

O. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes 
and to not exceed maximum pipe deflections allowed by ASME B31.9 for 
building services piping. 

P. Insulated Piping: 

1. Attach clamps and spacers to piping. 
a. Piping Operating above Ambient Air Temperature:  Clamp may 

project through insulation. 
b. Piping Operating below Ambient Air Temperature:  Use thermal-

hanger shield insert with clamp sized to match OD of insert. 
c. Do not exceed pipe stress limits allowed by ASME B31.9 for 

building services piping. 
2. Install MSS SP-58, Type 39, protection saddles if insulation without 

vapor barrier is indicated.  Fill interior voids with insulation that 
matches adjoining insulation. 
a. Option:  Thermal-hanger shield inserts may be used.  Include 

steel weight-distribution plate for pipe NPS 4 (DN 100) and larger 
if pipe is installed on rollers. 

3. Install MSS SP-58, Type 40, protective shields on cold piping with 
vapor barrier.  Shields shall span an arc of 180 degrees. 
a. Option:  Thermal-hanger shield inserts may be used.  Include 

steel weight-distribution plate for pipe NPS 4 (DN 100) and larger 
if pipe is installed on rollers. 

4. Shield Dimensions for Pipe:  Not less than the following: 
a. NPS 1/4 to NPS 3-1/2 (DN 8 to DN 90):  12 inches (305 mm) long 

and 0.048 inch (1.22 mm) thick. 
b. NPS 4 (DN 100):  12 inches (305 mm) long and 0.06 inch (1.52 

mm) thick. 
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c. NPS 5 and NPS 6 (DN 125 and DN 150):  18 inches (457 mm) 
long and 0.06 inch (1.52 mm) thick. 

d. NPS 8 to NPS 14 (DN 200 to DN 350):  24 inches (610 mm) long 
and 0.075 inch (1.91 mm) thick. 

e. NPS 16 to NPS 24 (DN 400 to DN 600):  24 inches (610 mm) long 
and 0.105 inch (2.67 mm) thick. 

5. Pipes NPS 8 (DN 200) and Larger:  Include wood or reinforced 
calcium-silicate-insulation inserts of length at least as long as 
protective shield. 

6. Thermal-Hanger Shields:  Install with insulation same thickness as 
piping insulation. 

3.2 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure 
overhead or to support equipment above floor. 

B. Grouting:  Place grout under supports for equipment and make bearing 
surface smooth. 

C. Provide lateral bracing, to prevent swaying, for equipment supports. 

3.3 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers 
and equipment supports. 

B. Fit exposed connections together to form hairline joints.  Field weld 
connections that cannot be shop welded because of shipping size 
limitations. 

C. Field Welding:  Comply with AWS D1.1/D1.1M procedures for shielded, 

metal arc welding; appearance and quality of welds; and methods used in 
correcting welding work; and with the following: 
1. Use materials and methods that minimize distortion and develop 

strength and corrosion resistance of base metals. 
2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after 

finishing and so contours of welded surfaces match adjacent contours. 

3.4 ADJUSTING 

A. Hanger Adjustments:  Adjust hangers to distribute loads equally on 

attachments and to achieve indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 

inches (40 mm). 
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3.5 PAINTING 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint 

exposed areas immediately after erecting hangers and supports.  Use same 
materials as used for shop painting.  Comply with SSPC-PA 1 requirements 
for touching up field-painted surfaces. 
1. Apply paint by brush or spray to provide a minimum dry film thickness 

of 2.0 mils (0.05 mm). 

A. Touchup:  Cleaning and touchup painting of field welds, bolted connections, 

and abraded areas of shop paint on miscellaneous metal are specified in 
Section 099100 "Painting and Protective Coatings" and Section 099110 
"Architectural Painting." 

B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas 

and apply galvanizing-repair paint to comply with ASTM A 780. 

3.6 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping 
systems and equipment. 

B. Comply with MSS SP-69 for pipe-hanger selections and applications that 
are not specified in piping system Sections. 

C. Use hangers and supports with galvanized metallic coatings for piping and 
equipment that will not have field-applied finish. 

D. Use nonmetallic coatings on attachments for electrolytic protection where 
attachments are in direct contact with copper tubing. 

E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers 
and metal framing systems and attachments for general service 
applications. 

F. Use stainless-steel pipe hangers and stainless-steel or corrosion-resistant 
attachments for hostile environment applications. 

G. Use copper-plated pipe hangers and copper or stainless-steel attachments 
for copper piping and tubing. 

H. Use padded hangers for piping that is subject to scratching. 

I. Use thermal-hanger shield inserts for insulated piping and tubing. 

J. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and 
except as specified in piping system Sections, install the following types: 

1. Adjustable, Steel Clevis Hangers (MSS Type 1):  For suspension of 
non-insulated or insulated, stationary pipes NPS 1/2 to NPS 30 (DN 15 
to DN 750). 



WHCRWA  
CENTRAL PUMP STATION 

                                                    HANGERS AND SUPPORTS        
                                      FOR HVAC PIPING AND EQUIPMENT 

                                                

 

WHCRWA CENTRAL PUMP STATION  

 HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 
23 05 29 - 11 of 14 

 

2. Yoke-Type Pipe Clamps (MSS Type 2):  For suspension of up to 1050 
deg. F (566 deg. C), pipes NPS 4 to NPS 24 (DN 100 to DN 600), 
requiring up to 4 inches (100 mm) of insulation. 

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3):  For 
suspension of pipes NPS 3/4 to NPS 36 (DN 20 to DN 900), requiring 
clamp flexibility and up to 4 inches (100 mm) of insulation. 

4. Steel Pipe Clamps (MSS Type 4):  For suspension of cold and hot 
pipes NPS 1/2 to NPS 24 (DN 15 to DN 600) if little or no insulation is 
required. 

5. Pipe Hangers (MSS Type 5):  For suspension of pipes NPS 1/2 to 
NPS 4 (DN 15 to DN 100), to allow off-center closure for hanger 
installation before pipe erection. 

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6):  For 
suspension of non-insulated, stationary pipes NPS 3/4 to NPS 8 
(DN 20 to DN 200). 

7. Adjustable, Steel Band Hangers (MSS Type 7):  For suspension of 
non-insulated, stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200). 

8. Adjustable Band Hangers (MSS Type 9):  For suspension of non-
insulated, stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200). 

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10):  For 
suspension of non-insulated, stationary pipes NPS 1/2 to NPS 8 
(DN 15 to DN 200). 

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11):  
For suspension of non-insulated, stationary pipes NPS 3/8 to NPS 8 
(DN 10 to DN 200). 

11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12):  For 
suspension of non-insulated, stationary pipes NPS 3/8 to NPS 3 
(DN 10 to DN 80). 

12. U-Bolts (MSS Type 24):  For support of heavy pipes NPS 1/2 to 
NPS 30 (DN 15 to DN 750). 

13. Clips (MSS Type 26):  For support of insulated pipes not subject to 
expansion or contraction. 

14. Pipe Saddle Supports (MSS Type 36):  For support of pipes NPS 4 to 
NPS 36 (DN 100 to DN 900), with steel-pipe base stanchion support 
and cast-iron floor flange or carbon-steel plate. 

15. Pipe Stanchion Saddles (MSS Type 37):  For support of pipes NPS 4 
to NPS 36 (DN 100 to DN 900), with steel-pipe base stanchion support 
and cast-iron floor flange or carbon-steel plate, and with U-bolt to 
retain pipe. 

16. Adjustable Pipe Saddle Supports (MSS Type 38):  For stanchion-type 
support for pipes NPS 2-1/2 to NPS 36 (DN 65 to DN 900) if vertical 
adjustment is required, with steel-pipe base stanchion support and 
cast-iron floor flange. 
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17. Single-Pipe Rolls (MSS Type 41):  For suspension of pipes NPS 1 to 
NPS 30 (DN 25 to DN 750), from two rods if longitudinal movement 
caused by expansion and contraction might occur. 

18. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes 
NPS 2-1/2 to NPS 24 (DN 65 to DN 600), from single rod if horizontal 
movement caused by expansion and contraction might occur. 

19. Complete Pipe Rolls (MSS Type 44):  For support of pipes NPS 2 to 
NPS 42 (DN 50 to DN 1050) if longitudinal movement caused by 
expansion and contraction might occur but vertical adjustment is not 
necessary. 

20. Pipe Roll and Plate Units (MSS Type 45):  For support of pipes NPS 2 
to NPS 24 (DN 50 to DN 600) if small horizontal movement caused by 
expansion and contraction might occur and vertical adjustment is not 
necessary. 

21. Adjustable Pipe Roll and Base Units (MSS Type 46):  For support of 
pipes NPS 2 to NPS 30 (DN 50 to DN 750) if vertical and lateral 
adjustment during installation might be required in addition to 
expansion and contraction. 

K. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified 
in piping system Sections, install the following types: 
1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe 

risers NPS 3/4 to NPS 24 (DN 24 to DN 600). 
2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of 

pipe risers NPS 3/4 to NPS 24 (DN 20 to DN 600) if longer ends are 
required for riser clamps. 

L. Hanger-Rod Attachments:  Unless otherwise indicated and except as 

specified in piping system Sections, install the following types: 
1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches (150 

mm) for heavy loads. 
2. Steel Clevises (MSS Type 14):  For 120 to 450 deg. F (49 to 232 

deg. C) piping installations. 
3. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split 

pipe rings. 
4. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to 

various types of building attachments. 
5. Steel Weldless Eye Nuts (MSS Type 17):  For 120 to 450 deg. F (49 to 

232 deg. C) piping installations. 

M. Building Attachments:  Unless otherwise indicated and except as specified 

in piping system Sections, install the following types: 
1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper 

attachment to suspend pipe hangers from concrete ceiling. 
2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations 

with bar-joist construction, to attach to top flange of structural shape. 
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3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to 
bottom flange of beams, channels, or angles. 

4. Center-Beam Clamps (MSS Type 21):  For attaching to center of 
bottom flange of beams. 

5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of 
beams if loads are considerable and rod sizes are large. 

6. C-Clamps (MSS Type 23):  For structural shapes. 
7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is 

required tangent to flange edge. 
8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams. 
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to 

bottom of steel I-beams for heavy loads. 
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to 

bottom of steel I-beams for heavy loads, with link extensions. 
11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30):  For 

attaching to structural steel. 
12. Welded-Steel Brackets:  For support of pipes from below or for 

suspending from above by using clip and rod.  Use one of the following 
for indicated loads: 
a. Light (MSS Type 31):  750 lb (340 kg). 
b. Medium (MSS Type 32):  1500 lb (680 kg). 
c. Heavy (MSS Type 33):  3000 lb (1360 kg). 

13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden 
beams. 

14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at 
beam is required. 

15. Horizontal Travelers (MSS Type 58):  For supporting piping systems 
subject to linear horizontal movement where headroom is limited. 

N. Saddles and Shields:  Unless otherwise indicated and except as specified in 
piping system Sections, install the following types: 
1. Steel-Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior 

voids with insulation that matches adjoining insulation. 
2. Protection Shields (MSS Type 40):  Of length recommended in writing 

by manufacturer to prevent crushing insulation. 
3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe. 

O. Spring Hangers and Supports:  Unless otherwise indicated and except as 

specified in piping system Sections, install the following types: 
1. Restraint-Control Devices (MSS Type 47):  Where indicated to control 

piping movement. 
2. Spring Cushions (MSS Type 48):  For light loads if vertical movement 

does not exceed 1-1/4 inches (32 mm). 
3. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41, 

roll hanger with springs. 



HANGERS AND SUPPORTS WHCRWA 

FOR HVAC PIPING AND EQUIPMENT CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION  

 HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 
23 05 29 - 14 of 14 

 

4. Spring Sway Braces (MSS Type 50):  To retard sway, shock, vibration, 
or thermal expansion in piping systems. 

5. Variable-Spring Hangers (MSS Type 51):  Preset to indicated load and 
limit variability factor to 25 percent to allow expansion and contraction 
of piping system from hanger. 

6. Variable-Spring Base Supports (MSS Type 52):  Preset to indicated 
load and limit variability factor to 25 percent to allow expansion and 
contraction of piping system from base support. 

7. Variable-Spring Trapeze Hangers (MSS Type 53):  Preset to indicated 
load and limit variability factor to 25 percent to allow expansion and 
contraction of piping system from trapeze support. 

8. Constant Supports:  For critical piping stress and if necessary to avoid 
transfer of stress from one support to another support, critical terminal, 
or connected equipment.  Include auxiliary stops for erection, 
hydrostatic test, and load-adjustment capability.  These supports 
include the following types: 
a. Horizontal (MSS Type 54):  Mounted horizontally. 
b. Vertical (MSS Type 55):  Mounted vertically. 
c. Trapeze (MSS Type 56):  Two vertical-type supports and one 

trapeze member. 

P. Comply with MSS SP-69 for trapeze pipe-hanger selections and 
applications that are not specified in piping system Sections. 

Q. Comply with MFMA-103 for metal framing system selections and 
applications that are not specified in piping system Sections. 

R. Use mechanical-expansion anchors instead of building attachments where 
required in concrete construction. 

 

END OF SECTION 23 05 29 
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SECTION 23 05 48.13 

VIBRATION CONTROLS FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Elastomeric isolation pads. 
2. Pipe-riser resilient supports. 
3. Resilient pipe guides. 
4. Elastomeric hangers. 
5. Spring hangers. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include rated load, rated deflection, and overload capacity for each 

vibration isolation device. 
2. Illustrate and indicate style, material, strength, fastening provision, and 

finish for each type and size of vibration isolation device type required. 

B. Shop Drawings: 

1. Detail fabrication and assembly of equipment bases.  Detail fabrication 
including anchorages and attachments to structure and to supported 
equipment.  Include adjustable motor bases, rails, and frames for 
equipment mounting. 

2. Vibration Isolation Base Details:  Detail fabrication including 
anchorages and attachments to structure and to supported equipment.  
Include adjustable motor bases, rails, and frames for equipment 
mounting. 

C. Delegated-Design Submittal:  For each vibration isolation device. 
1. Include design calculations for selecting vibration isolators and for 

designing vibration isolation bases. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Show coordination of vibration isolation device 

installation for HVAC piping and equipment with other systems and 
equipment in the vicinity, including other supports and restraints, if any. 

B. Qualification Data:  For testing agency. 

C. Welding certificates. 

D. Air-Mounting System Performance Certification:  Include natural frequency, 
load, and damping test data performed by an independent agency. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For air-spring mounts and restrained-air-

spring mounts to include in operation and maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. Comply with seismic-restraint requirements in the IBC unless requirements 
in this Section are more stringent. 

B. Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

C. Seismic-restraint devices shall have horizontal and vertical load testing and 
analysis and shall bear anchorage preapproval OPA number from OSHPD, 
preapproval by ICC-ES, or preapproval by another agency acceptable to 
authorities having jurisdiction, showing maximum seismic-restraint ratings. 
Ratings based on independent testing are preferred to ratings based on 
calculations. If preapproved ratings are unavailable, submittals based on 
independent testing are preferred. Calculations (including combining shear 
and tensile loads) to support seismic-restraint designs must be signed and 
sealed by a qualified professional engineer. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Refer to specification section 01 81 10 Wind and Seismic Design Criteria. 
              Retain "Wind-Restraint Loading" Paragraph below for outdoor equipment. 
 

B. Wind-Restraint Loading: 
             Obtain values for items in subparagraphs below from Project structural engineer   
               or from ASCE/SEI 7. 

1. Basic Wind Speed: 110 mph. 

2. Minimum 10 lb/sq. ft. multiplied by maximum area of HVAC component 
projected on vertical plane normal to wind direction, and 45 degrees either 
side of normal. 
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2.2 OPEN-SPRING ISOLATORS 

Copy "Freestanding, Laterally Stable, Open-Spring Isolators" Paragraph below and re-
edit for each product. 

The configuration and materials of open-spring isolators depend on the equipment 
being supported. It is possible to have more than one type of open-spring isolator on the 
same Project. Insert drawing designation for each open-spring isolator type required. 
Use these designations on Drawings to identify each product. 

A. Freestanding, Laterally Stable, Open-Spring Isolators:  

1. Outside Spring Diameter: Not less than 80 percent of the compressed 
height of the spring at rated load. 

2. Minimum Additional Travel: 50 percent of the required deflection at rated 
load. 

3. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 

4. Overload Capacity: Support 200 percent of rated load, fully compressed, 
without deformation or failure. 

5. Baseplates: Factory-drilled steel plate for bolting to structure with an 
elastomeric isolator pad attached to the underside. Baseplates shall limit 
floor load to 500 psig. 

6. Top Plate and Adjustment Bolt: Threaded top plate with adjustment bolt 
and cap screw to fasten and level equipment. 

2.3 HOUSED-SPRING ISOLATORS 

Copy "Freestanding, Laterally Stable, Open-Spring Isolators in Two-Part Telescoping 
Housing" Paragraph below and re-edit for each product. 

The configuration and materials of housed-spring isolators depend on the equipment 
being supported. It is possible to have more than one type of housed-spring isolator on 
the same Project. Insert drawing designation for each housed-spring isolator type 
required. Use these designations on Drawings to identify each product. 

A. Freestanding, Laterally Stable, Open-Spring Isolators in Two-Part Telescoping 
Housing:  
1. Outside Spring Diameter: Not less than 80 percent of the compressed 

height of the spring at rated load. 
2. Minimum Additional Travel: 50 percent of the required deflection at rated 

load. 
3. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
4. Overload Capacity: Support 200 percent of rated load, fully compressed, 

without deformation or failure. 
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5. Two-Part Telescoping Housing: A steel top and bottom frame separated 
by an elastomeric material and enclosing the spring isolators. 

a. Drilled base housing for bolting to structure with an elastomeric 
isolator pad attached to the underside. Bases shall limit floor load to 
500 psig . 

b. Top housing with attachment and leveling bolt 

2.4 RESTRAINED-SPRING ISOLATORS 

Copy "Freestanding, Laterally Stable, Open-Spring Isolators with Vertical-Limit Stop 
Restraint" Paragraph below and re-edit for each product. 

The configuration and materials of restrained-spring isolators depend on the equipment 
being supported. It is possible to have more than one type of restrained-spring isolator 
on the same Project. Insert drawing designation for each restrained-spring isolator type 
required. Use these designations on Drawings to identify each product. 

A. Freestanding, Laterally Stable, Open-Spring Isolators with Vertical-Limit Stop 
Restraint. 

1. Housing: Steel housing with vertical-limit stops to prevent spring extension 
due to weight being removed. 

a. Base with holes for bolting to structure with an elastomeric isolator 
pad attached to the underside. Bases shall limit floor load to 500 
psig. 

b. Top plate with threaded mounting holes. 

c. Internal leveling bolt that acts as blocking during installation. 

2. Restraint: Limit stop as required for equipment and authorities having 
jurisdiction. 

3. Outside Spring Diameter: Not less than 80 percent of the compressed 
height of the spring at rated load. 

4. Minimum Additional Travel: 50 percent of the required deflection at rated 
load. 

5. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 

6. Overload Capacity: Support 200 percent of rated load, fully compressed, 
without deformation or failure. 

2.5 HOUSED-RESTRAINED-SPRING ISOLATORS 

Copy "Freestanding, Steel, Open-Spring Isolators with Vertical-Limit Stop Restraint in 
Two-Part Telescoping Housing" Paragraph below and re-edit for each product. 

The configuration and materials of housed-restrained-spring isolators depend on the 
equipment being supported. It is possible to have more than one type of housed-
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restrained-spring isolator on the same Project. Insert drawing designation for each 
housed-restrained-spring isolator type required. Use these designations on Drawings to 
identify each product. 

A. Freestanding, Steel, Open-Spring Isolators with Vertical-Limit Stop Restraint in 

Two-Part Telescoping Housing:  
1. Two-Part Telescoping Housing: A steel top and bottom frame separated 

by an elastomeric material and enclosing the spring isolators. Housings 
are equipped with snubbers to limit vertical movement. 

a. Drilled base housing for bolting to structure with an elastomeric 
isolator pad attached to the underside. Bases shall limit floor load to 
500 psig . 

b. Threaded top housing with adjustment bolt and cap screw to fasten 
and level equipment. 

2. Outside Spring Diameter: Not less than 80 percent of the compressed 
height of the spring at rated load. 

3. Minimum Additional Travel: 50 percent of the required deflection at rated 
load. 

4. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
5. Overload Capacity: Support 200 percent of rated load, fully compressed, 

without deformation or failure. 

2.6 ELASTOMERIC ISOLATION PADS 

A. Elastomeric Isolation Pads:   
1. Manufacturers:  Subject to compliance with requirements, provide 

products by one of the following: 
a. Ace Mountings Co., Inc. 
b. California Dynamics Corporation. 
c. Isolation Technology, Inc. 
d. Kinetics Noise Control, Inc. 
e. Mason Industries, Inc. 
f. Vibration Eliminator Co., Inc. 
g. Vibration Isolation. 
h. Vibration Mountings & Controls, Inc. 

2. Fabrication:  Single or multiple layers of sufficient durometer stiffness 
for uniform loading over pad area. 

3. Size:  Factory or field cut to match requirements of supported 
equipment. 

4. Pad Material:  Oil and water resistant with elastomeric properties. 
5. Surface Pattern:  Ribbed or Waffle pattern. 
6. Infused nonwoven cotton or synthetic fibers. 
7. Load-bearing metal plates adhered to pads. 

http://www.specagent.com/LookUp/?uid=123456867415&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867416&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867417&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867418&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867419&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867420&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867421&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867422&mf=04&src=wd
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8. Sandwich-Core Material:  Resilient and elastomeric. 
a. Surface Pattern:  Ribbed or Waffle pattern. 
b. Infused non-woven cotton or synthetic fibers. 

2.7 PIPE-RISER RESILIENT SUPPORT 

A. Description:  All-directional, acoustical pipe anchor consisting of two steel 
tubes separated by a minimum 1/2-inch- (13-mm-) thick neoprene. 
1. Vertical-Limit Stops:  Steel and neoprene vertical-limit stops arranged 

to prevent vertical travel in both directions. 
2. Maximum Load Per Support:  500 psig (3.45 MPa) on isolation material 

providing equal isolation in all directions. 

2.8 RESILIENT PIPE GUIDES 

A. Description:  Telescopic arrangement of two steel tubes or post and sleeve 

arrangement separated by a minimum 1/2-inch- (13-mm-) thick neoprene. 
1. Factory-Set Height Guide with Shear Pin:  Shear pin shall be 

removable and re-insertable to allow for selection of pipe movement.  
Guides shall be capable of motion to meet location requirements. 

2.9 ELASTOMERIC HANGERS 

A. Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger 

Rods:   
1. Manufacturers:  Subject to compliance with requirements, provide 

products by one of the following: 
a. Ace Mountings Co., Inc. 
b. California Dynamics Corporation. 
c. Isolation Technology, Inc. 
d. Kinetics Noise Control, Inc. 
e. Mason Industries, Inc. 
f. Vibration Eliminator Co., Inc. 
g. Vibration Mountings & Controls, Inc. 

2. Frame:  Steel, fabricated with a connection for an upper threaded 
hanger rod and an opening on the underside to allow for a maximum of 
30 degrees of angular lower hanger-rod misalignment without binding 
or reducing isolation efficiency. 

3. Dampening Element:  Molded, oil-resistant rubber, neoprene, or other 
elastomeric material with a projecting bushing for the underside 
opening preventing steel to steel contact. 

2.10 SPRING HANGERS 

A. Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and 
Insert in Compression:   
1. Manufacturers:  Subject to compliance with requirements, provide 

products by one of the following: 
a. Ace Mountings Co., Inc. 

http://www.specagent.com/LookUp/?uid=123456867439&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867440&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867441&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867442&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867443&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867444&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867445&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867478&mf=04&src=wd
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b. California Dynamics Corporation. 
c. Kinetics Noise Control, Inc. 
d. Mason Industries, Inc. 
e. Vibration Eliminator Co., Inc. 
f. Vibration Isolation. 
g. Vibration Mountings & Controls, Inc. 

2. Frame:  Steel, fabricated for connection to threaded hanger rods and 
to allow for a maximum of 30 degrees of angular hanger-rod 
misalignment without binding or reducing isolation efficiency. 

3. Outside Spring Diameter:  Not less than 80 percent of the compressed 
height of the spring at rated load. 

4. Minimum Additional Travel:  50 percent of the required deflection at 
rated load. 

5. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 
6. Overload Capacity:  Support 200 percent of rated load, fully 

compressed, without deformation or failure. 
7. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.  Steel-

washer-reinforced cup to support spring and bushing projecting 
through bottom of frame. 

8. Adjustable Vertical Stop:  Steel washer with neoprene washer "up-
stop" on lower threaded rod. 

9. Self-centering hanger rod cap to ensure concentricity between hanger 
rod and support spring coil. 

2.11 SNUBBERS 

A. Description: Factory fabricated using welded structural-steel shapes and plates, 

anchor bolts, and replaceable resilient isolation washers and bushings. 

1. Anchor bolts for attaching to concrete shall be seismic-rated, drill-in, and 

stud-wedge or female-wedge type. 
2. Resilient Isolation Washers and Bushings: Oil- and water-resistant 

neoprene. 
3. Maximum 1/4-inch air gap, and minimum 1/4-inch- thick resilient cushion. 

2.12 RESTRAINT CHANNEL BRACINGS 

A. Description: MFMA-4, shop- or field-fabricated bracing assembly made of 

slotted steel channels with accessories for attachment to braced component at 
one end and to building structure at the other end and other matching 
components and with corrosion-resistant coating; rated in tension, compression, 
and torsion forces. 

http://www.specagent.com/LookUp/?uid=123456867479&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867480&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867481&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867482&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867483&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456867484&mf=04&src=wd
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2.13 RESTRAINT CABLES 

A. Restraint Cables: ASTM A 603 galvanized steel cables. End connections 

made of steel assemblies with thimbles, brackets, swivel, and bolts designed for 
restraining cable service; with a minimum of two clamping bolts for cable 
engagement. 

2.14 SEISMIC-RESTRAINT ACCESSORIES 

A. Hanger-Rod Stiffener: Steel tube or steel slotted-support-system sleeve 
with internally bolted connections or reinforcing steel angle clamped to 
hanger rod. 

B. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings 
designed for rigid equipment mountings and matched to type and size of anchor 
bolts and studs. 

C. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of 
neoprene elements and steel sleeves designed for rigid equipment mountings 
and matched to type and size of attachment devices used. 

D. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-
resistant neoprene, with a flat washer face. 

E. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in 
zinc-coated steel for interior applications and stainless steel for exterior 
applications. Select anchor bolts with strength required for anchor and as tested 
according to ASTM E 488. 

 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved 
for application by an agency acceptable to authorities having jurisdiction. 

B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where required to prevent 
buckling of hanger rods due to seismic forces. 

C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, 
select sizes of components so strength is adequate to carry present and future 
static and seismic loads within specified loading limits. 

3.2 VIBRATION CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION 

A. Coordinate the location of embedded connection hardware with supported 
equipment attachment and mounting points and with requirements for concrete 
reinforcement and formwork specified.  
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B. Installation of vibration isolators must not cause any change of position of 
equipment, piping, or ductwork resulting in stresses or misalignment. 

C. Equipment Restraints: 

1. Install seismic snubbers on HVAC equipment mounted on vibration 
isolators. Locate snubbers as close as possible to vibration isolators and 
bolt to equipment base and supporting structure. 

2. Install resilient bolt isolation washers on equipment anchor bolts where 
clearance between anchor and adjacent surface exceeds 0.125 inch . 

3. Install seismic-restraint devices using methods approved an agency 
acceptable to authorities having jurisdiction that provides required 
submittals for component. 

D. Piping Restraints: 

1. Comply with requirements in MSS SP-127. 

2. Space lateral supports a maximum of 40 feet o.c., and longitudinal 
supports a maximum of 80 feet  o.c. 

3. Brace a change of direction longer than 12 feet . 

E. Install cables so they do not bend across edges of adjacent equipment or 
building structure. 

F. Install seismic-restraint devices using methods approved by an agency 
acceptable to authorities having jurisdiction that provides required 
submittals for component. 

G. Install bushing assemblies for anchor bolts for floor-mounted equipment, 
arranged to provide resilient media between anchor bolt and mounting hole in 
concrete base. 

H. Install bushing assemblies for mounting bolts for wall-mounted equipment, 
arranged to provide resilient media where equipment or equipment-mounting 
channels are attached to wall. 

I. Attachment to Structure: If specific attachment is not indicated, anchor bracing 
to structure at flanges of beams, at upper truss chords of bar joists, or at 
concrete members. 

J. Drilled-in Anchors: 

1. Identify position of reinforcing steel and other embedded items prior to 
drilling holes for anchors. Do not damage existing reinforcing or 
embedded items during coring or drilling. Notify the structural engineer if 
reinforcing steel or other embedded items are encountered during drilling. 
Locate and avoid prestressed tendons, electrical and telecommunications 
conduit, and gas lines. 
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2. Do not drill holes in concrete or masonry until concrete, mortar, or grout 
has achieved full design strength. 

3. Wedge Anchors: Protect threads from damage during anchor installation. 
Heavy-duty sleeve anchors shall be installed with sleeve fully engaged in 
the structural element to which anchor is to be fastened. 

4. Set anchors to manufacturer's recommended torque, using a torque 
wrench. 

5. Install zinc-coated steel anchors for interior and stainless-steel anchors for 
exterior applications. 

3.3 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Install flexible connections in piping where they cross seismic joints, where 
adjacent sections or branches are supported by different structural elements, 
and where the connections terminate with connection to equipment that is 
anchored to a different structural element from the one supporting the 
connections as they approach equipment. 

3.4 ADJUSTING 

A. Adjust isolators after piping system is at operating weight. 

B. Adjust limit stops on restrained-spring isolators to mount equipment at normal 

operating height. After equipment installation is complete, adjust limit stops so 
they are out of contact during normal operation. 

 

END OF SECTION 23 05 48.13 
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SECTION 23 05 53 

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Equipment labels. 
2. Warning signs and labels. 
3. Pipe labels. 
4. Duct labels. 
5. Stencils. 
6. Valve tags. 
7. Warning tags. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Samples:  For color, letter style, and graphic representation required for 
each identification material and device. 

C. Equipment Label Schedule:  Include a listing of all equipment to be labeled 
with the proposed content for each label. 

D. Valve numbering scheme. 

E. Valve Schedules:  For each piping system to include in maintenance 

manuals. 

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion of covering and 
painting of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels 
and doors. 

C. Install identifying devices before installing acoustical ceilings and similar 
concealment. 
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PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Metal Labels for Equipment: 
1. Material and Thickness:  Brass, 0.032-inch (0.8-mm) or Aluminum, 

0.032-inch (0.8-mm) or anodized aluminum, 0.032-inch (0.8-mm) 
minimum thickness and having predrilled or stamped holes for 
attachment hardware. 

2. Minimum Label Size:  Length and width vary for required label content, 
but not less than 2-1/2 by 3/4 inch (64 by 19 mm). 

3. Minimum Letter Size:  1/4 inch (6.4 mm) for name of units if viewing 
distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing 
distances up to 72 inches (1830 mm), and proportionately larger 
lettering for greater viewing distances.  Include secondary lettering 
two-thirds to three-fourths the size of principal lettering. 

4. Fasteners:  Stainless-steel rivets or self-tapping screws. 
5. Adhesive:  Contact-type permanent adhesive, compatible with label 

and with substrate. 

B. Plastic Labels for Equipment: 

1. Material and Thickness:  Multi-layer, multi-color, plastic labels for 
mechanical engraving, 1/16 inch (1.6 mm) or 1/8 inch (3.2 mm) thick, 
and having pre-drilled holes for attachment hardware. 

2. Letter Color:  Black. 
3. Background Color:  White. 
4. Maximum Temperature:  Able to withstand temperatures up to 160 

deg. F (71 deg. C). 
5. Minimum Label Size:  Length and width vary for required label content, 

but not less than 2-1/2 by 3/4 inch (64 by 19 mm). 
6. Minimum Letter Size:  1/4 inch (6.4 mm) for name of units if viewing 

distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing 
distances up to 72 inches (1830 mm), and proportionately larger 
lettering for greater viewing distances.  Include secondary lettering 
two-thirds to three-fourths the size of principal lettering. 

7. Fasteners:  Stainless-steel rivets or self-tapping screws. 
8. Adhesive:  Contact-type permanent adhesive, compatible with label 

and with substrate. 

C. Label Content:  Include equipment's Drawing designation or unique 

equipment number, Drawing numbers where equipment is indicated (plans, 
details, and schedules), plus the Specification Section number and title 
where equipment is specified. 

D. Equipment Label Schedule:  For each item of equipment to be labeled, on 

8-1/2-by-11-inch (A4) bond paper.  Tabulate equipment identification 
number and identify Drawing numbers where equipment is indicated (plans, 
details, and schedules), plus the Specification Section number and title 
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where equipment is specified.  Equipment schedule shall be included in 
operation and maintenance data. 

2.2 WARNING SIGNS AND LABELS 

A. Material and Thickness:  Multi-layer, multi-color, plastic labels for 

mechanical engraving, 1/16 inch (1.6 mm) or 1/8 inch (3.2 mm) thick, and 
having predrilled holes for attachment hardware. 

B. Letter Color:  Black. 

C. Background Color:  Red. 

D. Maximum Temperature:  Able to withstand temperatures up to 160 deg. F 
(71 deg. C). 

E. Minimum Label Size:  Length and width vary for required label content, but 
not less than 2-1/2 by 3/4 inch (64 by 19 mm). 

F. Minimum Letter Size:  1/4 inch (6.4 mm) for name of units if viewing 
distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing 
distances up to 72 inches (1830 mm), and proportionately larger lettering for 
greater viewing distances.  Include secondary lettering two-thirds to three-
fourths the size of principal lettering. 

G. Fasteners:  Stainless-steel rivets or self-tapping screws. 

H. Adhesive:  Contact-type permanent adhesive, compatible with label and 
with substrate. 

I. Label Content:  Include caution and warning information, plus emergency 
notification instructions. 

2.3 PIPE LABELS 

A. General Requirements for Manufactured Pipe Labels:  Pre-printed, color-

coded, with lettering indicating service, and showing flow direction. 

B. Pre-tensioned Pipe Labels:  Pre-coiled, semi-rigid plastic formed to cover 

full circumference of pipe and to attach to pipe without fasteners or 
adhesive. 

C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-
adhesive backing. 

D. Pipe Label Contents:  Include identification of piping service using same 
designations or abbreviations as used on Drawings, pipe size, and an arrow 
indicating flow direction. 
1. Flow-Direction Arrows:  Integral with piping system service lettering to 

accommodate both directions or as separate unit on each pipe label to 
indicate flow direction. 

2. Lettering Size:  At least 1-1/2 inches (38 mm) high. 
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2.4 DUCT LABELS 

A. Material and Thickness:  Multi-layer, multi-color, plastic labels for 

mechanical engraving, 1/16 inch (1.6 mm) or 1/8 inch (3.2 mm) thick, and 
having predrilled holes for attachment hardware. 

B. Letter Color:  Black. 

C. Background Color:  White. 

D. Maximum Temperature:  Able to withstand temperatures up to 160 deg. F 
(71 deg. C). 

E. Minimum Label Size:  Length and width vary for required label content, but 
not less than 2-1/2 by 3/4 inch (64 by 19 mm). 

F. Minimum Letter Size:  1/4 inch (6.4 mm) for name of units if viewing 
distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing 
distances up to 72 inches (1830 mm), and proportionately larger lettering for 
greater viewing distances.  Include secondary lettering two-thirds to three-
fourths the size of principal lettering. 

G. Fasteners:  Stainless-steel rivets or self-tapping screws. 

H. Adhesive:  Contact-type permanent adhesive, compatible with label and 
with substrate. 

I. Duct Label Contents:  Include identification of duct service using same 
designations or abbreviations as used on Drawings, duct size, and an arrow 
indicating flow direction. 
1. Flow-Direction Arrows:  Integral with duct system service lettering to 

accommodate both directions or as separate unit on each duct label to 
indicate flow direction. 

2. Lettering Size:  At least 1-1/2 inches (38 mm) high. 

2.5 STENCILS 

A. Stencils:  Prepared with letter sizes according to ASME A13.1 for piping; 
minimum letter height of 1-1/4 inches (32 mm) for ducts; and minimum letter 
height of 3/4 inch (19 mm) for access panel and door labels, equipment 
labels, and similar operational instructions. 
1. Stencil Material:  Aluminum or Brass. 
2. Stencil Paint:  Exterior, gloss, alkyd enamel or acrylic enamel black 

unless otherwise indicated.  Paint may be in pressurized spray-can 
form. 

3. Identification Paint:  Exterior, alkyd enamel or acrylic enamel in colors 
according to ASME A13.1 unless otherwise indicated. 

2.6 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch (6.4-mm) letters for piping 

system abbreviation and 1/2-inch (13-mm) numbers. 
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1. Tag Material:  Brass, 0.032-inch (0.8-mm) or Aluminum, 0.032-inch 
(0.8-mm) or anodized aluminum, 0.032-inch (0.8-mm) minimum 
thickness, and having predrilled or stamped holes for attachment 
hardware. 

2. Fasteners:  Brass wire-link or beaded chain; or S-hook. 

B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch (A4) bond 

paper.  Tabulate valve number, piping system, system abbreviation (as 
shown on valve tag), location of valve (room or space), normal-operating 
position (open, closed, or modulating), and variations for identification.  
Mark valves for emergency shutoff and similar special uses. 
1. Valve-tag schedule shall be included in operation and maintenance 

data. 

2.7 WARNING TAGS 

A. Warning Tags:  Pre-printed or partially pre-printed, accident-prevention tags, of 

plasticized card stock with matte finish suitable for writing. 
1. Size:  3 by 5-1/4 inches (75 by 133 mm) minimum. 
2. Fasteners:  Reinforced grommet and wire or string. 
3. Nomenclature:  Large-size primary caption such as "DANGER," 

"CAUTION," or "DO NOT OPERATE." 
4. Color:  Yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond 
of identification devices, including dirt, oil, grease, release agents, and 
incompatible primers, paints, and encapsulants. 

3.2 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical 
equipment. 

B. Locate equipment labels where accessible and visible. 

3.3 PIPE LABEL INSTALLATION 

A. Piping Color-Coding:  Painting of piping is specified in Section 099100 
"Painting and Protective Coatings" and Section 099110 "Architectural 
Painting." 

B. Stenciled Pipe Label Option:  Stenciled labels may be provided instead of 

manufactured pipe labels, at Installer's option.  Install stenciled pipe labels 
with painted, color-coded bands or rectangles on each piping system. 
1. Identification Paint:  Use for contrasting background. 
2. Stencil Paint:  Use for pipe marking. 
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C. Locate pipe labels where piping is exposed or above accessible ceilings in 
finished spaces; machine rooms; accessible maintenance spaces such as 
shafts, tunnels, and plenums; and exterior exposed locations as follows: 
1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and 

terminal units.  Where flow pattern is not obvious, mark each pipe at 
branch. 

3. Near penetrations through walls, floors, ceilings, and inaccessible 
enclosures. 

4. At access doors, manholes, and similar access points that permit view 
of concealed piping. 

5. Near major equipment items and other points of origination and 
termination. 

6. Spaced at maximum intervals of 50 feet (15 m) along each run.  
Reduce intervals to 25 feet (7.6 m) in areas of congested piping and 
equipment. 

7. On piping above removable acoustical ceilings.  Omit intermediately 
spaced labels. 

D. Pipe Label Color Schedule: 
1. Refrigerant Piping: 

a. Background Color:  Yellow. 
b. Letter Color:  Black. 

3.4 DUCT LABEL INSTALLATION 

A. Install plastic-laminated or self-adhesive duct labels with permanent 

adhesive on air ducts in the following color codes: 
1. Blue:  For cold-air supply ducts. 
2. Yellow:  For hot-air supply ducts. 
3. Green:  For exhaust-, outside-, relief-, return-, and mixed-air ducts. 
4. ASME A13.1 Colors and Designs:  For hazardous material exhaust. 

B. Stenciled Duct Label Option:  Stenciled labels, showing service and flow 

direction may be provided instead of plastic-laminated duct labels, at 
Installer's option, if lettering larger than 1 inch (25 mm) high is needed for 
proper identification because of distance from normal location of required 
identification. 

C. Locate labels near points where ducts enter into concealed spaces and at 
maximum intervals of 50 feet (15 m) in each space where ducts are 
exposed or concealed by removable ceiling system. 

3.5 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check 
valves; valves within factory-fabricated equipment units; shutoff valves; 
faucets; convenience and lawn-watering hose connections; and HVAC 
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terminal devices and similar roughing-in connections of end-use fixtures and 
units.  List tagged valves in a valve schedule. 

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and 
color scheme and with captions similar to those indicated in the following 
subparagraphs: 
1. Valve-Tag Size and Shape: 

a. Refrigerant:  2 inches (50 mm), square. 
2. Valve-Tag Color: 

a. Refrigerant:  Natural. 
3. Letter Color: 

a. Refrigerant:  Black. 
 

3.6 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and 

other items where required. 

END OF SECTION 230553 
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SECTION 23 05 93 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Balancing Air Systems: 

a. Constant-volume air systems. 
b. Variable air volume systems.  

1.3 DEFINITIONS 

A. AABC:  Associated Air Balance Council. 

B. NEBB:  National Environmental Balancing Bureau. 

C. TAB:  Testing, adjusting, and balancing. 

D. TABB:  Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist:  An entity engaged to perform TAB Work. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  Within 30 days of Contractor's Notice to Proceed, 

submit documentation that the TAB contractor and this Project's TAB team 
members meet the qualifications specified in "Quality Assurance" Article. 

B. Contract Documents Examination Report:  Within 30 days of Contractor's 
Notice to Proceed, submit the Contract Documents review report as 
specified in Part 3. 

C. Strategies and Procedures Plan:  Within 30 days of Contractor's Notice to 

Proceed, submit TAB strategies and step-by-step procedures as specified in 
"Preparation" Article. 

D. Certified TAB reports. 

E. Sample report forms. 

F. Instrument calibration reports, to include the following: 
1. Instrument type and make. 
2. Serial number. 
3. Application. 
4. Dates of use. 
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5. Dates of calibration. 
1.5 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC, or 
TABB. 
1. TAB Field Supervisor:  Employee of the TAB contractor and certified 

by AABC or TABB. 
2. TAB Technician:  Employee of the TAB contractor and who is certified 

by AABC or TABB as a TAB technician. 

B. TAB Conference:  Meet with Owner on approval of the TAB strategies and 
procedures plan to develop a mutual understanding of the details.  Require 
the participation of the TAB field supervisor and technicians.  Provide seven 
days' advance notice of scheduled meeting time and location. 
1. Agenda Items: 

a. The Contract Documents examination report. 
b. The TAB plan. 
c. Coordination and cooperation of trades and subcontractors. 
d. Coordination of documentation and communication flow. 

C. Certify TAB field data reports and perform the following: 

1. Review field data reports to validate accuracy of data and to prepare 
certified TAB reports. 

2. Certify that the TAB team complied with the approved TAB plan and 
the procedures specified and referenced in this Specification. 

D. TAB Report Forms:  Use standard TAB contractor's forms approved by 
Owner. 

E. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in 
ASHRAE 111, Section 5, "Instrumentation." 

F. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, 
Section 7.2.2 - "Air Balancing." 

G. ASHRAE/IESNA Compliance:  Applicable requirements in 
ASHRAE/IESNA 90.1, Section 6.7.2.3 - "System Balancing." 

1.6 PROJECT CONDITIONS 

A. Full Owner Occupancy:  Owner will occupy the site and existing building 

during entire TAB period.  Cooperate with Owner during TAB operations to 
minimize conflicts with Owner's operations. 

B. Partial Owner Occupancy:  Owner may occupy completed areas of building 
before Substantial Completion.  Cooperate with Owner during TAB 
operations to minimize conflicts with Owner's operations. 

1.7 COORDINATION 

A. Notice:  Provide seven days' advance notice for each test.  Include 
scheduled test dates and times. 
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B. Perform TAB after leakage and pressure tests on air distribution systems 

have been satisfactorily completed. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 TAB SPECIALISTS 

A. Subject to compliance with requirements, to be selected by Owner. 
3.2 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project 

requirements and to discover conditions in systems' designs that may 
preclude proper TAB of systems and equipment. 

B. Examine systems for installed balancing devices, such as test ports, gage 
cocks, thermometer wells, flow-control devices, balancing valves and 
fittings, and manual volume dampers.  Verify that locations of these 
balancing devices are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data including HVAC system descriptions, statements of 

design assumptions for environmental conditions and systems' output, and 
statements of philosophies and assumptions about HVAC system and 
equipment controls. 

E. Examine ceiling plenums and underfloor air plenums used for supply, return, 

or relief air to verify that they meet the leakage class of connected ducts as 
specified in Section 233113 "Metal Ducts" and are properly separated from 
adjacent areas.  Verify that penetrations in plenum walls are sealed and fire-
stopped if required. 

F. Examine equipment performance data including fan and pump curves. 
1. Relate performance data to Project conditions and requirements, 

including system effects that can create undesired or unpredicted 
conditions that cause reduced capacities in all or part of a system. 

2. Calculate system-effect factors to reduce performance ratings of HVAC 
equipment when installed under conditions different from the 
conditions used to rate equipment performance.  To calculate system 
effects for air systems, use tables and charts found in AMCA 201, 
"Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."  
Compare results with the design data and installed conditions. 

G. Examine system and equipment installations and verify that field quality-
control testing, cleaning, and adjusting specified in individual Sections have 
been performed. 

H. Examine test reports specified in individual system and equipment Sections. 
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I. Examine HVAC equipment and filters and verify that bearings are greased, 
belts are aligned and tight, and equipment with functioning controls is ready 
for operation. 

J. Examine terminal units, such as variable-air-volume boxes, and verify that 
they are accessible and their controls are connected and functioning. 

K. Examine three-way valves for proper installation for their intended function 
of diverting or mixing fluid flows. 

L. Examine heat-transfer coils for correct piping connections and for clean and 
straight fins. 

M. Examine operating safety interlocks and controls on HVAC equipment. 
N. Report deficiencies discovered before and during performance of TAB 

procedures.  Observe and record system reactions to changes in 
conditions.  Record default set points if different from indicated values. 

3.3 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 

B. Complete system-readiness checks and prepare reports.  Verify the 

following: 
1. Permanent electrical-power wiring is complete. 
2. Automatic temperature-control systems are operational. 
3. Equipment and duct access doors are securely closed. 
4. Balance, smoke, and fire dampers are open. 
5. Isolating and balancing valves are open and control valves are 

operational. 
6. Ceilings are installed in critical areas where air-pattern adjustments are 

required and access to balancing devices is provided. 
7. Windows and doors can be closed so indicated conditions for system 

operations can be met. 
3.4 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the 
procedures contained in AABC's "National Standards for Total System 
Balance" or SMACNA's "HVAC Systems - Testing, Adjusting, and 
Balancing" and in this Section. 
1. Comply with requirements in ASHRAE 62.1, Section 7.2.2 - "Air 

Balancing." 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test 
probes to the minimum extent necessary for TAB procedures. 
1. After testing and balancing, patch probe holes in ducts with same 

material and thickness as used to construct ducts. 
2. After testing and balancing, install test ports and duct access doors 

that comply with requirements in Section 233300 "Air Duct 
Accessories." 
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3. Install and join new insulation that matches removed materials.  
Restore insulation, coverings, vapor barrier, and finish according to 
Section 230713 "Duct Insulation". 

C. Mark equipment and balancing devices, including damper-control positions, 
valve position indicators, fan-speed-control levers, and similar controls and 
devices, with paint or other suitable, permanent identification material to 
show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) 

units. 
3.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet 
factors and recommended testing procedures.  Crosscheck the summation 
of required outlet volumes with required fan volumes. 

B. Prepare schematic diagrams of systems' "as-built" duct layouts. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 

D. Determine the best locations in main and branch ducts for accurate duct-

airflow measurements. 

E. Check airflow patterns from the outdoor-air louvers and dampers and the 

return- and exhaust-air dampers through the supply-fan discharge and 
mixing dampers. 

F. Locate start-stop and disconnect switches, electrical interlocks, and motor 
starters. 

G. Verify that motor starters are equipped with properly sized thermal 
protection. 

H. Check dampers for proper position to achieve desired airflow path. 

I. Check for airflow blockages. 

J. Check condensate drains for proper connections and functioning. 

K. Check for proper sealing of air-handling-unit components. 

L. Verify that air duct system is sealed as specified in Section 233113 "Metal 
Ducts." 

3.6 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable 

fan speed listed by fan manufacturer. 
1. Measure total airflow. 

a. Where sufficient space in ducts is unavailable for Pitot-tube 
traverse measurements, measure airflow at terminal outlets and 
inlets and calculate the total airflow. 
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2. Measure fan static pressures as follows to determine actual static 
pressure: 
a. Measure outlet static pressure as far downstream from the fan as 

practical and upstream from restrictions in ducts such as elbows 
and transitions. 

b. Measure static pressure directly at the fan outlet or through the 
flexible connection. 

c. Measure inlet static pressure of single-inlet fans in the inlet duct 
as near the fan as possible, upstream from the flexible 
connection, and downstream from duct restrictions. 

d. Measure inlet static pressure of double-inlet fans through the wall 
of the plenum that houses the fan. 

3. Measure static pressure across each component that makes up an air-
handling unit, rooftop unit, and other air-handling and -treating 
equipment. 
a. Report the cleanliness status of filters and the time static 

pressures are measured. 
4. Measure static pressures entering and leaving other devices, such as 

sound traps, heat-recovery equipment, and air washers, under final 
balanced conditions. 

5. Review Record Documents to determine variations in design static 
pressures versus actual static pressures.  Calculate actual system-
effect factors.  Recommend adjustments to accommodate actual 
conditions. 

6. Obtain approval from Owner for adjustment of fan speed higher or 
lower than indicated speed.  Comply with requirements in HVAC 
Sections for air-handling units for adjustment of fans, belts, and pulley 
sizes to achieve indicated air-handling-unit performance. 

7. Do not make fan-speed adjustments that result in motor overload.  
Consult equipment manufacturers about fan-speed safety factors.  
Modulate dampers and measure fan-motor amperage to ensure that 
no overload will occur.  Measure amperage in full-cooling, full-heating, 
economizer, and any other operating mode to determine the maximum 
required brake horsepower. 

B. Adjust volume dampers for main duct, sub-main ducts, and major branch 
ducts to indicated airflows within specified tolerances. 
1. Measure airflow of sub-main and branch ducts. 

a. Where sufficient space in sub-main and branch ducts is 
unavailable for Pitot-tube traverse measurements, measure 
airflow at terminal outlets and inlets and calculate the total airflow 
for that zone. 

2. Measure static pressure at a point downstream from the balancing 
damper, and adjust volume dampers until the proper static pressure is 
achieved. 
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3. Re-measure each sub-main and branch duct after all have been 
adjusted.  Continue to adjust sub-main and branch ducts to indicated 
airflows within specified tolerances. 

C. Measure air outlets and inlets without making adjustments. 
1. Measure terminal outlets using a direct-reading hood or outlet 

manufacturer's written instructions and calculating factors. 

D. Adjust air outlets and inlets for each space to indicated airflows within 
specified tolerances of indicated values.  Make adjustments using branch 
volume dampers rather than extractors and the dampers at air terminals. 
1. Adjust each outlet in same room or space to within specified tolerances 

of indicated quantities without generating noise levels above the 
limitations prescribed by the Contract Documents. 

2. Adjust patterns of adjustable outlets for proper distribution without 
drafts. 

3.7 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the 

following data: 
1. Manufacturer's name, model number, and serial number. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation 
at speeds varying from minimum to maximum.  Test the manual bypass of 
the controller to prove proper operation.  Record observations including 
name of controller manufacturer, model number, serial number, and 
nameplate data. 

3.8 PROCEDURES FOR CONDENSING UNITS 

A. Verify proper rotation of fans. 

B. Measure entering- and leaving-air temperatures. 

C. Record compressor data. 
3.9 TOLERANCES 

A. Set HVAC system's air flow rates and water flow rates within the following 
tolerances: 
1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or 

minus 10 percent. 
2. Air Outlets and Inlets:  Plus or minus 10 percent. 
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3.10 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of the Contract 

Documents as specified in "Examination" Article, prepare a report on the 
adequacy of design for systems' balancing devices.  Recommend changes 
and additions to systems' balancing devices to facilitate proper performance 
measuring and balancing.  Recommend changes and additions to HVAC 
systems and general construction to allow access for performance 
measuring and balancing devices. 

B. Status Reports:  Prepare weekly progress reports to describe completed 
procedures, procedures in progress, and scheduled procedures.  Include a 
list of deficiencies and problems found in systems being tested and 
balanced.  Prepare a separate report for each system and each building 
floor for systems serving multiple floors. 

3.11 FINAL REPORT 

A. General:  Prepare a certified written report; tabulate and divide the report 
into separate sections for tested systems and balanced systems. 
1. Include a certification sheet at the front of the report's binder, signed 

and sealed by the certified testing and balancing engineer. 
2. Include a list of instruments used for procedures, along with proof of 

calibration. 

B. Final Report Contents:  In addition to certified field-report data, include the 
following: 
1. Fan curves. 
2. Manufacturers' test data. 
3. Field test reports prepared by system and equipment installers. 
4. Other information relative to equipment performance; do not include 

Shop Drawings and product data. 

C. General Report Data:  In addition to form titles and entries, include the 

following data: 
1. Title page. 
2. Name and address of the TAB contractor. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB supervisor who certifies the report. 
10. Table of Contents with the total number of pages defined for each 

section of the report.  Number each page in the report. 
11. Summary of contents including the following: 

a. Indicated versus final performance. 
b. Notable characteristics of systems. 
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c. Description of system operation sequence if it varies from the 
Contract Documents. 

12. Nomenclature sheets for each item of equipment. 
13. Data for terminal units, including manufacturer's name, type, size, and 

fittings. 
14. Notes to explain why certain final data in the body of reports vary from 

indicated values. 
15. Test conditions for fans and pump performance forms including the 

following: 
a. Settings for outdoor-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Face and bypass damper settings at coils. 
e. Fan drive settings including settings and percentage of maximum 

pitch diameter. 
f. Inlet vane settings for variable-air-volume systems. 
g. Settings for supply-air, static-pressure controller. 
h. Other system operating conditions that affect performance. 

D. System Diagrams:  Include schematic layouts of air distribution systems.  
Present each system with single-line diagram and include the following: 
1. Quantities of outdoor, supply, return, and exhaust airflows. 
2. Duct, outlet, and inlet sizes. 
3. Pipe and valve sizes and locations. 
4. Terminal units. 
5. Balancing stations. 
6. Position of balancing devices. 

E. Air-Handling-Unit Test Reports:  For air-handling units with coils, include the 
following: 
1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Unit arrangement and class. 
g. Discharge arrangement. 
h. Sheave make, size in inches (mm), and bore. 
i. Center-to-center dimensions of sheave, and amount of 

adjustments in inches (mm). 
j. Number, make, and size of belts. 
k. Number, type, and size of filters. 

2. Motor Data: 
a. Motor make, and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
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d. Full-load amperage and service factor. 
e. Sheave make, size in inches (mm), and bore. 
f. Center-to-center dimensions of sheave, and amount of 

adjustments in inches (mm). 
3. Test Data (Indicated and Actual Values): 

a. Total air flow rate in cfm (L/s). 
b. Total system static pressure in inches wg (Pa). 
c. Fan rpm. 
d. Discharge static pressure in inches wg (Pa). 
e. Filter static-pressure differential in inches wg (Pa). 
f. Preheat-coil static-pressure differential in inches wg (Pa). 
g. Cooling-coil static-pressure differential in inches wg (Pa). 
h. Heating-coil static-pressure differential in inches wg (Pa). 
i. Outdoor airflow in cfm (L/s). 
j. Return airflow in cfm (L/s). 
k. Outdoor-air damper position. 
l. Return-air damper position. 
m. Vortex damper position. 

F. Apparatus-Coil Test Reports: 
1. Coil Data: 

a. System identification. 
b. Location. 
c. Coil type. 
d. Number of rows. 
e. Fin spacing in fins per inch (mm) o.c. 
f. Make and model number. 
g. Face area in sq. ft. (sq. m). 
h. Tube size in NPS (DN). 
i. Tube and fin materials. 
j. Circuiting arrangement. 

2. Test Data (Indicated and Actual Values): 
a. Air flow rate in cfm (L/s). 
b. Average face velocity in fpm (m/s). 
c. Air pressure drop in inches wg (Pa). 
d. Outdoor-air, wet- and dry-bulb temperatures in deg. F (deg. C). 
e. Return-air, wet- and dry-bulb temperatures in deg. F (deg. C). 
f. Entering-air, wet- and dry-bulb temperatures in deg. F (deg. C). 
g. Leaving-air, wet- and dry-bulb temperatures in deg. F (deg. C). 
h. Refrigerant expansion valve and refrigerant types. 
i. Refrigerant suction pressure in psig (kPa). 
j. Refrigerant suction temperature in deg. F (deg. C). 
k. Inlet steam pressure in psig (kPa). 

G. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a 
diagram with a grid representing the duct cross-section and record the 
following: 
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1. Report Data: 
a. System and air-handling-unit number. 
b. Location and zone. 
c. Traverse air temperature in deg. F (deg. C). 
d. Duct static pressure in inches wg (Pa). 
e. Duct size in inches (mm). 
f. Duct area in sq. ft. (sq. m). 
g. Indicated air flow rate in cfm (L/s). 
h. Indicated velocity in fpm (m/s). 
i. Actual air flow rate in cfm (L/s). 
j. Actual average velocity in fpm (m/s). 
k. Barometric pressure in psig (Pa). 

H. Instrument Calibration Reports: 
1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 

3.12 INSPECTIONS 

A. Initial Inspection: 
1. After testing and balancing are complete, operate each system and 

randomly check measurements to verify that the system is operating 
according to the final test and balance readings documented in the 
final report. 

2. Check the following for each system: 
a. Measure airflow of at least 10 percent of air outlets. 
b. Measure room temperature at each thermostat/temperature 

sensor.  Compare the reading to the set point. 
c. Verify that balancing devices are marked with final balance 

position. 
d. Note deviations from the Contract Documents in the final report. 

B. Final Inspection: 
1. After initial inspection is complete and documentation by random 

checks verifies that testing and balancing are complete and accurately 
documented in the final report, request that a final inspection be made 
by Owner. 

2. The TAB contractor's test and balance engineer shall conduct the 
inspection in the presence of Owner. 

3. Owner shall randomly select measurements, documented in the final 
report, to be rechecked.  Rechecking shall be limited to either 10 
percent of the total measurements recorded or the extent of 
measurements that can be accomplished in a normal 8-hour business 
day. 
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4. If rechecks yield measurements that differ from the measurements 
documented in the final report by more than the tolerances allowed, 
the measurements shall be noted as "FAILED." 

5. If the number of "FAILED" measurements is greater than 10 percent of 
the total measurements checked during the final inspection, the testing 
and balancing shall be considered incomplete and shall be rejected. 

C. TAB Work will be considered defective if it does not pass final inspections.  
If TAB Work fails, proceed as follows: 
1. Recheck all measurements and make adjustments.  Revise the final 

report and balancing device settings to include all changes; resubmit 
the final report and request a second final inspection. 

2. If the second final inspection also fails, Owner may contract the 
services of another TAB contractor to complete TAB Work according to 
the Contract Documents and deduct the cost of the services from the 
original TAB contractor's final payment. 

D. Prepare test and inspection reports. 

3.13 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional TAB to verify that 

balanced conditions are being maintained throughout and to correct unusual 
conditions. 

B. Seasonal Periods:  If initial TAB procedures were not performed during 
near-peak summer and winter conditions, perform additional TAB during 
near-peak summer and winter conditions. 

END OF SECTION 23 05 93 
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SECTION 23 07 13 

DUCT INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section includes insulating the following duct services: 
1. Indoor, concealed supply and outdoor air. 
2. Indoor, exposed supply and outdoor air. 
3. Indoor, concealed return located in unconditioned space. 
4. Indoor, exposed return located in unconditioned space. 
5. Indoor, concealed exhaust between isolation damper and penetration 

of building exterior. 
6. Indoor, exposed exhaust between isolation damper and penetration of 

building exterior. 
7. Outdoor, concealed supply and return. 
8. Outdoor, exposed supply and return. 

B. Related Sections: 

1. Section 230719 "HVAC Piping Insulation." 
2. Section 233113 "Metal Ducts" for duct liners. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal 

conductivity, water-vapor permeance thickness, and jackets (both factory- 
and field-applied if any). 

B. Shop Drawings:  Include plans, elevations, sections, details, and 
attachments to other work. 
1. Detail application of protective shields, saddles, and inserts at hangers 

for each type of insulation and hanger. 
2. Detail insulation application at elbows, fittings, dampers, specialties 

and flanges for each type of insulation. 
3. Detail application of field-applied jackets. 
4. Detail application at linkages of control devices. 

C. Samples:  For each type of insulation and jacket indicated.  Identify each 
Sample, describing product and intended use.  Sample sizes are as follows: 
1. Sheet Form Insulation Materials:  12 inches (300 mm) square. 
2. Sheet Jacket Materials:  12 inches (300 mm) square. 
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3. Manufacturer's Color Charts:  For products where color is specified, 
show the full range of colors available for each type of finish material. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Material Test Reports:  From a qualified testing agency acceptable to 
authorities having jurisdiction indicating, interpreting, and certifying test 
results for compliance of insulation materials, sealers, attachments, 
cements, and jackets, with requirements indicated.  Include dates of tests 
and test methods employed. 

C. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed 

an apprenticeship program or another craft training program certified by the 
Department of Labor, Bureau of Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as 
determined by testing identical products according to ASTM E 84, by a 
testing agency acceptable to authorities having jurisdiction.  Factory label 
insulation and jacket materials and adhesive, mastic, tapes, and cement 
material containers, with appropriate markings of applicable testing agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and 

smoke-developed index of 50 or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and 

smoke-developed index of 150 or less. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer 
with appropriate ASTM standard designation, type and grade, and 
maximum use temperature. 

1.7 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields 
specified in Section 230529 "Hangers and Supports for HVAC Piping and 
Equipment." 

B. Coordinate clearance requirements with duct Installer for duct insulation 

application.  Before preparing ductwork Shop Drawings, establish and 
maintain clearance requirements for installation of insulation and field-
applied jackets and finishes and for space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 
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1.8 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where 
required, after installing and testing heat tracing.  Insulation application may 
begin on segments that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as 

possible in each area of construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor 
Duct and Plenum Insulation Schedule," and "Aboveground, Outdoor Duct 
and Plenum Insulation Schedule" articles for where insulating materials 
shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable 

chloride content of less than 50 ppm when tested according to 
ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as 
acceptable according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber 
materials.  Comply with ASTM C 534, Type II for sheet materials. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Aeroflex USA, Inc.; Aerocel. 
b. Armacell LLC; AP Armaflex. 
c. K-Flex USA; Insul-Sheet, K-Flex Gray Duct Liner, and K-

FLEX LS. 

G. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a 

thermosetting resin.  Comply with ASTM C 553, Type II and ASTM C 1290, 
Type III with factory-applied FSK jacket.  Factory-applied jacket 
requirements are specified in "Factory-Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. CertainTeed Corp.; SoftTouch Duct Wrap. 
b. Johns Manville; Microlite. 
c. Knauf Insulation; Friendly Feel Duct Wrap. 
d. Manson Insulation Inc.; Alley Wrap. 

http://www.specagent.com/LookUp/?ulid=3062&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825834&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825835&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825836&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825836&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3063&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825837&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825838&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825839&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825840&mf=04&src=wd
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e. Owens Corning; SOFTR All-Service Duct Wrap. 

H. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a 

thermosetting resin.  Comply with ASTM C 612, Type IA or Type IB.  For 
duct and plenum applications, provide insulation with factory-applied FSK 
jacket.  Factory-applied jacket requirements are specified in "Factory-
Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. CertainTeed Corp.; Commercial Board. 
b. Fibrex Insulations Inc.; FBX. 
c. Johns Manville; 800 Series Spin-Glas. 
d. Knauf Insulation; Insulation Board. 
e. Manson Insulation Inc.; AK Board. 
f. Owens Corning; Fiberglas 700 Series. 

I. Mineral-Fiber, Pipe and Tank Insulation:  Mineral or glass fibers bonded with 

a thermosetting resin.  Semi-rigid board material with factory-applied ASJ 
complying with ASTM C 1393, Type II or Type IIIA Category 2, or with 
properties similar to ASTM C 612, Type IB.  Nominal density is 2.5 lb/cu. ft. 
(40 kg/cu. m) or more.  Thermal conductivity (k-value) at 100 deg. F (55 
deg. C) is 0.29 Btu x in. /h x sq. ft. x deg. F (0.042 W/m x K) or less.  
Factory-applied jacket requirements are specified in "Factory-Applied 
Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. CertainTeed Corp.; CrimpWrap. 
b. Johns Manville; MicroFlex. 
c. Knauf Insulation; Pipe and Tank Insulation. 
d. Manson Insulation Inc.; AK Flex. 
e. Owens Corning; Fiberglas Pipe and Tank Insulation. 

2.2 FIRE-RATED INSULATION SYSTEMS 

A. Fire-Rated Board:  Structural-grade, press-molded, xonolite calcium silicate, 
fireproofing board suitable for operating temperatures up to 1700 deg. F 
(927 deg. C).  Comply with ASTM C 656, Type II, Grade 6.  Tested and 
certified to provide a 1-hour fire rating by an NRTL acceptable to authorities 
having jurisdiction. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Johns Manville; Super Firetemp M. 

http://www.specagent.com/LookUp/?uid=123456825841&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3064&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825842&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825843&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825844&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825845&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825846&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825847&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3065&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825848&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825849&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825850&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825851&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825852&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3067&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825856&mf=04&src=wd
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B. Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with FSK 

jacket that is tested and certified to provide a 1-hour fire rating by an NRTL 
acceptable to authorities having jurisdiction. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. CertainTeed Corp.; FlameChek. 
b. Johns Manville; Firetemp Wrap. 
c. Nelson Fire Stop Products; Nelson FSB Flameshield Blanket. 
d. Thermal Ceramics; FireMaster Duct Wrap. 
e. 3M; Fire Barrier Wrap Products. 
f. Unifrax Corporation; FyreWrap. 

2.3  ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and 

substrates and for bonding insulation to itself and to surfaces to be insulated 
unless otherwise indicated. 

B. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, 
Type II, Class I. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Aeroflex USA, Inc.; Aeroseal. 
b. Armacell LLC; Armaflex 520 Adhesive. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 85-75.K-Flex USA; R-373 Contact 
Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

C. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 

1. Products:  Subject to compliance with requirements, available products 
that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-127.Eagle Bridges - Marathon 
Industries; 225. 

b. Foster Brand, Specialty Construction Brands, Inc., a business of 
H. B. Fuller Company; 85-60/85-70.Mon-Eco Industries, Inc.; 22-
25. 

http://www.specagent.com/LookUp/?ulid=3068&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825857&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825858&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825859&mf=04&src=wd
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2. For indoor applications, adhesive shall have a VOC content of 80 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

D. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, 

Class 2, Grade A for bonding insulation jacket lap seams and joints. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-82. 
b. Eagle Bridges - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 85-50.Mon-Eco Industries, Inc.; 22-25. 
2. For indoor applications, adhesive shall have a VOC content of 50 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

E. PVC Jacket Adhesive:  Compatible with PVC jacket. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Dow Corning Corporation; 739, Dow Silicone. 
b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding 

Adhesive. 
c. P.I.C. Plastics, Inc.; Welding Adhesive. 
d. Speedline Corporation; Polyco VP Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and 

substrates; comply with MIL-PRF-19565C, Type II. 
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1. For indoor applications, use mastics that have a VOC content of 50 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient 
services. 

1. Products:  Subject to compliance with requirements, available products 
that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 30-80/30-90. 
b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 
perm (0.009 metric perm) at 43-mil (1.09-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg. F (Minus 29 
to plus 82 deg. C). 

4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent 
by weight. 

5. Color:  White. 

C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below 
ambient services. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-30. 
b. Eagle Bridges - Marathon Industries; 501. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 30-35. 
d. Mon-Eco Industries, Inc.; 55-10. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.03 metric 
perm) at 35-mil (0.9-mm) dry film thickness. 

3. Service Temperature Range:  0 to 180 deg. F (Minus 18 to plus 82 
deg. C). 

4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent 
by weight. 

5. Color:  White. 

D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below 
ambient services. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; Encacel. 
b. Eagle Bridges - Marathon Industries; 570. 
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c. Foster Brand, Specialty Construction Brands, Inc., a business of 
H. B. Fuller Company; 60-95/60-96. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.033 metric 
perm) at 30-mil (0.8-mm) dry film thickness. 

3. Service Temperature Range:  Minus 50 to plus 220 deg. F (Minus 46 
to plus 104 deg. C). 

4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent 
by weight. 

5. Color:  White. 

E. Breather Mastic:  Water based; suitable for indoor and outdoor use on 

above ambient services. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-10. 
b. Eagle Bridges - Marathon Industries; 550. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 46-50. 
d. Mon-Eco Industries, Inc.; 55-50. 
e. Vimasco Corporation; WC-1/WC-5. 

2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms (1.2 metric perms) 
at 0.0625-inch (1.6-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg. F (Minus 29 
to plus 82 deg. C). 

4. Solids Content:  60 percent by volume and 66 percent by weight. 
5. Color:  White. 

2.5 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-76.Eagle Bridges - Marathon 
Industries; 405. 

b. Foster Brand, Specialty Construction Brands, Inc., a business of 
H. B. Fuller Company; 95-44. 

c. Mon-Eco Industries, Inc.; 44-05. 
2. Materials shall be compatible with insulation materials, jackets, and 

substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg. F (Minus 40 

to plus 121 deg. C). 
5. Color:  Aluminum. 
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6. For indoor applications, sealants shall have a VOC content of 420 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

7. Sealants shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

B. ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products 
that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-76. 
2. Materials shall be compatible with insulation materials, jackets, and 

substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg. F (Minus 40 

to plus 121 deg. C). 
5. Color:  White. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

7. Sealants shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

2.6 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless 

otherwise indicated. 

B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with Kraft-

paper backing. 

C. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with 

ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for 
shop or field cutting and forming.  Thickness is indicated in field-applied 
jacket schedules. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Johns Manville; Zeston. 
b. P.I.C. Plastics, Inc.; FG Series. 
c. Proto Corporation; LoSmoke. 
d. Speedline Corporation; SmokeSafe. 

2. Adhesive:  As recommended by jacket material manufacturer. 
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3. Color:  White. 

D. Metal Jacket: 

1. Products:  Subject to compliance with requirements, available products 
that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; Metal Jacketing Systems. 
b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 
c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), 
Alloy 3003, 3005, 3105, or 5005, Temper H-14. 
a. Sheet and roll stock ready for shop or field sizing or Factory cut 

and rolled to size. 
b. Finish and thickness are indicated in field-applied jacket 

schedules. 
c. Moisture Barrier for Indoor Applications:  1-mil- (0.025-mm-) thick, 

heat-bonded polyethylene and Kraft paper 
d. Moisture Barrier for Outdoor Applications:  3-mil- (0.075-mm-) 

thick, heat-bonded polyethylene and Kraft paper. 

E. Self-Adhesive Outdoor Jacket:  60-mil- (1.5-mm-) thick, laminated vapor 

barrier and waterproofing membrane for installation over insulation located 
aboveground outdoors; consisting of a rubberized bituminous resin on a 
cross-laminated polyethylene film covered with white or stucco-embossed 
aluminum-foil facing. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Polyguard Products, Inc.; Alumaguard 60. 

2.7 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with 

acrylic adhesive, complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. ABI, Ideal Tape Division; 428 AWF ASJ. 
b. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0836. 
c. Compac Corporation; 104 and 105. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW 

Plus/SQ. 
2. Width:  3 inches (75 mm). 
3. Thickness:  11.5 mils (0.29 mm). 
4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 
5. Elongation:  2 percent. 
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6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket 

with acrylic adhesive; complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. ABI, Ideal Tape Division; 491 AWF FSK. 
b. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0827. 
c. Compac Corporation; 110 and 111. 
d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches (75 mm). 
3. Thickness:  6.5 mils (0.16 mm). 
4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 

C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket 
with acrylic adhesive; suitable for indoor and outdoor applications. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. ABI, Ideal Tape Division; 370 White PVC tape. 
b. Compac Corporation; 130. 
c. Venture Tape; 1506 CW NS. 

2. Width:  2 inches (50 mm). 
3. Thickness:  6 mils (0.15 mm). 
4. Adhesion:  64 ounces force/inch (0.7 N/mm) in width. 
5. Elongation:  500 percent. 
6. Tensile Strength:  18 lbf/inch (3.3 N/mm) in width. 

D. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive. 

1. Products:  Subject to compliance with requirements, available products 
that may be incorporated into the Work include, but are not limited to, 
the following: 
a. ABI, Ideal Tape Division; 488 AWF. 
b. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0800. 
c. Compac Corporation; 120. 
d. Venture Tape; 3520 CW. 

2. Width:  2 inches (50 mm). 
3. Thickness:  3.7 mils (0.093 mm). 
4. Adhesion:  100 ounces force/inch (1.1 N/mm) in width. 
5. Elongation:  5 percent. 
6. Tensile Strength:  34 lbf/inch (6.2 N/mm) in width. 
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2.8 SECUREMENTS 

A. Bands: 

1. Products:  Subject to compliance with requirements, available products 
that may be incorporated into the Work include, but are not limited to, 
the following: 
a. ITW Insulation Systems; Gerrard Strapping and Seals. 
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and springs. 

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or 
Type 316; 0.015 inch (0.38 mm) thick, 3/4 inch (19 mm) wide with wing 
seal or closed seal. 

3. Aluminum:  ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 
5005; Temper H-14, 0.020 inch (0.51 mm) thick, 3/4 inch (19 mm) wide 
with wing seal or closed seal. 

4. Springs:  Twin spring set constructed of stainless steel with ends flat 
and slotted to accept metal bands.  Spring size determined by 
manufacturer for application. 

B. Insulation Pins and Hangers: 
1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully 

annealed for capacitor-discharge welding, 0.106-inch- (2.6-mm-) or 
0.135-inch- (3.5-mm-) diameter shank, length to suit depth of insulation 
indicated. 
a. Products:  Subject to compliance with requirements, available 

products that may be incorporated into the Work include, but are 
not limited to, the following: 
1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; CD. 
3) Midwest Fasteners, Inc.; CD. 
4) Nelson Stud Welding; TPA, TPC, and TPS. 

2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-
coated steel pin, fully annealed for capacitor-discharge welding, 0.106-
inch- (2.6-mm-) or 0.135-inch- (3.5-mm-) diameter shank, length to suit 
depth of insulation indicated with integral 1-1/2-inch (38-mm) 
galvanized carbon-steel washer. 
a. Products:  Subject to compliance with requirements, available 

products that may be incorporated into the Work include, but are 
not limited to, the following: 
1) AGM Industries, Inc.; CHP-1. 
2) GEMCO; Cupped Head Weld Pin. 
3) Midwest Fasteners, Inc.; Cupped Head. 
4) Nelson Stud Welding; CHP. 

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  
Baseplate welded to projecting spindle that is capable of holding 
insulation, of thickness indicated, and securely in position indicated 
when self-locking washer is in place.  Comply with the following 
requirements: 
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a. Products:  Subject to compliance with requirements, available 
products that may be incorporated into the Work include, but are 
not limited to, the following: 
1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers. 
2) GEMCO; Perforated Base. 
3) Midwest Fasteners, Inc.; Spindle. 

b. Baseplate:  Perforated, galvanized carbon-steel sheet, 0.030 inch 
(0.76 mm) thick by 2 inches (50 mm) square. 

c. Spindle:  Copper- or zinc-coated, low-carbon steel or Aluminum, 
fully annealed, 0.106-inch- (2.6-mm-) diameter shank, length to 
suit depth of insulation indicated. 

d. Adhesive:  Recommended by hanger manufacturer.  Product with 
demonstrated capability to bond insulation hanger securely to 
substrates indicated without damaging insulation, hangers, and 
substrates. 

4. Non-metal, Adhesively Attached, Perforated-Base Insulation Hangers:  
Baseplate fastened to projecting spindle that is capable of holding 
insulation, of thickness indicated, and securely in position indicated 
when self-locking washer is in place.  Comply with the following 
requirements: 
a. Products:  Subject to compliance with requirements, available 

products that may be incorporated into the Work include, but are 
not limited to, the following: 
1) GEMCO; Nylon Hangers. 
2) Midwest Fasteners, Inc.; Nylon Insulation Hangers. 

b. Baseplate:  Perforated, nylon sheet, 0.030 inch (0.76 mm) thick 
by 1-1/2 inches (38 mm) in diameter. 

c. Spindle:  Nylon, 0.106-inch- (2.6-mm-) diameter shank, length to 
suit depth of insulation indicated, up to 2-1/2 inches (63 mm). 

d. Adhesive:  Recommended by hanger manufacturer.  Product with 
demonstrated capability to bond insulation hanger securely to 
substrates indicated without damaging insulation, hangers, and 
substrates. 

5. Self-Sticking-Base Insulation Hangers:  Baseplate welded to projecting 
spindle that is capable of holding insulation, of thickness indicated, 
securely in position indicated when self-locking washer is in place.  
Comply with the following requirements: 
a. Products:  Subject to compliance with requirements, available 

products that may be incorporated into the Work include, but are 
not limited to, the following: 
1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers. 
2) GEMCO; Peel & Press. 
3) Midwest Fasteners, Inc.; Self Stick. 

b. Baseplate:  Galvanized carbon-steel sheet, 0.030 inch (0.76 mm) 
thick by 2 inches (50 mm) square. 

http://www.specagent.com/LookUp/?ulid=3104&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826798&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826799&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826800&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3105&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826801&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826802&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3106&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826803&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826804&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826805&mf=04&src=wd


DUCT WHCRWA 

INSULATION CENTRAL PUMP STATION  

 

                                                                         WHCRWA CENTRAL PUMP STATION  
DUCT INSULATION 

23 07 13 - 14 of 24 

 

c. Spindle:  Copper- or zinc-coated, low-carbon steel or Aluminum, 
fully annealed, 0.106-inch- (2.6-mm-) diameter shank, length to 
suit depth of insulation indicated. 

d. Adhesive-backed base with a peel-off protective cover. 
6. Insulation-Retaining Washers:  Self-locking washers formed from 

0.016-inch- (0.41-mm-) thick, galvanized-steel or aluminum sheet, with 
beveled edge sized as required to hold insulation securely in place but 
not less than 1-1/2 inches (38 mm) in diameter. 
a. Products:  Subject to compliance with requirements, available 

products that may be incorporated into the Work include, but are 
not limited to, the following: 
1) AGM Industries, Inc.; RC-150. 
2) GEMCO; R-150. 
3) Midwest Fasteners, Inc.; WA-150. 
4) Nelson Stud Welding; Speed Clips. 

b. Protect ends with capped self-locking washers incorporating a 
spring steel insert to ensure permanent retention of cap in 
exposed locations. 

7. Nonmetal Insulation-Retaining Washers:  Self-locking washers formed 
from 0.016-inch- (0.41-mm-) thick nylon sheet, with beveled edge sized 
as required to hold insulation securely in place but not less than 1-1/2 
inches (38 mm) in diameter. 
a. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 
incorporated into the Work include, but are not limited to, the 
following: 
1) GEMCO. 
2) Midwest Fasteners, Inc. 

C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) 
wide, stainless steel or Monel. 

D. Wire:  0.080-inch (2.0-mm) nickel-copper alloy. 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the 
Work include, but are not limited to, the following: 
a. C & F Wire. 

2.9 CORNER ANGLES 

A. Aluminum Corner Angles:  0.040 inch (1.0 mm) thick, minimum 1 by 1 inch 
(25 by 25 mm), aluminum according to ASTM B 209 (ASTM B 209M), 
Alloy 3003, 3005, 3105, or 5005; Temper H-14. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for 

installation tolerances and other conditions affecting performance of 
insulation application. 
1. Verify that systems to be insulated have been tested and are free of 

defects. 
2. Verify that surfaces to be insulated are clean and dry. 

B. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove 

materials that will adversely affect insulation application. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, 
and even surfaces; free of voids throughout the length of ducts and fittings. 

B. Install insulation materials, vapor barriers or retarders, jackets, and 
thicknesses required for each item of duct system as specified in insulation 
system schedules. 

C. Install accessories compatible with insulation materials and suitable for the 

service.  Install accessories that do not corrode, soften, or otherwise attack 
insulation or jacket in either wet or dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal 
runs. 

E. Install multiple layers of insulation with longitudinal and end seams 
staggered. 

F. Keep insulation materials dry during application and finishing. 

G. Install insulation with tight longitudinal seams and end joints.  Bond seams 

and joints with adhesive recommended by insulation material manufacturer. 

H. Install insulation with least number of joints practical. 

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in 
insulation at hangers, supports, anchors, and other projections with vapor-
barrier mastic. 
1. Install insulation continuously through hangers and around anchor 

attachments. 
2. For insulation application where vapor barriers are indicated, extend 

insulation on anchor legs from point of attachment to supported item to 
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point of attachment to structure.  Taper and seal ends at attachment to 
structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert.  
Seal insulation to insulation inserts with adhesive or sealing compound 
recommended by insulation material manufacturer. 

J. Apply adhesives, mastics, and sealants at manufacturer's recommended 

coverage rate and wet and dry film thicknesses. 

K. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same 

material as insulation jacket.  Secure strips with adhesive and outward 
clinching staples along both edges of strip, spaced 4 inches (100 mm) 
o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  
Clean and dry surface to receive self-sealing lap.  Staple laps with 
outward clinching staples along edge at 2 inches (50 mm) o.c. 
a. For below ambient services, apply vapor-barrier mastic over 

staples. 
4. Cover joints and seams with tape, according to insulation material 

manufacturer's written instructions, to maintain vapor seal. 
5. Where vapor barriers are indicated, apply vapor-barrier mastic on 

seams and joints and at ends adjacent to duct flanges and fittings. 

L. Cut insulation in a manner to avoid compressing insulation more than 75 
percent of its nominal thickness. 

M. Finish installation with systems at operating conditions.  Repair joint 
separations and cracking due to thermal movement. 

N. Repair damaged insulation facings by applying same facing material over 
damaged areas.  Extend patches at least 4 inches (100 mm) beyond 
damaged areas.  Adhere, staple, and seal patches similar to butt joints. 

3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations:  Install insulation continuously 
through roof penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation 

above roof surface and seal with joint sealant.  For applications 
requiring indoor and outdoor insulation, install insulation for outdoor 
applications tightly joined to indoor insulation ends.  Seal joint with joint 
sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 
inches (50 mm) below top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 
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B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install 

insulation continuously through wall penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation 

inside wall surface and seal with joint sealant.  For applications 
requiring indoor and outdoor insulation, install insulation for outdoor 
applications tightly joined to indoor insulation ends.  Seal joint with joint 
sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap 
wall flashing at least 2 inches (50 mm). 

4. Seal jacket to wall flashing with flashing sealant. 

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are 

Not Fire Rated):  Install insulation continuously through walls and partitions. 

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  

Terminate insulation at fire damper sleeves for fire-rated wall and partition 
penetrations.  Externally insulate damper sleeves to match adjacent 
insulation and overlap duct insulation at least 2 inches (50 mm). 
1. Comply with requirements in Section 078400 "Firestopping" 

Firestopping and fire-resistive joint sealers. 

3.5 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturers recommended 
adhesive to eliminate openings in insulation that allow passage of air to 
surface being insulated. 

3.6 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive 
and insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage 

rates per unit area, for 50 percent coverage of duct and plenum 
surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of 
fittings and transitions. 

3. Install either capacitor-discharge-weld pins and speed washers or 
cupped-head, capacitor-discharge-weld pins on sides and bottom of 
horizontal ducts and sides of vertical ducts as follows: 
a. On duct sides with dimensions 18 inches (450 mm) and smaller, 

place pins along longitudinal centerline of duct.  Space 3 inches 
(75 mm) maximum from insulation end joints, and 16 inches (400 
mm) o.c. 

b. On duct sides with dimensions larger than 18 inches (450 mm), 
place pins 16 inches (400 mm) o.c. each way, and 3 inches (75 
mm) maximum from insulation joints.  Install additional pins to 
hold insulation tightly against surface at cross bracing. 
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c. Pins may be omitted from top surface of horizontal, rectangular 
ducts and plenums. 

d. Do not over-compress insulation during installation. 
e. Impale insulation over pins and attach speed washers. 
f. Cut excess portion of pins extending beyond speed washers or 

bend parallel with insulation surface.  Cover exposed pins and 
washers with tape matching insulation facing. 

4. For ducts and plenums with surface temperatures below ambient, 
install a continuous unbroken vapor barrier.  Create a facing lap for 
longitudinal seams and end joints with insulation by removing 2 inches 
(50 mm) from one edge and one end of insulation segment.  Secure 
laps to adjacent insulation section with 1/2-inch (13-mm) outward-
clinching staples, 1 inch (25 mm) o.c.  Install vapor barrier consisting of 
factory- or field-applied jacket, adhesive, vapor-barrier mastic, and 
sealant at joints, seams, and protrusions. 
a. Repair punctures, tears, and penetrations with tape or mastic to 

maintain vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 

deg. F (10 deg. C) at 18-foot (5.5-m) intervals.  Vapor stops shall 
consist of vapor-barrier mastic applied in a Z-shaped pattern over 
insulation face, along butt end of insulation, and over the surface.  
Cover insulation face and surface to be insulated a width equal to 
two times the insulation thickness, but not less than 3 inches (75 
mm). 

5. Overlap un-faced blankets a minimum of 2 inches (50 mm) on 
longitudinal seams and end joints.  At end joints, secure with steel 
bands spaced a maximum of 18 inches (450 mm) o.c. 

6. Install insulation on rectangular duct elbows and transitions with a full 
insulation section for each surface.  Install insulation on round and flat-
oval duct elbows with individually mitered gores cut to fit the elbow. 

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond 
insulation surface with 6-inch- (150-mm-) wide strips of same material 
used to insulate duct.  Secure on alternating sides of stiffener, hanger, 
and flange with pins spaced 6 inches (150 mm) o.c. 

B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive 
and insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage 

rates per unit area, for 50 percent coverage of duct and plenum 
surfaces. 

2. Apply adhesive to entire circumference of ducts and to all surfaces of 
fittings and transitions. 

3. Install either capacitor-discharge-weld pins and speed washers or 
cupped-head, capacitor-discharge-weld pins on sides and bottom of 
horizontal ducts and sides of vertical ducts as follows: 
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a. On duct sides with dimensions 18 inches (450 mm) and smaller, 
place pins along longitudinal centerline of duct.  Space 3 inches 
(75 mm) maximum from insulation end joints, and 16 inches (400 
mm) o.c. 

b. On duct sides with dimensions larger than 18 inches (450 mm), 
space pins 16 inches (400 mm) o.c. each way, and 3 inches (75 
mm) maximum from insulation joints.  Install additional pins to 
hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular 
ducts and plenums. 

d. Do not over-compress insulation during installation. 
e. Cut excess portion of pins extending beyond speed washers or 

bend parallel with insulation surface.  Cover exposed pins and 
washers with tape matching insulation facing. 

4. For ducts and plenums with surface temperatures below ambient, 
install a continuous unbroken vapor barrier.  Create a facing lap for 
longitudinal seams and end joints with insulation by removing 2 inches 
(50 mm) from one edge and one end of insulation segment.  Secure 
laps to adjacent insulation section with 1/2-inch (13-mm) outward-
clinching staples, 1 inch (25 mm) o.c.  Install vapor barrier consisting of 
factory- or field-applied jacket, adhesive, vapor-barrier mastic, and 
sealant at joints, seams, and protrusions. 
a. Repair punctures, tears, and penetrations with tape or mastic to 

maintain vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 

deg. F (10 deg. C) at 18-foot (5.5-m) intervals.  Vapor stops shall 
consist of vapor-barrier mastic applied in a Z-shaped pattern over 
insulation face, along butt end of insulation, and over the surface.  
Cover insulation face and surface to be insulated a width equal to 
two times the insulation thickness, but not less than 3 inches (75 
mm). 

5. Install insulation on rectangular duct elbows and transitions with a full 
insulation section for each surface.  Groove and score insulation to fit 
as closely as possible to outside and inside radius of elbows.  Install 
insulation on round and flat-oval duct elbows with individually mitered 
gores cut to fit the elbow. 

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond 
insulation surface with 6-inch- (150-mm-) wide strips of same material 
used to insulate duct.  Secure on alternating sides of stiffener, hanger, 
and flange with pins spaced 6 inches (150 mm) o.c. 

3.7 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over bare insulation 

or insulation with factory-applied jackets. 
1. Draw jacket smooth and tight to surface with 2-inch (50-mm) overlap at 

seams and joints. 
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2. Embed glass cloth between two 0.062-inch- (1.6-mm-) thick coats of 
lagging adhesive. 

3. Completely encapsulate insulation with coating, leaving no exposed 
insulation. 

B. Where FSK jackets are indicated, install as follows: 
1. Draw jacket material smooth and tight. 
2. Install lap or joint strips with same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended 

adhesive. 
4. Install jacket with 1-1/2-inch (38-mm) laps at longitudinal seams and 3-

inch- (75-mm-) wide joint strips at end joints. 
5. Seal openings, punctures, and breaks in vapor-retarder jackets and 

exposed insulation with vapor-barrier mastic. 

C. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at 

longitudinal seams and end joints; for horizontal applications, install with 
longitudinal seams along top and bottom of tanks and vessels.  Seal with 
manufacturers recommended adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead 

under lap and the finish bead along seam and joint edge. 

D. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at 

longitudinal seams and end joints.  Overlap longitudinal seams arranged to 
shed water.  Seal end joints with weatherproof sealant recommended by 
insulation manufacturer.  Secure jacket with stainless-steel bands 12 inches 
(300 mm) o.c. and at end joints. 

3.8 FIRE-RATED INSULATION SYSTEM INSTALLATION 

A. Where fire-rated insulation system is indicated, secure system to ducts and 

duct hangers and supports to maintain a continuous fire rating. 

B. Insulate duct access panels and doors to achieve same fire rating as duct. 

C. Install firestopping at penetrations through fire-rated assemblies.  Fire-stop 
systems are specified in Section 078400 "Firestopping." 

3.9 FINISHES 

A. Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  Paint 

jacket with paint system identified below and as specified in Section 099100 
"Painting and Protective Coatings" and Section 099110 "Architectural 
Painting." 
1. Flat Acrylic Finish:  Two finish coats over a primer that is compatible 

with jacket material and finish coat paint.  Add fungicidal agent to 
render fabric mildew proof. 
a. Finish Coat Material:  Interior, flat, latex-emulsion size. 
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B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, 

apply two coats of insulation manufacturer's recommended protective 
coating. 

C. Color:  Final color as selected by Architect.  Vary first and second coats to 
allow visual inspection of the completed Work. 

D. Do not field paint aluminum or stainless-steel jackets. 

3.10 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and 

inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 
1. Inspect ductwork, randomly selected by Architect, by removing field-

applied jacket and insulation in layers in reverse order of their 
installation.  Extent of inspection shall be limited to one location(s) for 
each duct system defined in the "Duct Insulation Schedule, General" 
Article. 

D. All insulation applications will be considered defective Work if sample 
inspection reveals noncompliance with requirements. 

3.11 DUCT INSULATION SCHEDULE, GENERAL 

A. Plenums and Ducts Requiring Insulation: 

1. Indoor, concealed supply and outdoor air. 
2. Indoor, exposed supply and outdoor air. 
3. Indoor, concealed return located in unconditioned space. 
4. Indoor, exposed return located in unconditioned space. 
5. Indoor, concealed exhaust between isolation damper and penetration 

of building exterior. 
6. Indoor, exposed exhaust between isolation damper and penetration of 

building exterior. 
7. Outdoor, concealed supply and return. 
8. Outdoor, exposed supply and return. 

B. Items Not Insulated: 
1. Fibrous-glass ducts. 
2. Metal ducts with duct liner of sufficient thickness to comply with energy 

code and ASHRAE/IESNA 90.1. 
3. Factory-insulated flexible ducts. 
4. Factory-insulated plenums and casings. 
5. Flexible connectors. 
6. Vibration-control devices. 
7. Factory-insulated access panels and doors. 
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3.12 INDOOR DUCT AND PLENUM INSULATION SCHEDULE 

A. Concealed, round and flat-oval, supply-air duct insulation shall be the 

following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 1.5-lb/cu. ft. 

(24-kg/cu. m) nominal density. 

B. Concealed, round and flat-oval, return-air duct insulation shall be the 

following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 1.5-lb/cu. ft. 

(24-kg/cu. m) nominal density. 

C. Concealed, rectangular, supply-air duct insulation shall be the following: 

1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 1.5-lb/cu. ft. 
(24-kg/cu. m) nominal density. 

D. Concealed, rectangular, return-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 1.5-lb/cu. ft. 

(24-kg/cu. m) nominal density. 

E. Concealed, return-air plenum insulation shall be the following: 

1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 1.5-lb/cu. ft. 
(24-kg/cu. m) nominal density. 

F. Exposed, round and flat-oval, supply-air duct insulation shall be the 
following: 
1. Mineral-Fiber Board:  2 inches (50 mm) thick and 3-lb/cu. ft. (48-

kg/cu. m) nominal density. 

G. Exposed, round and flat-oval, return-air duct insulation shall be the 
following: 
1. Mineral-Fiber Board:  2 inches (50 mm) thick and 3-lb/cu. ft. (48-

kg/cu. m) nominal density. 

H. Exposed, rectangular, supply-air duct insulation shall be the following: 
1. Mineral-Fiber Board:  2 inches (50 mm) thick and 3-lb/cu. ft. (48-

kg/cu. m) nominal density. 

I. Exposed, rectangular, return-air duct insulation shall be the following: 

1. Mineral-Fiber Board:  2 inches (50 mm) thick and 3-lb/cu. ft. (48-
kg/cu. m) nominal density. 

J. Exposed, return-air plenum insulation shall be the following: 
1. Mineral-Fiber Board:  2 inches (50 mm) thick and 3-lb/cu. ft. (48-

kg/cu. m) nominal density. 

3.13 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied 
jacket, install the field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is 
Contractor's option. 
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C. Ducts and Plenums, Concealed: 

1. None. 

D. Ducts and Plenums, Exposed: 

1. Painted Aluminum, Smooth:  0.020 inch (0.51 mm) thick.  

 

END OF SECTION 23 07 13 
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SECTION 230719 

HVAC PIPING INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section includes insulating the following HVAC piping systems: 
1. Condensate drain piping, indoors and outdoors. 
2. Refrigerant suction and hot-gas piping, indoors and outdoors. 

B. Related Sections: 

1. Section 230713 "Duct Insulation." 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal 
conductivity, water-vapor permeance thickness, and jackets (both factory 
and field applied if any). 

B. Shop Drawings:  Include plans, elevations, sections, details, and 

attachments to other work. 
1. Detail application of protective shields, saddles, and inserts at hangers 

for each type of insulation and hanger. 
2. Detail attachment and covering of heat tracing inside insulation. 
3. Detail insulation application at pipe expansion joints for each type of 

insulation. 
4. Detail insulation application at elbows, fittings, flanges, valves, and 

specialties for each type of insulation. 
5. Detail removable insulation at piping specialties. 
6. Detail application of field-applied jackets. 
7. Detail application at linkages of control devices. 

C. Samples:  For each type of insulation and jacket indicated.  Identify each 

Sample, describing product and intended use. 
1. Pre-formed Pipe Insulation Materials:  12 inches (300 mm) long by 

NPS 2 (DN 50). 
2. Sheet Form Insulation Materials:  12 inches (300 mm) square. 
3. Jacket Materials for Pipe:  12 inches (300 mm) long by NPS 2 (DN 50). 
4. Sheet Jacket Materials:  12 inches (300 mm) square. 
5. Manufacturer's Color Charts:  For products where color is specified, 

show the full range of colors available for each type of finish material. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Material Test Reports:  From a qualified testing agency acceptable to 
authorities having jurisdiction indicating, interpreting, and certifying test 
results for compliance of insulation materials, sealers, attachments, 
cements, and jackets, with requirements indicated.  Include dates of tests 
and test methods employed. 

C. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed 

an apprenticeship program or another craft training program certified by the 
Department of Labor, Bureau of Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as 
determined by testing identical products according to ASTM E 84, by a 
testing and inspecting agency acceptable to authorities having jurisdiction.  
Factory label insulation and jacket materials and adhesive, mastic, tapes, 
and cement material containers, with appropriate markings of applicable 
testing agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and 

smoke-developed index of 50 or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and 

smoke-developed index of 150 or less. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer 

with appropriate ASTM standard designation, type and grade, and 
maximum use temperature. 

1.7 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields 

specified in Section 230529 "Hangers and Supports for HVAC Piping and 
Equipment." 

B. Coordinate clearance requirements with piping Installer for piping insulation 
application.  Before preparing piping Shop Drawings establish and maintain 
clearance requirements for installation of insulation and field-applied jackets 
and finishes and for space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 
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1.8 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where 

required, after installing and testing heat tracing.  Insulation application may 
begin on segments that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as 
possible in each area of construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor 
Piping Insulation Schedule," "Outdoor, Aboveground Piping Insulation 
Schedule," and "Outdoor, Underground Piping Insulation Schedule" articles 
for where insulating materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable 

chloride content of less than 50 ppm when tested according to 
ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as 
acceptable according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

F. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with 
annealed, rigid, hermetically sealed cells.  Factory-applied jacket 
requirements are specified in "Factory-Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Pittsburgh Corning Corporation; Foamglas. 

2. Block Insulation:  ASTM C 552, Type I. 
3. Special-Shaped Insulation:  ASTM C 552, Type III. 
4. Board Insulation:  ASTM C 552, Type IV. 
5. Preformed Pipe Insulation without Jacket:  Comply with ASTM C 552, 

Type II, Class 1. 
6. Preformed Pipe Insulation with Factory-Applied ASJ-SSL:  Comply with 

ASTM C 552, Type II, Class 2. 
7. Factory fabricate shapes according to ASTM C 450 and ASTM C 585. 

G. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber 

materials.  Comply with ASTM C 534, Type I for tubular materials. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Aeroflex USA, Inc.; Aerocel. 

http://www.specagent.com/LookUp/?ulid=3196&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825959&mf=04&src=wd
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b. Armacell LLC; AP Armaflex. 
c. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS. 

2.2 INSULATING CEMENTS 

A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195. 

1. Products:  Subject to compliance with requirements, available products 
that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Ramco Insulation, Inc.; Super-Stik. 

B. Expanded or Exfoliated Vermiculite Insulating Cement:  Comply with 
ASTM C 196. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Ramco Insulation, Inc.; Thermokote V. 

C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply 
with ASTM C 449. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote. 

2.3 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and 

substrates and for bonding insulation to it and to surfaces to be insulated 
unless otherwise indicated. 

B. Calcium Silicate Adhesive:  Fibrous, sodium-silicate-based adhesive with a 
service temperature range of 50 to 800 deg. F (10 to 427 deg. C). 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-97. 
b. Eagle Bridges  - Marathon Industries; 290. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 81-27. 
d. Mon-Eco Industries, Inc.; 22-30. 
e. Vimasco Corporation; 760. 

2. For indoor applications, adhesive shall have a VOC content of 80 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

http://www.specagent.com/LookUp/?uid=123456825961&mf=04&src=wd
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C. Cellular-Glass Adhesive:  Two-component, thermosetting urethane 
adhesive containing no flammable solvents, with a service temperature 
range of minus 100 to plus 200 deg. F (minus 73 to plus 93 deg. C). 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 81-84. 
2. For indoor applications, adhesive shall have a VOC content of 50 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

D. Phenolic and Polyisocyanurate Adhesive:  Solvent-based resin adhesive, 

with a service temperature range of minus 75 to plus 300 deg. F (minus 59 
to plus 149 deg. C). 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-96. 
b. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 81-33. 
2. For indoor applications, adhesive shall have a VOC content of 50 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

E. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, 

Type II, Class I. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Aeroflex USA, Inc.; Aeroseal. 
b. Armacell LLC; Armaflex 520 Adhesive. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 85-75. 
d. K-Flex USA; R-373 Contact Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 

http://www.specagent.com/LookUp/?ulid=3210&mf=04&src=wd
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Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

F. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-127. 
b. Eagle Bridges  - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 85-60/85-70. 
d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, adhesive shall have a VOC content of 80 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

G. Polystyrene Adhesive:  Solvent- or water-based, synthetic resin adhesive 
with a service temperature range of minus 20 to plus 140 deg. F (29 to plus 
60 deg. C). 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-96. 
b. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 85-60. 

H. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-

3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-82. 
b. Eagle Bridges  - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 85-50. 
d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 
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I. PVC Jacket Adhesive:  Compatible with PVC jacket. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Dow Corning Corporation; 739, Dow Silicone. 
b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding 

Adhesive. 
c. P.I.C. Plastics, Inc.; Welding Adhesive. 
d. Speedline Corporation; Polyco VP Adhesive. 

2. For indoor applications, adhesive shall have a VOC content of 50 g/L 
or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

3. Adhesive shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and 
substrates; comply with MIL-PRF-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-

ambient services. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 30-80/30-90. 
b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 
perm (0.009 metric perm) at 43-mil (1.09-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg. F (Minus 29 
to plus 82 deg. C). 

4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent 
by weight. 

5. Color:  White. 

C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below-

ambient services. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-30. 
b. Eagle Bridges  - Marathon Industries; 501. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 30-35. 
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d. Mon-Eco Industries, Inc.; 55-10. 
2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.03 metric 

perm) at 35-mil (0.9-mm) dry film thickness. 
3. Service Temperature Range:  0 to 180 deg. F (Minus 18 to plus 82 

deg. C). 
4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent 

by weight. 
5. Color:  White. 

D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below-
ambient services. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; Encacel. 
b. Eagle Bridges  - Marathon Industries; 570. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 60-95/60-96. 
2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.033 metric 

perm) at 30-mil (0.8-mm) dry film thickness. 
3. Service Temperature Range:  Minus 50 to plus 220 deg. F (Minus 46 

to plus 104 deg. C). 
4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent 

by weight. 
5. Color:  White. 

E. Breather Mastic:  Water based; suitable for indoor and outdoor use on 
above-ambient services. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-10. 
b. Eagle Bridges  - Marathon Industries; 550. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 46-50. 
d. Mon-Eco Industries, Inc.; 55-50. 
e. Vimasco Corporation; WC-1/WC-5. 

2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms (1.2 metric perms) 
at 0.0625-inch (1.6-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg. F (Minus 29 
to plus 82 deg. C). 

4. Solids Content:  60 percent by volume and 66 percent by weight. 
5. Color:  White. 

2.5 SEALANTS 

A. Joint Sealants: 
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1. Joint Sealants for Cellular-Glass, Phenolic, and Polyisocyanurate 
Products:  Subject to compliance with requirements, provide one of the 
following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-76. 
b. Eagle Bridges  - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 30-45. 
d. Mon-Eco Industries, Inc.; 44-05. 
e. Pittsburgh Corning Corporation; Pittseal 444. 

2. Joint Sealants for Polystyrene Products:  Subject to compliance with 
requirements, provide one of the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-70. 
b. Eagle Bridges  - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 30-45. 
d. Mon-Eco Industries, Inc.; 44-05. 

3. Materials shall be compatible with insulation materials, jackets, and 
substrates. 

4. Permanently flexible, elastomeric sealant. 
5. Service Temperature Range:  Minus 100 to plus 300 deg. F (Minus 73 

to plus 149 deg. C). 
6. Color:  White or gray. 
7. For indoor applications, sealants shall have a VOC content of 420 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

8. Sealants shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

B. FSK and Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-76. 
b. Eagle Bridges  - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; 95-44. 
d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and 
substrates. 

3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg. F (Minus 40 

to plus 121 deg. C). 
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5. Color:  Aluminum. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

7. Sealants shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing 
Sealants: 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; CP-76. 
2. Materials shall be compatible with insulation materials, jackets, and 

substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg. F (Minus 40 

to plus 121 deg. C). 
5. Color:  White. 
6. For indoor applications, sealants shall have a VOC content of 420 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

7. Sealants shall comply with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

2.6 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless 

otherwise indicated. 

B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper 

backing. 

C. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with 

ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for 
shop or field cutting and forming.  Thickness is indicated in field-applied 
jacket schedules. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. Johns Manville; Zeston. 
b. P.I.C. Plastics, Inc.; FG Series. 
c. Proto Corporation; LoSmoke. 
d. Speedline Corporation; SmokeSafe. 
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2. Adhesive:  As recommended by jacket material manufacturer. 
3. Color:  White. 
4. Factory-fabricated fitting covers to match jacket if available; otherwise, 

field fabricate. 
a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, 

valves, flanges, unions, reducers, end caps, soil-pipe hubs, traps, 
mechanical joints, and P-trap and supply covers for lavatories. 

D. Metal Jacket: 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of 

H. B. Fuller Company; Metal Jacketing Systems. 
b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 
c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), 
Alloy 3003, 3005, 3105, or 5005, Temper H-14. 
a. Factory cut and rolled to size. 
b. Finish and thickness are indicated in field-applied jacket 

schedules. 
c. Moisture Barrier for Indoor Applications:  1-mil- (0.025-mm-) thick, 

heat-bonded polyethylene and kraft paper. 
d. Moisture Barrier for Outdoor Applications:  3-mil- (0.075-mm-) 

thick, heat-bonded polyethylene and kraft paper. 
e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and 

long-radius elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting 

covers are not available. 

E. Self-Adhesive Outdoor Jacket:  60-mil- (1.5-mm-) thick, laminated vapor 
barrier and waterproofing membrane for installation over insulation located 
aboveground outdoors; consisting of a rubberized bituminous resin on a 
cross-laminated polyethylene film covered with white aluminum-foil facing. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Polyguard Products, Inc.; Alumaguard 60. 

F. PVDC Jacket for Indoor Applications:  4-mil- (0.10-mm-) thick, white PVDC 
bi-axially oriented barrier film with a permeance at 0.02 perms (0.013 metric 
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perms) when tested according to ASTM E 96/E 96M and with a flame-
spread index of 5 and a smoke-developed index of 20 when tested 
according to ASTM E 84. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Dow Chemical Company (The); Saran 540 Vapor Retarder Film. 

G. PVDC Jacket for Outdoor Applications:  6-mil- (0.15-mm-) thick, white 

PVDC bi-axially oriented barrier film with a permeance at 0.01 perms (0.007 
metric perms) when tested according to ASTM E 96/E 96M and with a 
flame-spread index of 5 and a smoke-developed index of 25 when tested 
according to ASTM E 84. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Dow Chemical Company (The); Saran 560 Vapor Retarder Film. 

H. PVDC-SSL Jacket:  PVDC jacket with a self-sealing, pressure-sensitive, 
acrylic-based adhesive covered by a removable protective strip. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Dow Chemical Company (The); Saran 540 Vapor Retarder Film 

and Saran 560 Vapor Retarder Film. 

2.7 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with 
acrylic adhesive, complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. ABI, Ideal Tape Division; 428 AWF ASJ. 
b. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0836. 
c. Compac Corporation; 104 and 105. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW 

Plus/SQ. 
2. Width:  3 inches (75 mm). 
3. Thickness:  11.5 mils (0.29 mm). 
4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket 
with acrylic adhesive; complying with ASTM C 1136. 
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1. Products:  Subject to compliance with requirements, provide one of the 
following: 
a. ABI, Ideal Tape Division; 491 AWF FSK. 
b. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0827. 
c. Compac Corporation; 110 and 111. 
d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches (75 mm). 
3. Thickness:  6.5 mils (0.16 mm). 
4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 

C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket 

with acrylic adhesive; suitable for indoor and outdoor applications. 
1. Products:  Subject to compliance with requirements, provide one of the 

following: 
a. ABI, Ideal Tape Division; 370 White PVC tape. 
b. Compac Corporation; 130. 
c. Venture Tape; 1506 CW NS. 

2. Width:  2 inches (50 mm). 
3. Thickness:  6 mils (0.15 mm). 
4. Adhesion:  64 ounces force/inch (0.7 N/mm) in width. 
5. Elongation:  500 percent. 
6. Tensile Strength:  18 lbf/inch (3.3 N/mm) in width. 

D. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive. 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 
a. ABI, Ideal Tape Division; 488 AWF. 
b. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0800. 
c. Compac Corporation; 120. 
d. Venture Tape; 3520 CW. 

2. Width:  2 inches (50 mm). 
3. Thickness:  3.7 mils (0.093 mm). 
4. Adhesion:  100 ounces force/inch (1.1 N/mm) in width. 
5. Elongation:  5 percent. 
6. Tensile Strength:  34 lbf/inch (6.2 N/mm) in width. 

E. PVDC Tape for Indoor Applications:  White vapor-retarder PVDC tape with 
acrylic adhesive. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Dow Chemical Company (The); Saran 540 Vapor Retarder Tape. 
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2. Width:  3 inches (75 mm). 
3. Film Thickness:  4 mils (0.10 mm). 
4. Adhesive Thickness:  1.5 mils (0.04 mm). 
5. Elongation at Break:  145 percent. 
6. Tensile Strength:  55 lbf/inch (10.1 N/mm) in width. 

F. PVDC Tape for Outdoor Applications:  White vapor-retarder PVDC tape with 

acrylic adhesive. 
1. Products:  Subject to compliance with requirements, available products 

that may be incorporated into the Work include, but are not limited to, 
the following: 
a. Dow Chemical Company (The); Saran 560 Vapor Retarder Tape. 

2. Width:  3 inches (75 mm). 
3. Film Thickness:  6 mils (0.15 mm). 
4. Adhesive Thickness:  1.5 mils (0.04 mm). 
5. Elongation at Break:  145 percent. 
6. Tensile Strength:  55 lbf/inch (10.1 N/mm) in width. 

2.8 SECUREMENTS 

A. Bands: 

1. Products:  Subject to compliance with requirements, provide one of the 
following: 
a. ITW Insulation Systems; Gerrard Strapping and Seals. 
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs. 

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304; 
0.015 inch (0.38 mm) thick, 1/2 inch (13 mm) wide with wing seal or 
closed seal. 

3. Aluminum:  ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 
5005; Temper H-14, 0.020 inch (0.51 mm) thick, 1/2 inch (13 mm) wide 
with wing seal or closed seal. 

4. Springs:  Twin spring set constructed of stainless steel with ends flat 
and slotted to accept metal bands.  Spring size determined by 
manufacturer for application. 

B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) 

wide, stainless steel or Monel. 

C. Wire:  0.062-inch (1.6-mm) soft-annealed, galvanized steel. 

1. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the 
Work include, but are not limited to, the following: 
a. C & F Wire. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for 
installation tolerances and other conditions affecting performance of 
insulation application. 
1. Verify that systems to be insulated have been tested and are free of 

defects. 
2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been 

corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove 

materials that will adversely affect insulation application. 

B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before 

insulating, apply a corrosion coating to insulated surfaces as follows: 
1. Stainless Steel:  Coat 300 series stainless steel with an epoxy primer 5 

mils (0.127 mm) thick and an epoxy finish 5 mils (0.127 mm) thick if 
operating in a temperature range between 140 and 300 deg. F (60 and 
149 deg. C).  Consult coating manufacturer for appropriate coating 
materials and application methods for operating temperature range. 

2. Carbon Steel:  Coat carbon steel operating at a service temperature 
between 32 and 300 deg. F (0 and 149 deg. C) with an epoxy coating.  
Consult coating manufacturer for appropriate coating materials and 
application methods for operating temperature range. 

C. Coordinate insulation installation with the trade installing heat tracing.  
Comply with requirements for heat tracing that apply to insulation. 

D. Mix insulating cements with clean potable water; if insulating cements are to 
be in contact with stainless-steel surfaces, use demineralized water. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, 

and even surfaces; free of voids throughout the length of piping including 
fittings, valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and 
thicknesses required for each item of pipe system as specified in insulation 
system schedules. 

C. Install accessories compatible with insulation materials and suitable for the 

service.  Install accessories that do not corrode, soften, or otherwise attack 
insulation or jacket in either wet or dry state. 
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D. Install insulation with longitudinal seams at top and bottom of horizontal 
runs. 

E. Install multiple layers of insulation with longitudinal and end seams 
staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, 
and specialties. 

G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints.  Bond seams 

and joints with adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in 
insulation at hangers, supports, anchors, and other projections with vapor-
barrier mastic. 
1. Install insulation continuously through hangers and around anchor 

attachments. 
2. For insulation application where vapor barriers are indicated, extend 

insulation on anchor legs from point of attachment to supported item to 
point of attachment to structure.  Taper and seal ends at attachment to 
structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert.  
Seal insulation to insulation inserts with adhesive or sealing compound 
recommended by insulation material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation.  
Install shields over jacket, arranged to protect jacket from tear or 
puncture by hanger, support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended 

coverage rate and wet and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same 

material as insulation jacket.  Secure strips with adhesive and outward 
clinching staples along both edges of strip, spaced 4 inches (100 mm) 
o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  
Install insulation with longitudinal seams at bottom of pipe.  Clean and 
dry surface to receive self-sealing lap.  Staple laps with outward 
clinching staples along edge at 2 inches (50 mm) o.c. 
a. For below-ambient services, apply vapor-barrier mastic over 

staples. 
4. Cover joints and seams with tape, according to insulation material 

manufacturer's written instructions, to maintain vapor seal. 
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5. Where vapor barriers are indicated, apply vapor-barrier mastic on 
seams and joints and at ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 
percent of its nominal thickness. 

N. Finish installation with systems at operating conditions.  Repair joint 
separations and cracking due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over 
damaged areas.  Extend patches at least 4 inches (100 mm) beyond 
damaged areas.  Adhere, staple, and seal patches similar to butt joints. 

P. For above-ambient services, do not install insulation to the following: 

1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 

3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations:  Install insulation continuously 

through roof penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation 

above roof surface and seal with joint sealant.  For applications 
requiring indoor and outdoor insulation, install insulation for outdoor 
applications tightly joined to indoor insulation ends.  Seal joint with joint 
sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 
inches (50 mm) below top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate 
insulation flush with sleeve seal.  Seal terminations with flashing sealant. 

C. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install 
insulation continuously through wall penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation 

inside wall surface and seal with joint sealant.  For applications 
requiring indoor and outdoor insulation, install insulation for outdoor 
applications tightly joined to indoor insulation ends.  Seal joint with joint 
sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap 
wall flashing at least 2 inches (50 mm). 

4. Seal jacket to wall flashing with flashing sealant. 
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D. Insulation Installation at Interior Wall and Partition Penetrations (That Are 
Not Fire Rated):  Install insulation continuously through walls and partitions. 

E. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install 
insulation continuously through penetrations of fire-rated walls and 
partitions. 
1. Comply with requirements in Section 078400 "Firestopping" for 

firestopping and fire-resistive joint sealers. 

F. Insulation Installation at Floor Penetrations: 

1. Pipe:  Install insulation continuously through floor penetrations. 
2. Seal penetrations through fire-rated assemblies.  Comply with 

requirements in Section 078400 "Firestopping." 

3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except 
where more specific requirements are specified in various pipe insulation 
material installation articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and 
other specialties with continuous thermal and vapor-retarder integrity 
unless otherwise indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered 
fittings made from same material and density as adjacent pipe 
insulation.  Each piece shall be butted tightly against adjoining piece 
and bonded with adhesive.  Fill joints, seams, voids, and irregular 
surfaces with insulating cement finished to a smooth, hard, and 
uniform contour that is uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe 
insulation of same material and thickness as used for adjacent pipe.  
Cut sectional pipe insulation to fit.  Butt each section closely to the next 
and hold in place with tie wire.  Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe 
insulation of same material, density, and thickness as used for 
adjacent pipe.  Overlap adjoining pipe insulation by not less than two 
times the thickness of pipe insulation, or one pipe diameter, whichever 
is thicker.  For valves, insulate up to and including the bonnets, valve 
stuffing-box studs, bolts, and nuts.  Fill joints, seams, and irregular 
surfaces with insulating cement. 

5. Insulate strainers using preformed fitting insulation or sectional pipe 
insulation of same material, density, and thickness as used for 
adjacent pipe.  Overlap adjoining pipe insulation by not less than two 
times the thickness of pipe insulation, or one pipe diameter, whichever 
is thicker.  Fill joints, seams, and irregular surfaces with insulating 
cement.  Insulate strainers so strainer basket flange or plug can be 
easily removed and replaced without damaging the insulation and 
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jacket.  Provide a removable reusable insulation cover.  For below-
ambient services, provide a design that maintains vapor barrier. 

6. Insulate flanges and unions using a section of oversized preformed 
pipe insulation.  Overlap adjoining pipe insulation by not less than two 
times the thickness of pipe insulation, or one pipe diameter, whichever 
is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement 
and coat with a mastic.  Install vapor-barrier mastic for below-ambient 
services and a breather mastic for above-ambient services.  Reinforce 
the mastic with fabric-reinforcing mesh.  Trowel the mastic to a smooth 
and well-shaped contour. 

8. For services not specified to receive a field-applied jacket except for 
flexible elastomeric and polyolefin, install fitted PVC cover over 
elbows, tees, strainers, valves, flanges, and unions.  Terminate ends 
with PVC end caps.  Tape PVC covers to adjoining insulation facing 
using PVC tape. 

9. Stencil or label the outside insulation jacket of each union with the 
word "union."  Match size and color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, 
pressure temperature taps, test connections, flow meters, sensors, 
switches, and transmitters on insulated pipes.  Shape insulation at these 
connections by tapering it to and around the connection with insulating 
cement and finish with finishing cement, mastic, and flashing sealant. 

D. Install removable insulation covers at locations indicated.  Installation shall 

conform to the following: 
1. Make removable flange and union insulation from sectional pipe 

insulation of same thickness as that on adjoining pipe.  Install same 
insulation jacket as adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, 
extend insulation from flanges or union long at least two times the 
insulation thickness over adjacent pipe insulation on each side of 
flange or union.  Secure flange cover in place with stainless-steel or 
aluminum bands.  Select band material compatible with insulation and 
jacket. 

3. Construct removable valve insulation covers in same manner as for 
flanges, except divide the two-part section on the vertical center line of 
valve body. 

4. When covers are made from block insulation, make two halves, each 
consisting of mitered blocks wired to stainless-steel fabric.  Secure this 
wire frame, with its attached insulation, to flanges with tie wire.  Extend 
insulation at least 2 inches (50 mm) over adjacent pipe insulation on 
each side of valve.  Fill space between flange or union cover and pipe 
insulation with insulating cement.  Finish cover assembly with 
insulating cement applied in two coats.  After first coat is dry, apply and 
trowel second coat to a smooth finish. 
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5. Unless a PVC jacket is indicated in field-applied jacket schedules, 
finish exposed surfaces with a metal jacket. 

3.6 INSTALLATION OF CELLULAR-GLASS INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of insulation to pipe with wire or bands and tighten 
bands without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, 
and protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above-ambient services, 
secure laps with outward-clinched staples at 6 inches (150 mm) o.c. 

4. For insulation with factory-applied jackets on below-ambient services, 
do not staple longitudinal tabs.  Instead, secure tabs with additional 
adhesive as recommended by insulation material manufacturer and 
seal with vapor-barrier mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 
1. Install pre-formed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and 

bolts, plus twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of 
cellular-glass block insulation of same thickness as pipe insulation. 

4. Install jacket material with manufacturer's recommended adhesive, 
overlap seams at least 1 inch (25 mm), and seal joints with flashing 
sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install pre-formed sections of same material as straight segments of 

pipe insulation when available.  Secure according to manufacturer's 
written instructions. 

2. When preformed sections of insulation are not available, install mitered 
sections of cellular-glass insulation.  Secure insulation materials with 
wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install pre-formed sections of cellular-glass insulation to valve body. 
2. Arrange insulation to permit access to packing and to allow valve 

operation without disturbing insulation. 
3. Install insulation to flanges as specified for flange insulation 

application. 

3.7 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturers recommended 
adhesive to eliminate openings in insulation that allow passage of air to 
surface being insulated. 
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B. Insulation Installation on Pipe Flanges: 
1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and 

bolts, plus twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of 
sheet insulation of same thickness as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturers 
recommended adhesive to eliminate openings in insulation that allow 
passage of air to surface being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow 
passage of air to surface being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed valve covers manufactured of same material as pipe 
insulation when available. 

2. When pre-formed valve covers are not available, install cut sections of 
pipe and sheet insulation to valve body.  Arrange insulation to permit 
access to packing and to allow valve operation without disturbing 
insulation. 

3. Install insulation to flanges as specified for flange insulation 
application. 

4. Secure insulation to valves and specialties and seal seams with 
manufacturer's recommended adhesive to eliminate openings in 
insulation that allow passage of air to surface being insulated. 

3.8 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over bare insulation 
or insulation with factory-applied jackets. 
1. Draw jacket smooth and tight to surface with 2-inch (50-mm) overlap at 

seams and joints. 
2. Embed glass cloth between two 0.062-inch- (1.6-mm-) thick coats of 

lagging adhesive. 
3. Completely encapsulate insulation with coating, leaving no exposed 

insulation. 

B. Where FSK jackets are indicated, install as follows: 
1. Draw jacket material smooth and tight. 
2. Install lap or joint strips with same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended 

adhesive. 
4. Install jacket with 1-1/2-inch (38-mm) laps at longitudinal seams and 3-

inch- (75-mm-) wide joint strips at end joints. 



 WHCRWA 

HVAC PIPING INSULATION CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION  
HVAC PIPING INSULATION 

23 07 19 - 22 of 24 

 

5. Seal openings, punctures, and breaks in vapor-retarder jackets and 
exposed insulation with vapor-barrier mastic. 

C. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at 
longitudinal seams and end joints; for horizontal applications.  Seal with 
manufacturers recommended adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead 

under lap and the finish bead along seam and joint edge. 

D. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at 

longitudinal seams and end joints.  Overlap longitudinal seams arranged to 
shed water.  Seal end joints with weatherproof sealant recommended by 
insulation manufacturer.  Secure jacket with stainless-steel bands 12 inches 
(300 mm) o.c. and at end joints. 

E. Where PVDC jackets are indicated, install as follows: 
1. Apply three separate wraps of filament tape per insulation section to 

secure pipe insulation to pipe prior to installation of PVDC jacket. 
2. Wrap factory-pre-sized jackets around individual pipe insulation 

sections with one end overlapping the previously installed sheet.  
Install pre-sized jacket with an approximate overlap at butt joint of 2 
inches (50 mm) over the previous section.  Adhere lap seal using 
adhesive or SSL, and then apply 1-1/4 circumferences of appropriate 
PVDC tape around overlapped butt joint. 

3. Continuous jacket can be spiral-wrapped around a length of pipe 
insulation.  Apply adhesive or PVDC tape at overlapped spiral edge.  
When electing to use adhesives, refer to manufacturer's written 
instructions for application of adhesives along this spiral edge to 
maintain a permanent bond. 

4. Jacket can be wrapped in cigarette fashion along length of roll for 
insulation systems with an outer circumference of 33-1/2 inches (850 
mm) or less.  The 33-1/2-inch- (850-mm-) circumference limit allows 
for 2-inch- (50-mm-) overlap seal.  Using the length of roll allows for 
longer sections of jacket to be installed at one time.  Use adhesive on 
the lap seal.  Visually inspect lap seal for "fishmouthing," and use 
PVDC tape along lap seal to secure joint. 

5. Repair holes or tears in PVDC jacket by placing PVDC tape over the 
hole or tear and wrapping a minimum of 1-1/4 circumferences to avoid 
damage to tape edges. 

3.9 FINISHES 

A. Pipe Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  

Paint jacket with paint system identified below and as specified in 099100 
“Painting and Protective Coatings” and 099110 “Architectural Painting”. 
1. Flat Acrylic Finish:  Two finish coats over a primer that is compatible 

with jacket material and finish coat paint.  Add fungicidal agent to 
render fabric mildew proof. 
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a. Finish Coat Material:  Interior, flat, latex-emulsion size. 

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, 

apply two coats of insulation manufacturer's recommended protective 
coating. 

C. Color:  Final color as selected by Architect.  Vary first and second coats to 
allow visual inspection of the completed Work. 

D. Do not field paint aluminum or stainless-steel jackets. 

3.10 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and 
inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. Inspect pipe, fittings, strainers, and valves, randomly selected by 
Architect, by removing field-applied jacket and insulation in layers in 
reverse order of their installation.  Extent of inspection shall be limited 
to three locations of straight pipe, three locations of threaded fittings, 
three locations of welded fittings, two locations of threaded strainers, 
two locations of welded strainers, three locations of threaded valves, 
and three locations of flanged valves for each pipe service defined in 
the "Piping Insulation Schedule, General" Article. 

D. All insulation applications will be considered defective Work if sample 
inspection reveals noncompliance with requirements. 

3.11 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable pre-formed pipe and tubular insulation materials and 

thicknesses are identified for each piping system and pipe size range.  If 
more than one material is listed for a piping system, selection from materials 
listed is Contractor's option. 

B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on 

the following: 
1. Drainage piping located in crawl spaces. 
2. Underground piping. 
3. Chrome-plated pipes and fittings unless there is a potential for 

personnel injury. 

3.12 INDOOR PIPING INSULATION SCHEDULE 

A. Condensate and Equipment Drain Water below 60 Deg. F (16 Deg. C): 
1. All Pipe Sizes:  Insulation shall be one of the following: 

a. Cellular Glass:  1-1/2 inches (38 mm) thick. 
b. Flexible Elastomeric:  1 inch (25 mm) thick. 
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B. Refrigerant Suction and Hot-Gas Piping: 
1. All Pipe Sizes:  Insulation shall be one of the following: 

a. Cellular Glass: 1-1/2 inches (38 mm) thick. 
b. Flexible Elastomeric:  1 inch (25 mm) thick. 

C. Refrigerant Suction and Hot-Gas Flexible Tubing: 
1. All Pipe Sizes:  Insulation shall be one of the following: 

a. Flexible Elastomeric:  1 inch (25 mm) thick. 

3.13 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE 

A. Refrigerant Suction and Hot-Gas Piping: 
1. All Pipe Sizes:  Insulation shall be one of the following: 

a. Cellular Glass:  2 inches (50 mm) thick. 
b. Flexible Elastomeric: 2 inches (50 mm) thick. 

B. Refrigerant Suction and Hot-Gas Flexible Tubing: 
1. All Pipe Sizes:  Insulation shall be one of the following: 

a. Flexible Elastomeric:  2 inches (50 mm) thick. 

3.14 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied 
jacket, install the field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is 
Contractor's option. 

C. Piping, Concealed: 
1. None. 

D. Piping, Exposed: 
1. None. 
2. PVC:  20 mils (0.5 mm) thick. 

3.15 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied 
jacket, install the field-applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is 
Contractor's option. 

C. Piping, Concealed: 
1. None. 

D. Piping, Exposed: 
1. Aluminum, Smooth or Corrugated with Z-Shaped Locking Seam:  

0.024 inch (0.61 mm) thick. 

 

END OF SECTION 23 07 19 
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SECTION 23 09 00 

INSTRUMENTATION AND CONTROL FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes control equipment for HVAC systems and components, including 
control components for terminal heating and cooling units not supplied with factory-
wired controls. 

B. See Section 230993 "Sequence of Operations for HVAC Controls" for requirements 
that relate to this Section. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each control device indicated. 

B. Shop Drawings: 

1. Schematic flow diagrams. 

2. Power, signal, and control wiring diagrams. 

3. Details of control panel faces. 

4. Damper schedule. 

5. Control System Software:  Schematic diagrams, written descriptions, and points 
list. 

1.3 INFORMATIONAL SUBMITTALS 

A. Field quality-control test reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

B. Software and firmware operational documentation. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 
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1. Available Manufacturers:  Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, manufacturers specified. 

2.2 CONTROL SYSTEM 

A. Available Manufacturers: 

1. Alerton Inc. 

2. Automated Logic Corporation. 

3. Honeywell International Inc.; Home & Building Control. 

4. Johnson Controls, Inc.; Controls Group. 

5. Siemens Building Technologies, Inc. 

6. Trane; Worldwide Applied Systems Group. 

7. Daikin. 

B. Control system shall consist of sensors, indicators, actuators, final control elements, 
interface equipment, other apparatus, and accessories to control mechanical systems. 

C. Control system shall consist of sensors, indicators, actuators, final control elements, 
interface equipment, other apparatus, accessories, and software connected to 
distributed controllers operating in multiuser, multitasking environment on token-
passing network and programmed to control mechanical systems.  An operator 
workstation permits interface with the network via dynamic color graphics with each 
mechanical system, building floor plan, and control device depicted by point-and-click 
graphics. 

2.3 VARIABLE REFRIGERANT VOLUME SYSTEM CONTROLS 

A. Individual wall mounted controllers and component wiring. 

1. Each VRV fan coil unit shall be wired with 18 gauge 2-conducter, stranded, non-
shielded cable to the control board on it’s associated Branch Selector Box (BS 
box).  Where multiple fan coil units share a branch selector box, the fan coil unit 
wiring shall make a daisy-chain.  Where fan coil units are provided without 
branch selectors, these fan coil units shall be wired in the daisy-chain of branch 
selectors to the control board of the VRV condensing unit. 

2. Each VRV Branch Selector shall be wired in a daisy-chain sequence back to the 
associated condensing unit. 

3. Each fan coil unit shall be supplied with a wall mounted thermostat controller.  
The controller shall be wired to the fan coil unit’s control board using an 18 gauge 
2-conducter, stranded, non-shielded cable.  The controller shall have a backlit 
LCD display and be able to support the following display items and user input 
operations: 

a. On/Off control 

b. Manual change of mode of operation 

c. Fan speed 

d. Setpoint adjustment 

http://www.specagent.com/LookUp/?ulid=4485&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806748&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806751&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822863&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822865&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806762&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822872&mf=04&src=wd
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e. Reading of setpoint temp, actual room temp, fan speed setting, and mode 
of operation on the unit display. 

4. The controllers shall be capable of diagnostic use and provide malfunction codes 
to indicate the type of failure that has occurred. 

5. The controllers shall be capable of accepting independent setpoints for cooling 
and heating operation.  The use of a common setpoint is not allowable due to 
wide swings in space temperature resulting from “dead band” resulting from a 
common setpoint. 

6. The system shall provide automatic change-over from heating to cooling mode of 
operation.  If, in heating mode, the space temperature rises 1 degree above the 
cooling setpoint, the system shall change from heating to cooling mode.  If, in 
cooling mode, the space falls 1 degree below the heating setpoint, the system 
shall change from cooling to heating mode.  Auto-change-over is required for all 
systems (heat pump and heat recovery).  If not available in heat pump system, 
then the manufacturer must provide heat recovery to meet this requirement. 

7. Adjustable setback temperature – The controllers shall allow for independent and 
adjustable setback temperature at each unit.  The setback temperature 
(adjustable) shall determine the “override” temperature to start the system when 
in setback mode if the temperature rises or falls outside of the specified range. 

8. Wall mounted controllers shall also be capable of displaying the return air and 
refrigerant pipe thermistor values for service assistance. 

9. Where VRV systems are specified with electric heaters (external), the wall 
mounted controllers shall directly control the external heater.  The electric heat 
shall be considered the primary heating source unless the central controller is 
used to provide an alternate control strategy. 

B. Factory Native Central Controller (Primary) 

1. The VRV manufacturer shall provide a web-enabled factory native central 
controller intended to be the primary central controller for the building. 

2. The central controller shall be connected to the VRV systems via a 2 wire daisy-
chain of the condensing units.  The VRV condensing unit daisy-chain shall be 
wired to the central controller. 

3. The Central controller will require a 24 VAC power supply. 

4. The Central Controller shall provide the following: 

a. Central control of setpoints, schedules, airflow rates, heat/cool mode 

b. Adjustable control of setback (override) temperature settings during 
unoccupied periods 

c. Adjustable temperature limits to restrict local wall mounted thermostat 
setpoint ranges. 

d. Scheduling of zones and individual units. 

e. Visible and audible alarm indication of any system malfunction with error 
code. 

f. Large 10.4” LCD display 
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g. External Digital input/output and display of external input values 

h. External Analog input/output and display of external input values 

i. Tiered hierarchy allowing for control of fan coil units independently or as a 
group. 

j. Remote disable of individual functions of the wall mounted controllers. 

k. Incorporation of building floor plan drawings into the navigation interface 
allowing the user to navigate to the required fan coil units by using the floor 
plan drawings.  Temperature and setpoint values shall be visible on the 
plan. 

l. Control sequencing as detailed in Section 230993 "Sequence of 
Operations for HVAC Controls".  

2.4 UNITARY CONTROLLERS 

A. Unitized, capable of stand-alone operation with sufficient memory to support its 
operating system, database, and programming requirements, and with sufficient I/O 
capacity for the application. 

1. Configuration:  Local keypad and display; diagnostic LEDs for power, 
communication, and processor; wiring termination to terminal strip or card 
connected with ribbon cable; memory with bios; and 72-hour battery backup. 

2. Operating System:  Manage I/O communication to allow distributed controllers to 
share real and virtual object information and allow central monitoring and alarms.  
Perform scheduling with real-time clock. Perform automatic system diagnostics; 
monitor system and report failures. 

3. Enclosure:  Dustproof rated for operation at 32 to 120 deg F (0 to 50 deg C). 

2.5 ANALOG CONTROLLERS 

A. Step Controllers:  6- or 10-stage type, with heavy-duty switching rated to handle loads 
and operated by electric motor. 

B. Electronic Controllers:  Wheatstone-bridge-amplifier type, in steel enclosure with 
provision for remote-resistance readjustment.  Identify adjustments on controllers, 
including proportional band and authority. 

1. Single controllers can be integral with control motor if provided with accessible 
control readjustment potentiometer. 

C. Fan-Speed Controllers:  Solid-state model providing field-adjustable proportional 
control of motor speed from maximum to minimum of 55 percent and on-off action 
below minimum fan speed.  Controller shall briefly apply full voltage, when motor is 
started, to rapidly bring motor up to minimum speed.  Equip with filtered circuit to 
eliminate radio interference. 

2.6 TIME CLOCKS 

A. Available Manufacturers: 

1. ATC-Diversified Electronics. 

2. Grasslin Controls Corporation. 

http://www.specagent.com/LookUp/?ulid=4486&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806772&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806773&mf=04&src=wd
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3. Paragon Electric Co., Inc. 

4. Precision Multiple Controls, Inc. 

5. SSAC Inc.; ABB USA. 

6. TCS/Basys Controls. 

7. Theben AG - Lumilite Control Technology, Inc. 

8. Time Mark Corporation. 

B. Seven-day, programming-switch timer with synchronous-timing motor and seven-day 
dial; continuously charged, nickel-cadmium-battery-driven, eight-hour, power-failure 
carryover; multiple-switch trippers; minimum of two and maximum of eight signals per 
day with two normally open and two normally closed output contacts. 

C. Solid-state, programmable time control with 4 separate programs each with up to 100 
on-off operations; 1-second resolution; lithium battery backup; keyboard interface and 
manual override; individual on-off-auto switches for each program; 365-day calendar 
with 20 programmable holidays; choice of fail-safe operation for each program; system 
fault alarm; and communications package allowing networking of time controls and 
programming from PC. 

2.7 ELECTRONIC SENSORS 

A. Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as 
required. 

B. Thermistor Temperature Sensors and Transmitters: 
1. Available Manufacturers: 

a. BEC Controls Corporation. 
b. Ebtron, Inc. 
c. Heat-Timer Corporation. 
d. I.T.M. Instruments Inc. 
e. MAMAC Systems, Inc. 
f. RDF Corporation. 

2. Accuracy:  Plus or minus 0.5 deg F (0.3 deg C) at calibration point. 
3. Wire:  Twisted, shielded-pair cable. 
4. Insertion Elements in Ducts:  Single point, 8 inches (200 mm) long; use where 

not affected by temperature stratification or where ducts are smaller than 9 sq. ft. 
(0.84 sq. m). 

5. Averaging Elements in Ducts:  36 inches (915 mm) long, flexible; use where 
prone to temperature stratification or where ducts are larger than 10 sq. ft. (1 
sq. m). 

6. Insertion Elements for Liquids:  Brass or stainless-steel socket with minimum 
insertion length of 2-1/2 inches (64 mm). 

7. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 
a. Set-Point Adjustment:  Exposed. 
b. Set-Point Indication:  Exposed. 
c. Thermometer:  Concealed. 
d. Orientation:  Vertical or Horizontal. 

8. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight. 
9. Room Security Sensors:  Stainless-steel cover plate with insulated back and 

security screws. 

http://www.specagent.com/LookUp/?uid=123456806774&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806775&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456822875&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806776&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806777&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806778&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=4487&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806779&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806780&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806781&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806782&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806783&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456806784&mf=04&src=wd
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C. RTDs and Transmitters: 
1. Available Manufacturers: 

a. BEC Controls Corporation. 
b. MAMAC Systems, Inc. 
c. RDF Corporation. 

2. Accuracy:  Plus or minus 0.2 percent at calibration point. 
3. Wire:  Twisted, shielded-pair cable. 
4. Insertion Elements in Ducts:  Single point, 8 inches (200 mm) long; use where 

not affected by temperature stratification or where ducts are smaller than 9 sq. ft. 
(0.84 sq. m). 

5. Averaging Elements in Ducts:  18 inches (460 mm) long, rigid; use where prone 
to temperature stratification or where ducts are larger than 9 sq. ft. (0.84 sq. m); 
length as required. 

6. Insertion Elements for Liquids:  Brass socket with minimum insertion length of 2-
1/2 inches (64 mm). 

7. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 
a. Set-Point Adjustment:  Exposed. 
b. Set-Point Indication:  Exposed. 
c. Thermometer:  Concealed. 
d. Orientation:  Vertical or Horizontal. 

8. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight. 
9. Room Security Sensors:  Stainless-steel cover plate with insulated back and 

security screws. 
D. Humidity Sensors:  Bulk polymer sensor element. 

1. Available Manufacturers: 
a. BEC Controls Corporation. 
b. General Eastern Instruments. 
c. MAMAC Systems, Inc. 
d. ROTRONIC Instrument Corp. 
e. TCS/Basys Controls. 
f. Vaisala. 

2. Accuracy:  5 percent full range with linear output. 
3. Room Sensor Range:  20 to 80 percent relative humidity. 
4. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 

a. Set-Point Adjustment:  Exposed. 
b. Set-Point Indication:  Exposed. 
c. Thermometer:  Concealed. 
d. Orientation:  Vertical or Horizontal. 

5. Duct Sensor:  20 to 80 percent relative humidity range with element guard and 
mounting plate. 

6. Outside-Air Sensor:  20 to 80 percent relative humidity range with mounting 
enclosure, suitable for operation at outdoor temperatures of 32 to 120 deg F (0 to 
50 deg C). 

7. Duct and Sensors:  With element guard and mounting plate, range of 0 to 100 
percent relative humidity. 

E. Pressure Transmitters/Transducers: 
1. Available Manufacturers: 

a. BEC Controls Corporation. 
b. General Eastern Instruments. 
c. MAMAC Systems, Inc. 
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d. ROTRONIC Instrument Corp. 
e. TCS/Basys Controls. 
f. Vaisala. 

2. Static-Pressure Transmitter:  Nondirectional sensor with suitable range for 
expected input, and temperature compensated. 
a. Accuracy:  2 percent of full scale with repeatability of 0.5 percent. 
b. Output:  4 to 20 mA. 
c. Building Static-Pressure Range:  0- to 0.25-inch wg (0 to 62 Pa). 
d. Duct Static-Pressure Range:  0- to 5-inch wg (0 to 1240 Pa). 

3. Differential-Pressure Switch (Air or Water):  Snap acting, with pilot-duty rating 
and with suitable scale range and differential. 

4. Pressure Transmitters:  Direct acting for gas or liquid service; range suitable for 
system; linear output 4 to 20 mA. 

F. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 
a. Set-Point Adjustment:  Exposed. 
b. Set-Point Indication:  Exposed. 
c. Thermometer:  Concealed. 
d. Orientation:  Vertical or Horizontal. 

G. Room sensor accessories include the following: 
1. Insulating Bases:  For sensors located on exterior walls. 
2. Guards:  Metal wire, tamperproof. 
3. Adjusting Key:  As required for calibration and cover screws. 

2.8 STATUS SENSORS 

A. Status Inputs for Fans:  Differential-pressure switch with pilot-duty rating and with 
adjustable range of 0- to 5-inch wg (0 to 1240 Pa). 

B. Status Inputs for Electric Motors:  Comply with ISA 50.00.01, current-sensing fixed- or 
split-core transformers with self-powered transmitter, adjustable and suitable for 175 
percent of rated motor current. 

C. Voltage Transmitter (100- to 600-V ac):  Comply with ISA 50.00.01, single-loop, self-
powered transmitter, adjustable, with suitable range and 1 percent full-scale accuracy. 

D. Power Monitor:  3-phase type with disconnect/shorting switch assembly, listed voltage 
and current transformers, with pulse kilowatt hour output and 4- to 20-mA kW output, 
with maximum 2 percent error at 1.0 power factor and 2.5 percent error at 0.5 power 
factor. 

E. Current Switches:  Self-powered, solid-state with adjustable trip current, selected to 
match current and system output requirements. 

F. Electronic Damper Position Indicator:  Visual scale indicating percent of travel and 2- to 
10-V dc, feedback signal. 

2.9 GAS DETECTION EQUIPMENT 

A. Available Manufacturers: 

1. B. W. Technologies. 

2. CEA Instruments, Inc. 

3. Ebtron, Inc. 
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4. Gems Sensors Inc. 

5. Greystone Energy Systems Inc. 

6. Honeywell International Inc.; Home & Building Control. 

7. INTEC Controls, Inc. 

8. I.T.M. Instruments Inc. 

9. MSA Canada Inc. 

10. QEL/Quatrosense Environmental Limited. 

11. Sauter Controls Corporation. 

12. Sensidyne, Inc. 

13. TSI Incorporated. 

14. Vaisala. 

15. Vulcain Inc. 

B. Carbon Dioxide Sensor and Transmitter:  Single detectors using solid-state infrared 
sensors; suitable over a temperature range of 23 to 130 deg F (minus 5 to plus 55 
deg C) and calibrated for 0 to 2 percent, with continuous or averaged reading, 4- to 20-
mA output;, for wall mounting. 

C. Occupancy Sensor:  Passive infrared, with time delay, daylight sensor lockout, 
sensitivity control, and 180-degree field of view with vertical sensing adjustment; for 
flush mounting. 

2.10 THERMOSTATS 

A. Available Manufacturers: 

1. Erie Controls. 

2. Danfoss Inc.; Air-Conditioning and Refrigeration Div. 

3. Heat-Timer Corporation. 

4. Sauter Controls Corporation. 

5. tekmar Control Systems, Inc. 

6. Theben AG - Lumilite Control Technology, Inc. 

7. Daikin. 

B. Electric, solid-state, microcomputer-based room thermostat with remote sensor. 

1. Automatic switching from heating to cooling. 

2. Preferential rate control to minimize overshoot and deviation from set point. 

3. Set up for four separate temperatures per day. 

4. Instant override of set point for continuous or timed period from 1 hour to 31 
days. 

5. Short-cycle protection. 
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6. Programming based on weekday, Saturday, and Sunday. 

7. Selection features include degree F or degree C display, 12- or 24-hour clock, 
keyboard disable, remote sensor, and fan on-auto. 

8. Battery replacement without program loss. 

9. Thermostat display features include the following: 

a. Time of day. 

b. Actual room temperature. 

c. Programmed temperature. 

d. Programmed time. 

e. Duration of timed override. 

f. Day of week. 

g. System mode indications include "heating," "off," "fan auto," and "fan on." 

C. Low-Voltage, On-Off Thermostats:  NEMA DC 3, 24-V, bimetal-operated, mercury-
switch type, with adjustable or fixed anticipation heater, concealed set-point 
adjustment, 55 to 85 deg F (13 to 30 deg C) set-point range, and 2 deg F (1 deg C) 
maximum differential. 

D. Line-Voltage, On-Off Thermostats:  Bimetal-actuated, open contact or bellows-
actuated, enclosed, snap-switch or equivalent solid-state type, with heat anticipator; 
listed for electrical rating; with concealed set-point adjustment, 55 to 85 deg F (13 to 30 
deg C) set-point range, and 2 deg F (1 deg C) maximum differential. 

1. Electric Heating Thermostats:  Equip with off position on dial wired to break 
ungrounded conductors. 

2. Selector Switch:  Integral, manual on-off-auto. 

E. Remote-Bulb Thermostats:  On-off or modulating type, liquid filled to compensate for 
changes in ambient temperature; with copper capillary and bulb, unless otherwise 
indicated. 

1. Bulbs in water lines with separate wells of same material as bulb. 

2. Bulbs in air ducts with flanges and shields. 

3. Averaging Elements:  Copper tubing with either single- or multiple-unit elements, 
extended to cover full width of duct or unit; adequately supported. 

4. Scale settings and differential settings are clearly visible and adjustable from 
front of instrument. 

5. On-Off Thermostat:  With precision snap switches and with electrical ratings 
required by application. 

6. Modulating Thermostats:  Construct so complete potentiometer coil and wiper 
assembly is removable for inspection or replacement without disturbing 
calibration of instrument. 

F. Room Thermostat Cover Construction:  Manufacturer's standard locking covers. 

a. Set-Point Adjustment:  Exposed. 
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b. Set-Point Indication:  Exposed. 

c. Thermometer:  Concealed. 

d. Orientation:  Vertical or Horizontal. 

G. Room thermostat accessories include the following: 

1. Insulating Bases:  For thermostats located on exterior walls. 

2. Thermostat Guards:  Metal wire, tamperproof. 

3. Adjusting Key:  As required for calibration and cover screws. 

4. Set-Point Adjustment:  1/2-inch- (13-mm-) diameter, adjustment knob. 

2.11 ACTUATORS 

A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth 
modulating action or two-position action. 

1. Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil 
immersed and sealed.  Equip spring-return motors with integral spiral-spring 
mechanism in housings designed for easy removal for service or adjustment of 
limit switches, auxiliary switches, or feedback potentiometer. 

2. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for 
running torque of 150 in. x lbf (16.9 N x m) and breakaway torque of 300 in. x lbf 
(33.9 N x m). 

3. Spring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for 
running and breakaway torque of 150 in. x lbf (16.9 N x m). 

4. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m):  Size 
for running torque of 150 in. x lbf (16.9 N x m) and breakaway torque of 300 in. x 
lbf (33.9 N x m). 

5. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m):  Size for 
running and breakaway torque of 150 in. x lbf (16.9 N x m). 

B. Electronic Actuators:  Direct-coupled type designed for minimum 60,000 full-stroke 
cycles at rated torque. 

1. Available Manufacturers: 

a. Belimo Aircontrols (USA), Inc. 

2. Dampers:  Size for running torque calculated as follows: 

a. Parallel-Blade Damper with Edge Seals:  7 inch-lb/sq. ft. (86.8 kg-
cm/sq. m) of damper. 

b. Opposed-Blade Damper with Edge Seals:  5 inch-lb/sq. ft. (62 kg-cm/sq. m) 
of damper. 

c. Parallel-Blade Damper without Edge Seals:  4 inch-lb/sq. ft (49.6 kg-
cm/sq. m) of damper. 

d. Opposed-Blade Damper without Edge Seals:  3 inch-lb/sq. ft. (37.2 kg-
cm/sq. m) of damper. 
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e. Dampers with 2- to 3-Inch wg (500 to 750 Pa) of Pressure Drop or Face 
Velocities of 1000 to 2500 fpm (5 to 13 m/s):  Increase running torque by 
1.5. 

f. Dampers with 3- to 4-Inch wg (750 to 1000 Pa) of Pressure Drop or Face 
Velocities of 2500 to 3000 fpm (13 to 15 m/s):  Increase running torque by 
2.0. 

3. Coupling:  V-bolt and V-shaped, toothed cradle. 

4. Overload Protection:  Electronic overload or digital rotation-sensing circuitry. 

5. Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, 
manual gear release on nonspring-return actuators. 

6. Power Requirements (Two-Position Spring Return):  24-V ac. 

7. Power Requirements (Modulating):  Maximum 10 VA at 24-V ac or 8 W at 24-V 
dc. 

8. Proportional Signal:  2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position 
feedback signal. 

9. Temperature Rating:  40 to 104 deg F (5 to 40 deg C). 

10. Temperature Rating (Smoke Dampers):  Minus 22 to plus 250 deg F (Minus 30 to 
plus 121 deg C). 

11. Run Time:  30 seconds. 

2.12 DAMPERS 

A. Available Manufacturers: 

1. Air Balance Inc. 

2. Don Park Inc.; Autodamp Div. 

3. TAMCO (T. A. Morrison & Co. Inc.). 

4. United Enertech Corp. 

5. Vent Products Company, Inc. 

B. Dampers:  AMCA-rated, opposed-blade design; 0.108-inch- (2.8-mm-) minimum thick, 
galvanized-steel or 0.125-inch- (3.2-mm-) minimum thick, extruded-aluminum frames 
with holes for duct mounting; damper blades shall not be less than 0.064-inch- (1.6-
mm-) thick galvanized steel with maximum blade width of 8 inches (200 mm) and 
length of 48 inches (1220 mm). 

1. Secure blades to 1/2-inch- (13-mm-) diameter, zinc-plated axles using zinc-
plated hardware, with oil-impregnated sintered bronze blade bearings, blade-
linkage hardware of zinc-plated steel and brass, ends sealed against spring-
stainless-steel blade bearings, and thrust bearings at each end of every blade. 

2. Operating Temperature Range:  From minus 40 to plus 200 deg F (minus 40 to 
plus 93 deg C). 

3. Edge Seals, Standard Pressure Applications:  Closed-cell neoprene. 
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4. Edge Seals, Low-Leakage Applications:  Use inflatable blade edging or 
replaceable rubber blade seals and spring-loaded stainless-steel side seals, 
rated for leakage at less than 10 cfm per sq. ft. (50 L/s per sq. m) of damper 
area, at differential pressure of 4-inch wg (1000 Pa) when damper is held by 
torque of 50 in. x lbf (5.6 N x m); when tested according to AMCA 500D. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Verify location of thermostats, humidistats, and other exposed control sensors with 
Drawings and room details before installation.  Install devices 48 inches (1220 mm) 
above the floor. 

1. Install averaging elements in ducts and plenums in crossing or zigzag pattern. 

B. Install guards on thermostats in the following locations: 

1. Entrances. 

2. Public areas. 

3. Where indicated. 

C. Install automatic dampers according to Section 233300 "Air Duct Accessories." 

D. Install damper motors on outside of duct in warm areas, not in locations exposed to 
outdoor temperatures. 

E. Install labels and nameplates to identify control components according to 
Section 230553 "Identification for HVAC Piping and Equipment." 

F. Install refrigerant instrument wells, valves, and other accessories according to 
Section 232300 "Refrigerant Piping." 

G. Install duct volume-control dampers according to Section 233113 "Metal Ducts". 

H. Install electronic and fiber-optic cables according to Section 271500 "Communications 
Horizontal Cabling." 

3.2 ELECTRICAL WIRING AND CONNECTION INSTALLATION 

A. Install raceways, boxes, and cabinets according to Section 260533 "Raceways and 
Boxes for Electrical Systems." 

B. Install building wire and cable according to Section 260519 "Low-Voltage Electrical 
Power Conductors and Cables." 

C. Install signal and communication cable according to Section 271500 "Communications 
Horizontal Cabling." 

1. Conceal cable, except in mechanical rooms and areas where other conduit and 
piping are exposed. 

2. Install exposed cable in raceway. 

3. Install concealed cable in raceway. 
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4. Bundle and harness multiconductor instrument cable in place of single cables 
where several cables follow a common path. 

5. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect 
against abrasion.  Tie and support conductors. 

6. Number-code or color-code conductors for future identification and service of 
control system, except local individual room control cables. 

7. Install wire and cable with sufficient slack and flexible connections to allow for 
vibration of piping and equipment. 

D. Connect manual-reset limit controls independent of manual-control switch positions.  
Automatic duct heater resets may be connected in interlock circuit of power controllers. 

E. Connect hand-off-auto selector switches to override automatic interlock controls when 
switch is in hand position. 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect, test, and adjust field-assembled components and equipment installation, 
including connections, and to assist in field testing.  Report results in writing. 

B. Perform the following field tests and inspections and prepare test reports: 

1. Operational Test:  After electrical circuitry has been energized, start units to 
confirm proper unit operation.  Remove and replace malfunctioning units and 
retest. 

2. Test and adjust controls and safeties. 

3. Test calibration of controllers by disconnecting input sensors and stimulating 
operation with compatible signal generator. 

4. Test each point through its full operating range to verify that safety and operating 
control set points are as required. 

5. Test each control loop to verify stable mode of operation and compliance with 
sequence of operation.  Adjust PID actions. 

6. Test each system for compliance with sequence of operation. 

7. Test software and hardware interlocks. 

C. Replace damaged or malfunctioning controls and equipment and repeat testing 
procedures. 

3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain HVAC instrumentation and controls.  

END OF SECTION 23 09 00 
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SECTION 23 09 93 

SEQUENCE OF OPERATIONS FOR HVAC CONTROLS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes control sequences for HVAC systems, subsystems, and 
equipment. 

B. See Section 230900 "Instrumentation and Control for HVAC" for control 
equipment and devices and for submittal requirements. 

1.2 VARIABLE REFRIGERANT VOLUME SYSTEM OPERATING SEQUENCE 

A. Fan Coil Unit Control: 

1. Each room with a VRV fan coil unit shall have a wall mounted controller.  
(Rooms with multiple ductless units shall use a common wall mounted 
controller) The central controller shall limit the high and low setpoint limits 
(as determined by the owner at commissioning).  The central controller 
shall overwrite any setpoint that is out of the range limit.  These limits shall 
be adjustable at the VRV central controller or via the web interface into the 
system.  For purposes of initial programming, the system will be 
commissioned to limit cooling setpoints between 72-75 deg F and Heating 
setpoints between 67-72 deg F.  Each zone shall control to the active 
setpoint temperature on the wall mounted controller. The schedule of 
operation hours shall be controlled by the central controller. 

2. The fan coil’s mode of operation shall be controlled by the wall mounted 
controller.  The occupant will have the ability to control the room’s HVAC 
system to either heating, cooling, or auto change over mode.  The fan coil 
shall have temperature sensors factory mounted on the liquid pipe of the 
coil (just past the expansion valve) and the refrigerant gas line to measure 
the temperature of the refrigerant leaving the coil. 

3. During cooling operation, the VRV fan coil unit shall modulate the 
expansion valve in order to maintain a target of 9 degrees of superheat at 
the fan coil’s heat exchanger.  The fan speed shall have multiple speeds 
that are controlled manually at the wall mounted controller.  Each fan coil 
shall be configured to shut off the fan when the temperature setpoint is 
satisfied. 

4. During heating operation, the expansion valve will control to a subcooling 
target as the fan coil heat exchanger becomes a condenser coil.  The 
expansion valve will modulate to control to approximately a 9 degree 
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subcooling temperature between the thermistor on the liquid line of the fan 
coil and the high pressure equivalent saturation temperature measured at 
the condensing unit (compressor discharge). 

B. Condensing Unit Control:  

1. The VRV condensing unit will modulate the compressor speed during 
cooling operation to meet the target suction gas temperature at the 
condensing unit.  The target shall vary during operation in the range of 32 
– 40 degrees. 

2. During heating operation, the condensing unit’s expansion valve shall 
modulate to maintain a 9 degree superheat at the condensing unit’s heat 
exchanger (now an evaporator coil).  Compressor speed during heat 
operation shall modulate to maintain the target high pressure target 
(discharge gas temp).                                       

C. Life Safety:  

1.       Upon activation of local smoke detector or duct smoke detectors, unit 
fans shall shut       

          down independent of operating mode. 

1.3 TERMINAL UNIT OPERATING SEQUENCE 

A. Unit Heater, Electric:  Room thermostat cycles fan and sequences stages of 
heating. 

1.4 VENTILATION SEQUENCES 

A. Exhaust Fan:  Room thermostat cycles fan. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 23 09 93 
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SECTION 23 23 00 

REFRIGERANT PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. This Section includes refrigerant piping used for air-conditioning 
applications. 

1.3 PERFORMANCE REQUIREMENTS 

A. Line Test Pressure for Refrigerant R-410A: 

1. Suction Lines for Air-Conditioning Applications:  300 psig (2068 kPa). 

2. Suction Lines for Heat-Pump Applications:  535 psig (3689 kPa). 

3. Hot-Gas and Liquid Lines:  535 psig (3689 kPa). 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of valve and refrigerant piping specialty 
indicated.  Include pressure drop, based on manufacturer's test data, for the 
following: 

1. Thermostatic expansion valves. 

2. Solenoid valves. 

3. Hot-gas bypass valves. 

4. Filter dryers. 

5. Strainers. 

6. Pressure-regulating valves. 

B. Shop Drawings:  Show layout of refrigerant piping and specialties, including 
pipe, tube, and fitting sizes, flow capacities, valve arrangements and 
locations, slopes of horizontal runs, oil traps, double risers, wall and floor 
penetrations, and equipment connection details.  Show interface and spatial 
relationships between piping and equipment. 

1. Shop Drawing Scale:  1/4 inch equals 1 foot (1:50). 
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2. Refrigerant piping indicated on Drawings is schematic only.  Size 
piping and design actual piping layout, including oil traps, double 
risers, specialties, and pipe and tube sizes to accommodate, as a 
minimum, equipment provided, elevation difference between 
compressor and evaporator, and length of piping to ensure proper 
operation and compliance with warranties of connected equipment. 

1.5 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

B. Field quality-control test reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For refrigerant valves and piping 
specialties to include in maintenance manuals. 

1.7 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to ASME Boiler and 
Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications." 

B. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems." 

C. Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer 
Components." 

1.8 PRODUCT STORAGE AND HANDLING 

A. Store piping in a clean and protected area with end caps in place to ensure 

that piping interior and exterior are clean when installed. 

1.9 COORDINATION 

A. Coordinate size and location of equipment supports, and roof penetrations. 

PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 

A. Copper Tube:  ASTM B 280, Type ACR. 

B. Wrought-Copper Fittings:  ASME B16.22. 

C. Wrought-Copper Unions:  ASME B16.22. 

D. Solder Filler Metals:  ASTM B 32.  Use 95-5 tin antimony or alloy HB solder 
to join copper socket fittings on copper pipe. 

E. Brazing Filler Metals:  AWS A5.8. 
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F. Flexible Connectors: 

1. Body:  Tin-bronze bellows with woven, flexible, tinned-bronze-wire-
reinforced protective jacket. 

2. End Connections:  Socket ends. 

3. Offset Performance:  Capable of minimum 3/4-inch (20-mm) 
misalignment in minimum 7-inch- (180-mm-) long assembly. 

4. Pressure Rating:  Factory test at minimum 500 psig (3450 kPa). 

5. Maximum Operating Temperature:  250 deg. F (121 deg. C). 

2.2 STEEL PIPE AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; Type, Grade, 
and wall thickness as selected in Part 3 piping applications articles. 

B. Wrought-Steel Fittings:  ASTM A 234/A 234M, for welded joints. 

C. Steel Flanges and Flanged Fittings:  ASME B16.5, steel, including bolts, 
nuts, and gaskets, bevel-welded end connection, and raised face. 

D. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding 
materials appropriate for wall thickness and chemical analysis of steel pipe 
being welded. 

E. Flanged Unions: 

1. Body:  Forged-steel flanges for NPS 1 to NPS 1-1/2 (DN 25 to DN 40) 
and ductile iron for NPS 2 to NPS 3 (DN 50 to DN 80).  Apply rust-
resistant finish at factory. 

2. Gasket:  Fiber asbestos free. 

3. Fasteners:  Four plated-steel bolts, with silicon bronze nuts.  Apply 
rust-resistant finish at factory. 

4. End Connections:  Brass tailpiece adapters for solder-end connections 
to copper tubing. 

5. Offset Performance:  Capable of minimum 3/4-inch (20-mm) 
misalignment in minimum 7-inch- (180-mm-) long assembly. 

6. Pressure Rating:  Factory test at minimum 400 psig (2760 kPa). 

7. Maximum Operating Temperature:  330 deg. F (165 deg. C). 

F. Flexible Connectors: 

1. Body:  Stainless-steel bellows with woven, flexible, stainless-steel-
wire-reinforced protective jacket 

2. End Connections: 

a. NPS 2 (DN 50) and Smaller:  With threaded-end connections. 
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b. NPS 2-1/2 (DN 65) and Larger:  With flanged-end connections. 

3. Offset Performance:  Capable of minimum 3/4-inch (20-mm) 
misalignment in minimum 7-inch- (180-mm-) long assembly. 

4. Pressure Rating:  Factory test at minimum 500 psig (3450 kPa). 

5. Maximum Operating Temperature:  250 deg. F (121 deg. C). 

2.3 VALVES AND SPECIALTIES 

A. Diaphragm Packless Valves: 

1. Body and Bonnet:  Forged brass or cast bronze; globe design with 
straight-through or angle pattern. 

2. Diaphragm:  Phosphor bronze and stainless steel with stainless-steel 
spring. 

3. Operator:  Rising stem and hand wheel. 

4. Seat:  Nylon. 

5. End Connections:  Socket, union, or flanged. 

6. Working Pressure Rating:  500 psig (3450 kPa). 

7. Maximum Operating Temperature:  275 deg. F (135 deg. C). 

B. Packed-Angle Valves: 

1. Body and Bonnet:  Forged brass or cast bronze. 

2. Packing:  Molded stem, back seating, and replaceable under pressure. 

3. Operator:  Rising stem. 

4. Seat:  Nonrotating, self-aligning polytetrafluoroethylene. 

5. Seal Cap:  Forged-brass or valox hex cap. 

6. End Connections:  Socket, union, threaded, or flanged. 

7. Working Pressure Rating:  500 psig (3450 kPa). 

8. Maximum Operating Temperature:  275 deg. F (135 deg. C). 

C. Check Valves: 

1. Body:  Ductile iron, forged brass, or cast bronze; globe pattern. 

2. Bonnet:  Bolted ductile iron, forged brass, or cast bronze; or brass hex 
plug. 

3. Piston:  Removable polytetrafluoroethylene seat. 

4. Closing Spring:  Stainless steel. 

5. Manual Opening Stem:  Seal cap, plated-steel stem, and graphite seal. 

6. End Connections:  Socket, union, threaded, or flanged. 
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7. Maximum Opening Pressure:  0.50 psig (3.4 kPa). 

8. Working Pressure Rating:  500 psig (3450 kPa). 

9. Maximum Operating Temperature:  275 deg. F (135 deg. C). 

D. Service Valves: 

1. Body:  Forged brass with brass cap including key end to remove core. 

2. Core:  Removable ball-type check valve with stainless-steel spring. 

3. Seat:  Polytetrafluoroethylene. 

4. End Connections:  Copper spring. 

5. Working Pressure Rating:  500 psig (3450 kPa). 

E. Solenoid Valves:  Comply with ARI 760 and UL 429; listed and labeled by 
an NRTL. 

1. Body and Bonnet:  Plated steel. 

2. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice:  Stainless 
steel. 

3. Seat:  Polytetrafluoroethylene. 

4. End Connections:  Threaded. 

5. Electrical:  Molded, watertight coil in NEMA 250 enclosure of type 
required by location with 1/2-inch (16-GRC) conduit adapter, and 24-V 
ac coil. 

6. Working Pressure Rating:  400 psig (2760 kPa). 

7. Maximum Operating Temperature:  240 deg. F (116 deg. C). 

8. Manual operator. 

F. Safety Relief Valves:  Comply with ASME Boiler and Pressure Vessel Code; 
listed and labeled by an NRTL. 

1. Body and Bonnet:  Ductile iron and steel, with neoprene O-ring seal. 

2. Piston, Closing Spring, and Seat Insert:  Stainless steel. 

3. Seat Disc:  Polytetrafluoroethylene. 

4. End Connections:  Threaded. 

5. Working Pressure Rating:  400 psig (2760 kPa). 

6. Maximum Operating Temperature:  240 deg. F (116 deg. C). 

G. Thermostatic Expansion Valves:  Comply with ARI 750. 

1. Body, Bonnet, and Seal Cap:  Forged brass or steel. 

2. Diaphragm, Piston, Closing Spring, and Seat Insert:  Stainless steel. 

3. Packing and Gaskets:  Non-asbestos. 
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4. Capillary and Bulb:  Copper tubing filled with refrigerant charge. 

5. Suction Temperature:  40 deg. F (4.4 deg. C). 

6. Superheat:  Adjustable. 

7. Reverse-flow option (for heat-pump applications). 

8. End Connections:  Socket, flare, or threaded union. 

9. Working Pressure Rating:  450 psig (3100 kPa). 

H. Hot-Gas Bypass Valves:  Comply with UL 429; listed and labeled by an 
NRTL. 

1. Body, Bonnet, and Seal Cap:  Ductile iron or steel. 

2. Diaphragm, Piston, Closing Spring, and Seat Insert:  Stainless steel. 

3. Packing and Gaskets:  Non-asbestos. 

4. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice:  Stainless 
steel. 

5. Seat:  Polytetrafluoroethylene. 

6. Equalizer:  Internal. 

7. Electrical:  Molded, watertight coil in NEMA 250 enclosure of type 
required by location with 1/2-inch (16-GRC) conduit adapter, and 24-V 
ac coil. 

8. End Connections:  Socket. 

9. Throttling Range:  Maximum 5 psig (34 kPa). 

10. Working Pressure Rating:  500 psig (3450 kPa). 

11. Maximum Operating Temperature:  240 deg. F (116 deg. C). 

I. Straight-Type Strainers: 

1. Body:  Welded steel with corrosion-resistant coating. 

2. Screen:  100-mesh stainless steel. 

3. End Connections:  Socket or flare. 

4. Working Pressure Rating:  500 psig (3450 kPa). 

5. Maximum Operating Temperature:  275 deg. F (135 deg. C). 

J. Angle-Type Strainers: 

1. Body:  Forged brass or cast bronze. 

2. Drain Plug:  Brass hex plug. 

3. Screen:  100-mesh monel. 

4. End Connections:  Socket or flare. 
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5. Working Pressure Rating:  500 psig (3450 kPa). 

6. Maximum Operating Temperature:  275 deg. F (135 deg. C). 

K. Moisture/Liquid Indicators: 

1. Body:  Forged brass. 

2. Window:  Replaceable, clear, fused glass window with indicating 
element protected by filter screen. 

3. Indicator:  Color coded to show moisture content in ppm. 

4. Minimum Moisture Indicator Sensitivity:  Indicate moisture above 60 
ppm. 

5. End Connections:  Socket or flare. 

6. Working Pressure Rating:  500 psig (3450 kPa). 

7. Maximum Operating Temperature:  240 deg. F (116 deg. C). 

L. Replaceable-Core Filter Dryers:  Comply with ARI 730. 

1. Body and Cover:  Painted-steel shell with ductile-iron cover, stainless-
steel screws, and neoprene gaskets. 

2. Filter Media:  10 micron, pleated with integral end rings; stainless-steel 
support. 

3. Desiccant Media:  Activated alumina or charcoal. 

4. Designed for reverse flow (for heat-pump applications). 

5. End Connections:  Socket. 

6. Access Ports:  NPS 1/4 (DN 8) connections at entering and leaving 
sides for pressure differential measurement. 

7. Maximum Pressure Loss:  2 psig (14 kPa). 

8. Working Pressure Rating:  500 psig (3450 kPa). 

9. Maximum Operating Temperature:  240 deg. F (116 deg. C). 

M. Permanent Filter Dryers:  Comply with ARI 730. 

1. Body and Cover:  Painted-steel shell. 

2. Filter Media:  10 micron, pleated with integral end rings; stainless-steel 
support. 

3. Desiccant Media:  Activated alumina or charcoal. 

4. Designed for reverse flow (for heat-pump applications). 

5. End Connections:  Socket. 

6. Access Ports:  NPS 1/4 (DN 8) connections at entering and leaving 
sides for pressure differential measurement. 
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7. Maximum Pressure Loss:  2 psig (14 kPa). 

8. Working Pressure Rating:  500 psig (3450 kPa). 

9. Maximum Operating Temperature:  240 deg. F (116 deg. C). 

N. Mufflers: 

1. Body:  Welded steel with corrosion-resistant coating. 

2. End Connections:  Socket or flare. 

3. Working Pressure Rating:  500 psig (3450 kPa). 

4. Maximum Operating Temperature:  275 deg. F (135 deg. C). 

O. Receivers:  Comply with ARI 495. 

1. Comply with ASME Boiler and Pressure Vessel Code; listed and 
labeled by an NRTL. 

2. Comply with UL 207; listed and labeled by an NRTL. 

3. Body:  Welded steel with corrosion-resistant coating. 

4. Tappings:  Inlet, outlet, liquid level indicator, and safety relief valve. 

5. End Connections:  Socket or threaded. 

6. Working Pressure Rating:  500 psig (3450 kPa). 

7. Maximum Operating Temperature:  275 deg. F (135 deg. C). 

P. Liquid Accumulators:  Comply with ARI 495. 

1. Body:  Welded steel with corrosion-resistant coating. 

2. End Connections:  Socket or threaded. 

3. Working Pressure Rating:  500 psig (3450 kPa). 

4. Maximum Operating Temperature:  275 deg. F (135 deg. C). 

2.4 REFRIGERANTS 

A. Manufacturers:  Subject to compliance with requirements, provide products 
by one of the following: 

1. Atofina Chemicals, Inc. 

2. DuPont Company; Fluorochemicals Div. 

3. Honeywell, Inc.; Genetron Refrigerants. 

4. INEOS Fluor Americas LLC. 

B. ASHRAE 34, R-410A:  Pentafluoroethane/Difluoromethane. 

http://www.specagent.com/LookUp/?ulid=3417&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812572&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823994&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823995&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812573&mf=04&src=wd
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PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS FOR REFRIGERANT R-410A 

A. Suction Lines NPS 1-1/2 (DN 40) and Smaller for Conventional Air-
Conditioning Applications:  Copper, Type ACR, annealed-temper tubing and 
wrought-copper fittings with brazed joints. 

B. Suction Lines NPS 2 to NPS 3-1/2 (DN 50 to DN 90) for Conventional Air-
Conditioning Applications:  Copper, Type ACR, drawn-temper tubing and 
wrought-copper fittings with brazed joints. 

C. Hot-Gas and Liquid Lines, and Suction Lines for Heat-Pump Applications:  
Copper, Type ACR, annealed- or drawn-temper tubing and wrought-copper 
fittings with brazed joints. 

D. Safety-Relief-Valve Discharge Piping:  Copper, Type ACR, drawn-temper 
tubing and wrought-copper fittings with Alloy HB soldered joints. 

E. Safety-Relief-Valve Discharge Piping: 

1. NPS 1-1/4 (DN 32) and Smaller:  Copper, Type ACR, drawn-temper 
tubing and wrought-copper fittings with 95-5 tin-antimony soldered 
joints. 

2. NPS 1-1/2 to NPS 2 (DN 40 to DN 50):  Copper, Type ACR, drawn-
temper tubing and wrought-copper fittings with Alloy HB soldered 
joints. 

F. Safety-Relief-Valve Discharge Piping NPS 2 to NPS 4 (DN 50 to DN 100):  
Schedule 40, black-steel and wrought-steel fittings with welded joints. 

3.2 VALVE AND SPECIALTY APPLICATIONS 

A. Install diaphragm packless valves in suction and discharge lines of 
compressor. 

B. Install service valves for gage taps at inlet and outlet of hot-gas bypass 
valves and strainers if they are not an integral part of valves and strainers. 

C. Install a check valve at the compressor discharge and a liquid accumulator 
at the compressor suction connection. 

D. Except as otherwise indicated, install diaphragm packless valves on inlet 
and outlet side of filter dryers. 

E. Install a full-sized, three-valve bypass around filter dryers. 

F. Install solenoid valves upstream from each expansion valve and hot-gas 
bypass valve.  Install solenoid valves in horizontal lines with coil at top. 

G. Install thermostatic expansion valves as close as possible to distributors on 
evaporators. 

1. Install valve so diaphragm case is warmer than bulb. 
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2. Secure bulb to clean, straight, horizontal section of suction line using 
two bulb straps.  Do not mount bulb in a trap or at bottom of the line. 

3. If external equalizer lines are required, make connection where it will 
reflect suction-line pressure at bulb location. 

H. Install safety relief valves where required by ASME Boiler and Pressure 
Vessel Code.  Pipe safety-relief-valve discharge line to outside according to 
ASHRAE 15. 

I. Install moisture/liquid indicators in liquid line at the inlet of the thermostatic 
expansion valve or at the inlet of the evaporator coil capillary tube. 

J. Install strainers upstream from and adjacent to the following unless they are 
furnished as an integral assembly for device being protected: 

1. Solenoid valves. 

2. Thermostatic expansion valves. 

3. Hot-gas bypass valves. 

4. Compressor. 

K. Install filter dryers in liquid line between compressor and thermostatic 
expansion valve, and in the suction line at the compressor. 

L. Install receivers sized to accommodate pump-down charge. 

M. Install flexible connectors at compressors. 

3.3 PIPING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and 
arrangement of piping systems; indicated locations and arrangements were 
used to size pipe and calculate friction loss, expansion, pump sizing, and 
other design considerations.  Install piping as indicated unless deviations to 
layout are approved on Shop Drawings. 

B. Install refrigerant piping according to ASHRAE 15. 

C. Install piping in concealed locations unless otherwise indicated and except 
in equipment rooms and service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and 
service areas at right angles or parallel to building walls.  Diagonal runs are 
prohibited unless specifically indicated otherwise. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling 
panel removal. 

F. Install piping adjacent to machines to allow service and maintenance. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 
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I. Select system components with pressure rating equal to or greater than 
system operating pressure. 

J. Refer to Section 230900 "Instrumentation and Control for HVAC" and 
Section 230993 "Sequence of Operations for HVAC Controls" for solenoid 
valve controllers, control wiring, and sequence of operation. 

K. Install piping as short and direct as possible, with a minimum number of 
joints, elbows, and fittings. 

L. Arrange piping to allow inspection and service of refrigeration equipment.  
Install valves and specialties in accessible locations to allow for service and 
inspection.  Install refrigerant piping in protective conduit where installed 
belowground. 

M. Install refrigerant piping in rigid or flexible conduit in locations where 
exposed to mechanical injury. 

N. Slope refrigerant piping as follows: 

1. Install horizontal hot-gas discharge piping with a uniform slope 
downward away from compressor. 

2. Install horizontal suction lines with a uniform slope downward to 
compressor. 

3. Install traps and double risers to entrain oil in vertical runs. 

4. Liquid lines may be installed level. 

O. When brazing or soldering, remove solenoid-valve coils and sight glasses; 
also remove valve stems, seats, and packing, and accessible internal parts 
of refrigerant specialties.  Do not apply heat near expansion-valve bulb. 

P. Install piping with adequate clearance between pipe and adjacent walls and 
hangers or between pipes for insulation installation. 

Q. Identify refrigerant piping and valves according to Section 230553 
"Identification for HVAC Piping and Equipment." 

R. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply 
with requirements for sleeves specified in Section 230517 "Sleeves and 
Sleeve Seals for HVAC Piping." 

S. Install sleeve seals for piping penetrations of concrete walls and slabs.  
Comply with requirements for sleeve seals specified in Section 230517 
"Sleeves and Sleeve Seals for HVAC Piping." 

T. Install escutcheons for piping penetrations of walls, ceilings, and floors.  
Comply with requirements for escutcheons specified in Section 230518 
"Escutcheons for HVAC Piping." 
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3.4 PIPE JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel 
pipe. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and 
fittings before assembly. 

C. Fill pipe and fittings with an inert gas (nitrogen or carbon dioxide), during 
brazing or welding, to prevent scale formation. 

D. Soldered Joints:  Construct joints according to ASTM B 828 or CDA's 
"Copper Tube Handbook." 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," 
Chapter "Pipe and Tube." 

1. Use Type BcuP, copper-phosphorus alloy for joining copper socket 
fittings with copper pipe. 

2. Use Type BAg, cadmium-free silver alloy for joining copper with bronze 
or steel. 

F. Threaded Joints:  Thread steel pipe with tapered pipe threads according to 
ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream 
threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings 
and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads 
unless dry-seal threading is specified. 

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that 
are corroded or damaged.  Do not use pipe sections that have cracked 
or open welds. 

G. Steel pipe can be threaded, but threaded joints must be seal brazed or seal 
welded. 

H. Welded Joints:  Construct joints according to AWS D10.12/D10.12M. 

I. Flanged Joints:  Select appropriate gasket material, size, type, and 
thickness for service application.  Install gasket concentrically positioned.  
Use suitable lubricants on bolt threads. 

3.5 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor products are specified in Section 230529 
"Hangers and Supports for HVAC Piping and Equipment." 

B. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal runs less than 
20 feet (6 m) long. 

2. Roller hangers and spring hangers for individual horizontal run 20 feet 
(6 m) or longer. 
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3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet 
(6 m) or longer, supported on a trapeze. 

4. Spring hangers to support vertical runs. 

5. Copper-clad hangers and supports for hangers and supports in direct 
contact with copper pipe. 

C. Install hangers for copper tubing with the following maximum spacing and 
minimum rod sizes: 

1. NPS 1/2 (DN 15):  Maximum span, 60 inches (1500 mm); minimum rod 
size, 1/4 inch (6.4 mm). 

2. NPS 5/8 (DN 18):  Maximum span, 60 inches (1500 mm); minimum rod 
size, 1/4 inch (6.4 mm). 

3. NPS 1 (DN 25):  Maximum span, 72 inches (1800 mm); minimum rod 
size, 1/4 inch (6.4 mm). 

4. NPS 1-1/4 (DN 32):  Maximum span, 96 inches (2400 mm); minimum 
rod size, 3/8 inch (9.5 mm). 

5. NPS 1-1/2 (DN 40):  Maximum span, 96 inches (2400 mm); minimum 
rod size, 3/8 inch (9.5 mm). 

6. NPS 2 (DN 50):  Maximum span, 96 inches (2400 mm); minimum rod 
size, 3/8 inch (9.5 mm). 

7. NPS 2-1/2 (DN 65):  Maximum span, 108 inches (2700 mm); minimum 
rod size, 3/8 inch (9.5 mm). 

8. NPS 3 (DN 80):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 
inch (9.5 mm). 

9. NPS 4 (DN 100):  Maximum span, 12 feet (3.7 m); minimum rod size, 
1/2 inch (13 mm). 

D. Install hangers for steel piping with the following maximum spacing and 
minimum rod sizes: 

1. NPS 2 (DN 50):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 
inch (9.5 mm). 

2. NPS 2-1/2 (DN 65):  Maximum span, 11 feet (3.4 m); minimum rod 
size, 3/8 inch (9.5 mm). 

3. NPS 3 (DN 80):  Maximum span, 12 feet (3.7 m); minimum rod size, 
3/8 inch (9.5 mm). 

4. NPS 4 (DN 100):  Maximum span, 14 feet (4.3 m); minimum rod size, 
1/2 inch (13 mm). 

E. Support multi-floor vertical runs at least at each floor. 
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3.6 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

B. Tests and Inspections: 

1. Comply with ASME B31.5, Chapter VI. 

2. Test refrigerant piping, specialties, and receivers.  Isolate compressor, 
condenser, evaporator, and safety devices from test pressure if they 
are not rated above the test pressure. 

3. Test high- and low-pressure side piping of each system separately at 
not less than the pressures indicated in Part 1 "Performance 
Requirements" Article. 

a. Fill system with nitrogen to the required test pressure. 

b. System shall maintain test pressure at the manifold gage 
throughout duration of test. 

c. Test joints and fittings with electronic leak detector or by brushing 
a small amount of soap and glycerin solution over joints. 

d. Remake leaking joints using new materials, and retest until 
satisfactory results are achieved. 

3.7 SYSTEM CHARGING 

A. Charge system using the following procedures: 

1. Install core in filter dryers after leak test but before evacuation. 

2. Evacuate entire refrigerant system with a vacuum pump to 500 
micrometers (67 Pa).  If vacuum holds for 12 hours, system is ready for 
charging. 

3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 
psig (14 kPa). 

4. Charge system with a new filter-dryer core in charging line. 

3.8 ADJUSTING 

A. Adjust thermostatic expansion valve to obtain proper evaporator superheat. 

B. Adjust high- and low-pressure switch settings to avoid short cycling in 
response to fluctuating suction pressure. 

C. Adjust set-point temperature of air-conditioning or chilled-water controllers 
to the system design temperature. 

D. Perform the following adjustments before operating the refrigeration system, 
according to manufacturer's written instructions: 

1. Open shutoff valves in condenser water circuit. 
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2. Verify that compressor oil level is correct. 

3. Open compressor suction and discharge valves. 

4. Open refrigerant valves except bypass valves that are used for other 
purposes. 

5. Check open compressor-motor alignment and verify lubrication for 
motors and bearings. 

E. Replace core of replaceable filter dryer after system has been adjusted and 
after design flow rates and pressures are established.  

END OF SECTION 232300 
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SECTION 23 31 13 

METAL DUCTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Rectangular ducts and fittings. 
2. Round ducts and fittings. 
3. Sheet metal materials. 
4. Sealants and gaskets. 
5. Hangers and supports.  

B. Related Sections: 
1. Section 230593 "Testing, Adjusting, and Balancing for HVAC" for testing, 

adjusting, and balancing requirements for metal ducts. 
2. Section 233300 "Air Duct Accessories" for dampers, sound-control 

devices, duct-mounting access doors and panels, turning vanes, and 
flexible ducts. 
 

1.2 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, 
seam and joint construction, reinforcements, and hangers and supports, shall 
comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" and performance requirements and design criteria indicated in "Duct 
Schedule" Article. 

B. Structural Performance:  Duct hangers and supports shall withstand the effects 
of gravity loads and stresses within limits and under conditions described in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and 
ASCE/SEI 7.  

C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1. 
 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 
B. Shop Drawings: 

1. Fabrication, assembly, and installation, including plans, elevations, 
sections, components, and attachments to other work. 

2. Factory- and shop-fabricated ducts and fittings. 
3. Duct layout indicating sizes, configuration, and static-pressure classes. 
4. Elevation of top of ducts. 
5. Dimensions of main duct runs from building grid lines. 
6. Fittings. 
7. Reinforcement and spacing. 
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8. Seam and joint construction. 
9. Penetrations through fire-rated and other partitions. 
10. Equipment installation based on equipment being used on Project. 
11. Locations for duct accessories, including dampers, turning vanes, and 

access doors and panels. 
12. Hangers and supports, including methods for duct and building attachment 

and vibration isolation. 
C. Delegated-Design Submittal: 

1. Sheet metal thicknesses. 
2. Joint and seam construction and sealing. 
3. Reinforcement details and spacing. 
4. Materials, fabrication, assembly, and spacing of hangers and supports. 
5. Design Calculations:  Calculations for selecting hangers and supports. 

 
1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Plans, drawn to scale, on which the following items are 
shown and coordinated with each other, using input from installers of the items 
involved: 
1. Duct installation in congested spaces, indicating coordination with general 

construction, building components, and other building services.  Indicate 
proposed changes to duct layout. 

2. Suspended ceiling components. 
3. Structural members to which duct will be attached. 
4. Size and location of initial access modules for acoustical tile. 
5. Penetrations of smoke barriers and fire-rated construction. 
6. Items penetrating finished ceiling including the following: 

a. Lighting fixtures. 
b. Air outlets and inlets. 
c. Speakers. 
d. Sprinklers. 
e. Access panels. 
f. Perimeter moldings. 

B. Welding certificates. 
 

1.5 QUALITY ASSURANCE 
A. Welding Qualifications:  Qualify procedures and personnel according to 

AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 
AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum 
supports. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and 
seam welding. 

B. Welding Qualifications:  Qualify procedures and personnel according to the 
following: 
1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and 

supports. 
2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum 

supports. 
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3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam 
welding. 

C. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - 
"Systems and Equipment" and Section 7 - "Construction and System Start-up." 

D. ASHRAE/IESNA Compliance:  Applicable requirements in 
ASHRAE/IESNA 90.1, Section 6.4.4 - "HVAC System Construction and 
Insulation." 
 

PART 2 - PRODUCTS 

2.1 RECTANGULAR DUCTS AND FITTINGS 
A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible" based on indicated static-pressure 
class unless otherwise indicated. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible," Figure 2-1, 
"Rectangular Duct/Transverse Joints," for static-pressure class, applicable 
sealing requirements, materials involved, duct-support intervals, and other 
provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, 
"Rectangular Duct/Longitudinal Seams," for static-pressure class, applicable 
sealing requirements, materials involved, duct-support intervals, and other 
provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct 
Construction:  Select types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Chapter 4, "Fittings and Other 
Construction," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible." 
 

2.2 ROUND DUCTS AND FITTINGS 
A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and 
Flexible Duct," based on indicated static-pressure class unless otherwise 
indicated. 
1. Manufacturers:  Subject to compliance with requirements, provide 

products by one of the following: 
a. Lindab Inc. 
b. McGill AirFlow LLC. 
c. SEMCO Incorporated. 
d. Sheet Metal Connectors, Inc. 
e. Spiral Manufacturing Co., Inc. 

http://www.specagent.com/LookUp/?ulid=4601&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807079&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807080&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807081&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807082&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807083&mf=04&src=wd
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B. Transverse Joints:  Select joint types and fabricate according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round 
Duct Transverse Joints," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
1. Transverse Joints in Ducts Larger Than 60 Inches (1524 mm) in Diameter:  

Flanged. 
C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's 

"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round 
Duct Longitudinal Seams," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
1. Fabricate round ducts larger Than 90 inches (2286 mm) in diameter with 

butt-welded longitudinal seams. 
D. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC 

Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees 
and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, 
applicable sealing requirements, materials involved, duct-support intervals, and 
other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 
 

2.3 SHEET METAL MATERIALS 
A. General Material Requirements:  Comply with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible" for acceptable materials, material 
thicknesses, and duct construction methods unless otherwise indicated.  Sheet 
metal materials shall be free of pitting, seam marks, roller marks, stains, 
discolorations, and other imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 
1. Galvanized Coating Designation:  G60 (Z180). 
2. Finishes for Surfaces Exposed to View:  Mill phosphatized. 

C. Carbon-Steel Sheets:  Comply with ASTM A 1008/A 1008M, with oiled, matte 
finish for exposed ducts. 

D. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304 or 316, 
as indicated in the "Duct Schedule" Article; cold rolled, annealed, sheet.  
Exposed surface finish shall be No. 2B, No. 2D, No. 3, or No. 4 as indicated in 
the "Duct Schedule" Article. 

E. Aluminum Sheets:  Comply with ASTM B 209 (ASTM B 209M) Alloy 3003, H14 
temper; with mill finish for concealed ducts, and standard, one-side bright finish 
for duct surfaces exposed to view. 

F. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, 
and bars; black and galvanized. 
1. Where black- and galvanized-steel shapes and plates are used to 

reinforce aluminum ducts, isolate the different metals with butyl rubber, 
neoprene, or EPDM gasket materials. 
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G. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 
inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer 
than 36 inches (900 mm). 
 

2.4 SEALANT AND GASKETS 
A. General Sealant and Gasket Requirements:  Surface-burning characteristics for 

sealants and gaskets shall be a maximum flame-spread index of 25 and a 
maximum smoke-developed index of 50 when tested according to UL 723; 
certified by an NRTL. 

B. Two-Part Tape Sealing System: 
1. Tape:  Woven cotton fiber impregnated with mineral gypsum and modified 

acrylic/silicone activator to react exothermically with tape to form hard, 
durable, airtight seal. 

2. Tape Width:  4 inches (102 mm) or 6 inches (152 mm). 
3. Sealant:  Modified styrene acrylic. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. Maximum Static-Pressure Class:  10-inch wg (2500 Pa), positive and 

negative. 
7. Service:  Indoor and outdoor. 
8. Service Temperature:  Minus 40 to plus 200 deg F (Minus 40 to plus 93 

deg C). 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and 

bare), stainless steel, or aluminum. 
10. For indoor applications, sealant shall have a VOC content of 250 g/L or 

less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

C. Water-Based Joint and Seam Sealant: 
1. Application Method:  Brush on. 
2. Solids Content:  Minimum 65 percent. 
3. Shore A Hardness:  Minimum 20. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. VOC:  Maximum 75 g/L (less water). 
7. Maximum Static-Pressure Class:  10-inch wg (2500 Pa), positive and 

negative. 
8. Service:  Indoor or outdoor. 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and 

bare), stainless steel, or aluminum sheets. 
D. Flanged Joint Sealant:  Comply with ASTM C 920. 

1. General:  Single-component, acid-curing, silicone, elastomeric. 
2. Type:  S. 
3. Grade:  NS. 
4. Class:  25. 
5. Use:  O. 
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6. For indoor applications, sealant shall have a VOC content of 250 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA 
Method 24). 

E. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with 
polyisobutylene plasticizer. 

F. Round Duct Joint O-Ring Seals: 
1. Seal shall provide maximum leakage class of3 cfm/100 sq. ft. at 1-inch wg 

(0.14 L/s per sq. m) and shall be rated for10-inch wg (2500-Pa) static-
pressure class, positive or negative. 

2. EPDM O-ring to seal in concave bead in coupling or fitting spigot. 
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-

fabricated couplings and fitting spigots. 
 

2.5 HANGERS AND SUPPORTS 
A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and 

nuts. 
B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or 

galvanized rods with threads painted with zinc-chromate primer after 
installation. 

C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct 
Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round 
Duct." 

D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with 
ASTM A 603. 

E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with 
ASTM A 492. 

F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, 
swivel, and bolts designed for duct hanger service; with an automatic-locking 
and clamping device. 

G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal 
screws; compatible with duct materials. 

H. Trapeze and Riser Supports: 
1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and 

plates. 
2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates. 
3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with 

zinc chromate. 
 

2.6 SEISMIC-RESTRAINT DEVICES 
A. General Requirements for Restraint Components: Rated strengths, features, 

and applications shall be as defined in reports by an agency acceptable to 
authorities having jurisdiction. 
1. Structural Safety Factor: Allowable strength in tension, shear, and pullout 

force of components shall be at least four times the maximum seismic 
forces to which they will be subjected. 
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B. Channel Support System: Shop- or field-fabricated support assembly made of 
slotted steel channels rated in tension, compression, and torsion forces and 
with accessories for attachment to braced component at one end and to 
building structure at the other end. Include matching components and 
corrosion-resistant coating. 

C. Restraint Cables: ASTM A 603, galvanized steel cables with end connections 
made of cadmium-plated steel assemblies with brackets, swivel, and bolts 
designed for restraining cable service; and with an automatic-locking and 
clamping device or double-cable clips. 

D. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type. 
Select anchor bolts with strength required for anchor and as tested according to 
ASTM E 488. 
 

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 
A. Drawing plans, schematics, and diagrams indicate general location and 

arrangement of duct system.  Indicated duct locations, configurations, and 
arrangements were used to size ducts and calculate friction loss for air-handling 
equipment sizing and for other design considerations.  Install duct systems as 
indicated unless deviations to layout are approved on Shop Drawings and 
Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible" unless otherwise indicated. 

C. Install round ducts in maximum practical lengths. 
D. Install ducts with fewest possible joints. 
E. Install factory- or shop-fabricated fittings for changes in direction, size, and 

shape and for branch connections. 
F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel 

and perpendicular to building lines. 
G. Install ducts close to walls, overhead construction, columns, and other structural 

and permanent enclosure elements of building. 
H. Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation 

thickness. 
I. Route ducts to avoid passing through transformer vaults and electrical 

equipment rooms and enclosures. 
J. Where ducts pass through non-fire-rated interior partitions and exterior walls 

and are exposed to view, cover the opening between the partition and duct or 
duct insulation with sheet metal flanges of same metal thickness as the duct.  
Overlap openings on four sides by at least 1-1/2 inches (38 mm). 

K. Where ducts pass through fire-rated interior partitions and exterior walls, install 
fire dampers.  Comply with requirements in Section 233300 "Air Duct 
Accessories" for fire and smoke dampers. 

L. Protect duct interiors from moisture, construction debris and dust, and other 
foreign materials.  Comply with SMACNA's "IAQ Guidelines for Occupied 
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Buildings Under Construction," Appendix G, "Duct Cleanliness for New 
Construction Guidelines." 
 

3.2 INSTALLATION OF EXPOSED DUCTWORK 
A. Protect ducts exposed in finished spaces from being dented, scratched, or 

damaged. 
B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed 

bead.  Do not use two-part tape sealing system. 
C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld 

splatter.  When welding stainless steel with a No. 3 or 4 finish, grind the welds 
flush, polish the exposed welds, and treat the welds to remove discoloration 
caused by welding. 

D. Maintain consistency, symmetry, and uniformity in the arrangement and 
fabrication of fittings, hangers and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply 
with these requirements. 
 

3.3 DUCT SEALING 
A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified 

in "Duct Schedule" Article according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible." 

B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible": 
1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible." 
2. Outdoor, Supply-Air Ducts:  Seal Class A. 
3. Outdoor, Exhaust Ducts:  Seal Class C. 
4. Outdoor, Return-Air Ducts:  Seal Class C. 
5. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg 

(500 Pa) and Lower:  Seal Class B. 
6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 

2-Inch wg (500 Pa):  Seal Class A. 
7. Unconditioned Space, Exhaust Ducts:  Seal Class C. 
8. Unconditioned Space, Return-Air Ducts:  Seal Class B. 
9. Conditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg (500 

Pa) and Lower:  Seal Class C. 
10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-

Inch wg (500 Pa):  Seal Class B. 
11. Conditioned Space, Exhaust Ducts:  Seal Class B. 
12. Conditioned Space, Return-Air Ducts:  Seal Class C. 

 
3.4 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Chapter 5, "Hangers and Supports." 
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B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or 
structural-steel fasteners appropriate for construction materials to which 
hangers are being attached. 
1. Where practical, install concrete inserts before placing concrete. 
2. Install powder-actuated concrete fasteners after concrete is placed and 

completely cured. 
3. Use powder-actuated concrete fasteners for standard-weight aggregate 

concretes or for slabs more than 4 inches (100 mm) thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate 

concretes or for slabs less than 4 inches (100 mm) thick. 
C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards 

- Metal and Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct Hangers 
Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct," for 
maximum hanger spacing; install hangers and supports within 24 inches (610 
mm) of each elbow and within 48 inches (1200 mm) of each branch 
intersection. 

D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 
E. Support vertical ducts with steel angles or channel secured to the sides of the 

duct with welds, bolts, sheet metal screws, or blind rivets; support at each floor 
and at a maximum intervals of 16 feet (5 m). 

F. Install upper attachments to structures.  Select and size upper attachments with 
pull-out, tension, and shear capacities appropriate for supported loads and 
building materials where used. 
 

3.5 SEISMIC-RESTRAINT-DEVICE INSTALLATION 
A. Install ducts with hangers and braces designed to support the duct and to 

restrain against seismic forces required by applicable building codes. Comply 
with SMACNA's Seismic Restraint Manual: Guidelines for Mechanical 
Systems. And ASCE/SEI 7. 
1. Space lateral supports a maximum of 40 feet o.c., and longitudinal 

supports a maximum of 80 feet o.c. 
2. Brace a change of direction longer than 12 feet . 

B. Select seismic-restraint devices with capacities adequate to carry present and 
future static and seismic loads. 

C. Install cables so they do not bend across edges of adjacent equipment or 
building structure. 

D. Install cable restraints on ducts that are suspended with vibration isolators. 
E. Install seismic-restraint devices using methods approved by an agency 

acceptable to authorities having jurisdiction. 
F. Attachment to Structure: If specific attachment is not indicated, anchor bracing 

and restraints to structure, to flanges of beams, to upper truss chords of bar 
joists, or to concrete members. 

G. Drilling for and Setting Anchors: 
1. Identify position of reinforcing steel and other embedded items prior to 

drilling holes for anchors. Do not damage existing reinforcement or 
embedded items during drilling. Notify the Architect if reinforcing steel or 



 WHCRWA 

METAL DUCTS CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION  
METAL DUCTS 

23 31 13 - 10 of 12 

 

other embedded items are encountered during drilling. Locate and avoid 
prestressed tendons, electrical and telecommunications conduit, and gas 
lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout 
has achieved full design strength. 

3. Wedge Anchors: Protect threads from damage during anchor installation. 
Heavy-duty sleeve anchors shall be installed with sleeve fully engaged in 
the structural element to which anchor is to be fastened. 

4. Set anchors to manufacturer's recommended torque, using a torque 
wrench. 

5. Install zinc-coated steel anchors for interior applications and stainless-
steel anchors for applications exposed to weather. 
 

3.6 CONNECTIONS 
A. Make connections to equipment with flexible connectors complying with 

Section 233300 "Air Duct Accessories." 
B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible" for branch, outlet and inlet, and terminal unit connections. 
 

3.7 DUCT CLEANING 
A. Clean new duct system(s) before testing, adjusting, and balancing. 
B. Use service openings for entry and inspection. 

1. Create new openings and install access panels appropriate for duct static-
pressure class if required for cleaning access.  Provide insulated panels 
for insulated or lined duct.  Patch insulation and liner as recommended by 
duct liner manufacturer.  Comply with Section 233300 "Air Duct 
Accessories" for access panels and doors. 

2. Disconnect and reconnect flexible ducts as needed for cleaning and 
inspection. 

3. Remove and reinstall ceiling to gain access during the cleaning process. 
C. Particulate Collection and Odor Control: 

1. When venting vacuuming system inside the building, use HEPA filtration 
with 99.97 percent collection efficiency for 0.3-micron-size (or larger) 
particles. 

2. When venting vacuuming system to outdoors, use filter to collect debris 
removed from HVAC system, and locate exhaust downwind and away 
from air intakes and other points of entry into building. 

D. Clean the following components by removing surface contaminants and 
deposits: 
1. Air outlets and inlets (registers, grilles, and diffusers). 
2. Supply, return, and exhaust fans including fan housings, plenums (except 

ceiling supply and return plenums), scrolls, blades or vanes, shafts, 
baffles, dampers, and drive assemblies. 

3. Air-handling unit internal surfaces and components including mixing box, 
coil section, air wash systems, spray eliminators, condensate drain pans, 



WHCRWA  

CENTRAL PUMP STATION METAL DUCTS 

 

WHCRWA CENTRAL PUMP STATION  
METAL DUCTS 

23 31 13 - 11 of 12 

 

humidifiers and dehumidifiers, filters and filter sections, and condensate 
collectors and drains. 

4. Coils and related components. 
5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling 

plenums and mechanical equipment rooms. 
6. Supply-air ducts, dampers, actuators, and turning vanes. 
7. Dedicated exhaust and ventilation components and makeup air systems. 

E. Mechanical Cleaning Methodology: 
1. Clean metal duct systems using mechanical cleaning methods that extract 

contaminants from within duct systems and remove contaminants from 
building. 

2. Use vacuum-collection devices that are operated continuously during 
cleaning.  Connect vacuum device to downstream end of duct sections so 
areas being cleaned are under negative pressure. 

3. Use mechanical agitation to dislodge debris adhered to interior duct 
surfaces without damaging integrity of metal ducts, duct liner, or duct 
accessories. 

4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not 
permit duct liner to get wet.  Replace fibrous-glass duct liner that is 
damaged, deteriorated, or delaminated or that has friable material, mold, 
or fungus growth. 

5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain 
pan operational.  Rinse coils with clean water to remove latent residues 
and cleaning materials; comb and straighten fins. 

6. Provide drainage and cleanup for wash-down procedures. 
7. Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial 

agents if fungus is present.  Apply antimicrobial agents according to 
manufacturer's written instructions after removal of surface deposits and 
debris. 
 

3.8 START UP 
A. Air Balance:  Comply with requirements in Section 230593 "Testing, Adjusting, 

and Balancing for HVAC." 

END OF SECTION 23 31 13 
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SECTION 23 33 00 

AIR DUCT ACCESSORIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Backdraft and pressure relief dampers. 
2. Manual volume dampers. 
3. Control dampers. 
4. Flange connectors. 
5. Turning vanes. 
6. Duct-mounted access doors. 
7. Flexible connectors. 
8. Flexible ducts. 
9. Duct accessory hardware. 

B. Related Requirements: 
1. Section 284621.11 "Addressable Fire-Alarm System" for duct-mounted fire 

and smoke detectors. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

B. Shop Drawings:  For duct accessories.  Include plans, elevations, sections, 
details and attachments to other work. 
1. Detail duct accessories fabrication and installation in ducts and other 

construction.  Include dimensions, weights, loads, and required 
clearances; and method of field assembly into duct systems and other 
construction.  Include the following: 

a. Special fittings. 

b. Manual volume damper installations. 
c. Control-damper installations. 
d. Fire-damper and smoke-damper installations, including sleeves; and 

duct-mounted access doors. 
e. Wiring Diagrams:  For power, signal, and control wiring. 
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1.3 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

PART 2 - PRODUCTS 

2.1 ASSEMBLY DESCRIPTION 

A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating 
Systems," and with NFPA 90B, "Installation of Warm Air Heating and Air 
Conditioning Systems." 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" for acceptable materials, material thicknesses, and duct construction 
methods unless otherwise indicated.  Sheet metal materials shall be free of 
pitting, seam marks, roller marks, stains, discolorations, and other 
imperfections. 

2.2 MATERIALS 

A. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G60 (Z180) or G90 (Z275). 

2. Exposed-Surface Finish:  Mill phosphatized. 

B. Aluminum Sheets:  Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 
Temper H14; with mill finish for concealed ducts and standard, 1-side bright 
finish for exposed ducts. 

C. Extruded Aluminum:  Comply with ASTM B 221 (ASTM B 221M), Alloy 6063, 
Temper T6. 

D. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where 
installed on galvanized sheet metal ducts; compatible materials for aluminum 
and stainless-steel ducts. 

E. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 
inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer 
than 36 inches (900 mm). 

2.3 BACKDRAFT AND PRESSURE RELIEF DAMPERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Air Balance Inc.; a division of Mestek, Inc. 

2. American Warming and Ventilating; a division of Mestek, Inc. 

3. Cesco Products; a division of Mestek, Inc. 

4. Greenheck Fan Corporation. 

http://www.specagent.com/LookUp/?uid=123456823337&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823338&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823340&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807162&mf=04&&mf=04&src=wd
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5. Lloyd Industries, Inc. 

6. Nailor Industries Inc. 

7. NCA Manufacturing, Inc. 

8. Pottorff. 

9. Ruskin Company. 

10. Vent Products Company, Inc. 

B. Description:  Gravity balanced. 

C. Maximum Air Velocity:  2000 fpm (10 m/s). 

D. Maximum System Pressure:  2-inch wg (0.5 kPa). 

E. Frame:  Hat-shaped,.094-inch- (2.4-mm-) thick, galvanized sheet steel, with 
welded corners or mechanically attached and mounting flange. 

F. Blades:  Multiple single-piece blades, center pivoted or off-center pivoted or end 
pivoted, maximum 6-inch (150-mm) width, 0.025-inch- (0.6-mm-) thick, roll-
formed aluminum, noncombustible, tear-resistant, neoprene-coated fiberglass 
with sealed edges. 

G. Blade Action:  Parallel. 

H. Blade Seals:  Neoprene, mechanically locked. 

I. Blade Axles: 

1. Material: Galvanized steel. 

2. Diameter: 0.20 inch (5 mm). 

J. Tie Bars and Brackets:  Galvanized steel. 

K. Return Spring:  Adjustable tension. 

L. Bearings: Steel ball or synthetic pivot bushings. 

M. Accessories: 

1. Adjustment device to permit setting for varying differential static pressure. 

2. Counterweights and spring-assist kits for vertical airflow installations. 

3. Electric actuators. 

4. Chain pulls. 

5. Screen Mounting:  Front mounted in sleeve. 

a. Sleeve Thickness:  20 gage (1.0 mm) minimum. 

b. Sleeve Length:  6 inches (152 mm) minimum. 

6. Screen Mounting:  Rear mounted. 

7. Screen Material:  Galvanized steel. 

http://www.specagent.com/LookUp/?uid=123456807163&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807164&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807165&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807166&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807167&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807168&mf=04&&mf=04&src=wd
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8. Screen Type:  Insect. 

9. 90-degree stops. 

2.4 MANUAL VOLUME DAMPERS 

A. Standard, Steel, Manual Volume Dampers: 
1. Manufacturers:  Subject to compliance with requirements, provide 

products by one of the following: 
a. Air Balance Inc.; a division of Mestek, Inc. 
b. American Warming and Ventilating; a division of Mestek, Inc. 
c. Flexmaster U.S.A., Inc. 
d. McGill AirFlow LLC. 
e. Nailor Industries Inc. 
f. Pottorff. 
g. Ruskin Company. 
h. Trox USA Inc. 
i. Vent Products Company, Inc. 

2. Standard leakage rating, with linkage outside airstream. 
3. Suitable for horizontal or vertical applications. 
4. Frames: 

a. Frame:  Hat-shaped, 0.094-inch- (2.4-mm-) thick, galvanized sheet 
steel. 

b. Mitered and welded corners. 
c. Flanges for attaching to walls and flangeless frames for installing in 

ducts. 
5. Blades: 

a. Multiple or single blade. 
b. Parallel- or opposed-blade design. 
c. Stiffen damper blades for stability. 
d. Galvanized-steel, 0.064 inch (1.62 mm) thick. 

6. Blade Axles:  Galvanized steel. 
7. Bearings: 

a. Oil-impregnated bronze or Molded synthetic or Oil-impregnated 
stainless-steel sleeve. 

b. Dampers in ducts with pressure classes of 3-inch wg (750 Pa) or 
less shall have axles full length of damper blades and bearings at 
both ends of operating shaft. 

8. Tie Bars and Brackets:  Galvanized steel. 
B. Standard, Aluminum, Manual Volume Dampers: 

1. Manufacturers:  Subject to compliance with requirements, provide 
products by one of the following: 
a. Air Balance Inc.; a division of Mestek, Inc. 
b. American Warming and Ventilating; a division of Mestek, Inc. 
c. McGill AirFlow LLC. 
d. Nailor Industries Inc. 

http://www.specagent.com/LookUp/?uid=123456823341&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823343&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807109&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807110&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807111&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807112&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807113&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807114&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807115&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823344&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823346&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807116&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807117&mf=04&&mf=04&src=wd
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e. Pottorff. 
f. Ruskin Company. 
g. Trox USA Inc. 
h. Vent Products Company, Inc. 

2. Standard leakage rating, with linkage outside airstream. 
3. Suitable for horizontal or vertical applications. 
4. Frames:  Hat-shaped, 0.10-inch- (2.5-mm-) thick, aluminum sheet 

channels; frames with flanges for attaching to walls and flangeless frames 
for installing in ducts. 

5. Blades: 
a. Multiple or single blade. 
b. Parallel- or opposed-blade design. 
c. Stiffen damper blades for stability. 
d. Roll-Formed Aluminum Blades:  0.10-inch- (2.5-mm-) thick aluminum 

sheet. 
e. Extruded-Aluminum Blades:  0.050-inch- (1.2-mm-) thick extruded 

aluminum. 
6. Blade Axles:  Galvanized steel. 
7. Bearings: 

a. Oil-impregnated bronze or Molded synthetic. 
b. Dampers in ducts with pressure classes of 3-inch wg (750 Pa) or 

less shall have axles full length of damper blades and bearings at 
both ends of operating shaft. 

8. Tie Bars and Brackets:  Aluminum. 
C. Jackshaft: 

1. Size:  0.5-inch (13-mm) or 1-inch (25-mm) diameter. 
2. Material:  Galvanized-steel pipe rotating within pipe-bearing assembly 

mounted on supports at each mullion and at each end of multiple-damper 
assemblies. 

3. Length and Number of Mountings:  As required to connect linkage of each 
damper in multiple-damper assembly. 

D. Damper Hardware: 
1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch- (2.4-

mm-) thick zinc-plated steel, and a 3/4-inch (19-mm) hexagon locking nut. 
2. Include center hole to suit damper operating-rod size. 
3. Include elevated platform for insulated duct mounting. 

2.5 CONTROL DAMPERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. American Warming and Ventilating; a division of Mestek, Inc. 

2. Arrow United Industries; a division of Mestek, Inc. 

3. Cesco Products; a division of Mestek, Inc. 

4. Greenheck Fan Corporation. 

http://www.specagent.com/LookUp/?uid=123456807118&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807119&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807120&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807121&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823347&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823349&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823350&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807122&mf=04&&mf=04&src=wd
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5. Lloyd Industries, Inc. 

6. McGill AirFlow LLC. 

7. Metal Form Manufacturing, Inc. 

8. Nailor Industries Inc. 

9. NCA Manufacturing, Inc. 

10. Pottorff. 

11. Ruskin Company. 

12. Vent Products Company, Inc. 

13. Young Regulator Company. 

B. Frames: 

1. Hat or U or Angle shaped. 

2. 0.094-inch- (2.4-mm-) thick, galvanized sheet steel. 

3. Mitered and welded corners. 

C. Blades: 

1. Multiple blade with maximum blade width of 6 inches (152 mm). 

2. Opposed-blade design. 

3. Galvanized-steel. 

4. 0.064 inch (1.62 mm) thick single skin or 0.0747-inch- (1.9-mm-) thick dual 
skin. 

5. Blade Edging:  Closed-cell neoprene. 

6. Blade Edging:  Inflatable seal blade edging, or replaceable rubber seals. 

D. Blade Axles:  1/2-inch- (13-mm-) diameter; galvanized steel; blade-linkage 
hardware of zinc-plated steel and brass; ends sealed against blade bearings. 

1. Operating Temperature Range:  From minus 40 to plus 200 deg F (minus 
40 to plus 93 deg C). 

E. Bearings: 

1. Oil-impregnated bronze or Molded synthetic or Oil-impregnated stainless-
steel sleeve. 

2. Dampers in ducts with pressure classes of 3-inch wg (750 Pa) or less shall 
have axles full length of damper blades and bearings at both ends of 
operating shaft. 

3. Thrust bearings at each end of every blade. 

http://www.specagent.com/LookUp/?uid=123456807123&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807124&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807125&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807126&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807127&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807128&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807129&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807130&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807131&mf=04&&mf=04&src=wd
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2.6 FIRE DAMPERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Air Balance Inc.; a division of Mestek, Inc. 

2. Arrow United Industries; a division of Mestek, Inc. 

3. Cesco Products; a division of Mestek, Inc. 

4. Greenheck Fan Corporation. 

5. Nailor Industries Inc. 

6. NCA Manufacturing, Inc. 

7. Pottorff. 

8. Prefco; Perfect Air Control, Inc. 

9. Ruskin Company. 

10. Vent Products Company, Inc. 

11. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Type:  Dynamic; rated and labeled according to UL 555 by an NRTL. 

C. Closing rating in ducts up to 4-inch wg (1-kPa) static pressure class and 
minimum 2000-fpm (10-m/s) velocity. 

D. Fire Rating:  1-1/2 hours. 

E. Frame:  Curtain type with blades outside airstream; fabricated with roll-formed, 
0.034-inch- (0.85-mm-) thick galvanized steel; with mitered and interlocking 
corners. 

F. Mounting Sleeve:  Factory- or field-installed, galvanized sheet steel. 

1. Minimum Thickness:  0.138 inch (3.5 mm) or 0.39 inch (9.9 mm) thick, as 
indicated, and of length to suit application. 

2. Exception:  Omit sleeve where damper-frame width permits direct 
attachment of perimeter mounting angles on each side of wall or floor; 
thickness of damper frame must comply with sleeve requirements. 

G. Mounting Orientation:  Vertical or horizontal as indicated. 

H. Blades:  Roll-formed, interlocking, 0.034-inch- (0.85-mm-) thick, galvanized 
sheet steel.  In place of interlocking blades, use full-length, 0.034-inch- (0.85-
mm-) thick, galvanized-steel blade connectors. 

I. Horizontal Dampers:  Include blade lock and stainless-steel closure spring. 

J. Heat-Responsive Device:  Replaceable, 165 deg F (74 deg C) rated, fusible 
links. 

http://www.specagent.com/LookUp/?uid=123456823352&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823353&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823354&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807132&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807133&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807134&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807135&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823377&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807136&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807137&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823379&mf=04&&mf=04&src=wd
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K. Heat-Responsive Device:  replaceable link and switch package, factory 
installed, 165 deg F (74 deg C) rated. 

2.7 COMBINATION FIRE AND SMOKE DAMPERS 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

B. Air Balance Inc.; a division of Mestek, Inc. 

1. Cesco Products; a division of Mestek, Inc. 

2. Greenheck Fan Corporation. 

3. Nailor Industries Inc. 

4. Pottorff. 

5. Ruskin Company. 

C. Type:  Dynamic; rated and labeled according to UL 555 and UL 555S by an 
NRTL. 

D. Closing rating in ducts up to 4-inch wg static pressure class and minimum 2000-
fpm. 

E. Fire Rating:  1-1/2 and 3 hours. 

F. Frame:  Hat-shaped, 0.094-inch- thick, galvanized sheet steel, with welded or 
mechanically attached corners and mounting flange. 

G. Heat-Responsive Device:  Resettable, 212 deg. F rated, fusible links. 

H. Smoke Detector:  Integral, factory wired for single-point connection. 

I. Blades:  Roll-formed, horizontal, overlapping, 0.034-inch- thick, galvanized 
sheet steel. 

J. Leakage: Class I. 

K. Rated pressure and velocity to exceed design airflow conditions. 

L. Mounting Sleeve:  Factory-installed, 0.05-inch- thick, galvanized sheet steel; 
length to suit wall or floor application with factory-furnished silicone calking. 

M. Master control panel for use in dynamic smoke-management systems. 

N. Damper Motors:  Two-position action. 

http://www.specagent.com/LookUp/?uid=123456821301&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821304&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812756&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812757&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812758&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812759&mf=04&&mf=04&src=wd
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O. Comply with NEMA designation, temperature rating, service factor, enclosure 
type, and efficiency requirements for motors specified in Section 230513 
"Common Motor Requirements for HVAC Equipment." 
1. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so 

driven load will not require motor to operate in service factor range above 
1.0. 

2. Controllers, Electrical Devices, and Wiring:  Comply with requirements for 
electrical devices and connections specified in Section 230900 
"Instrumentation and Control for HVAC." 

3. Permanent-Split-Capacitor or Shaded-Pole Motors:  With oil-immersed 
and sealed gear trains. 

4. Spring-Return Motors:  Equip with an integral spiral-spring mechanism 
where indicated.  Enclose entire spring mechanism in a removable 
housing designed for service or adjustments.  Size for running torque 
rating of 150 in. x lbf and breakaway torque rating of 150 in. x lbf. 

5. Outdoor Motors and Motors in Outdoor-Air Intakes:  Equip with O-ring 
gaskets designed to make motors weatherproof.  Equip motors with 
internal heaters to permit normal operation at minus 40 deg. F. 

6. Non-spring-Return Motors:  For dampers larger than 25 sq. ft., size motor 
for running torque rating of 150 in. x lbf and breakaway torque rating of 
300 in. x lbf. 

7. Electrical Connection:  115 V, single phase, 60 Hz. 

P. Accessories: 
1. Auxiliary switches for signaling or position indication. 
2. Test and reset switches, damper mounted. 

2.8 FLANGE CONNECTORS 
A. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 

1. Ductmate Industries, Inc. 

2. Nexus PDQ; Division of Shilco Holdings Inc. 

3. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Description:  Add-on or roll-formed, factory-fabricated, slide-on transverse 
flange connectors, gaskets, and components. 

C. Material:  Galvanized steel. 

D. Gage and Shape:  Match connecting ductwork. 

2.9 TURNING VANES 
A. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 

http://www.specagent.com/LookUp/?uid=123456807142&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823385&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823387&mf=04&&mf=04&src=wd
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1. Ductmate Industries, Inc. 

2. Duro Dyne Inc. 

3. Elgen Manufacturing. 

4. METALAIRE, Inc. 

5. SEMCO Incorporated. 

6. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Manufactured Turning Vanes for Metal Ducts:  Curved blades of galvanized 
sheet steel; support with bars perpendicular to blades set; set into vane runners 
suitable for duct mounting. 

1. Acoustic Turning Vanes:  Fabricate airfoil-shaped aluminum extrusions 
with perforated faces and fibrous-glass fill. 

C. Manufactured Turning Vanes for Nonmetal Ducts:  Fabricate curved blades of 
resin-bonded fiberglass with acrylic polymer coating; support with bars 
perpendicular to blades set; set into vane runners suitable for duct mounting. 

D. General Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 
4-4, "Vane Support in Elbows." 

E. Vane Construction:  Double wall. 

2.10 DUCT-MOUNTED ACCESS DOORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. American Warming and Ventilating; a division of Mestek, Inc. 

2. Cesco Products; a division of Mestek, Inc. 

3. Ductmate Industries, Inc. 

4. Elgen Manufacturing. 

5. Flexmaster U.S.A., Inc. 

6. Greenheck Fan Corporation. 

7. McGill AirFlow LLC. 

8. Nailor Industries Inc. 

9. Pottorff. 

10. Ventfabrics, Inc. 

11. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 
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B. Duct-Mounted Access Doors:  Fabricate access panels according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible"; Figures 7-2 (7-2M), 
"Duct Access Doors and Panels," and 7-3, "Access Doors - Round Duct." 

1. Door: 

a. Double wall, rectangular. 

b. Galvanized sheet metal with insulation fill and thickness as indicated 
for duct pressure class. 

c. Vision panel. 

d. Hinges and Latches:  1-by-1-inch (25-by-25-mm)butt or piano hinge 
and cam latches. 

e. Fabricate doors airtight and suitable for duct pressure class. 

2. Frame:  Galvanized sheet steel, with bend-over tabs and foam gaskets. 

3. Number of Hinges and Locks: 

a. Access Doors Less Than 12 Inches (300 mm) Square:  No hinges 
and two sash locks. 

b. Access Doors up to 18 Inches (460 mm) Square:  Continuous and 
two sash locks. 

c. Access Doors up to 24 by 48 Inches (600 by 1200 mm):  Continuous 
and two compression latches with outside and inside handles. 

d. Access Doors Larger Than 24 by 48 Inches (600 by 1200 mm):  
Continuous and two compression latches with outside and inside 
handles. 

C. Pressure Relief Access Door: 

1. Door and Frame Material:  Galvanized sheet steel. 

2. Door:  Double wall with insulation fill with metal thickness applicable for 
duct pressure class. 

3. Operation:  Open outward for positive-pressure ducts and inward for 
negative-pressure ducts. 

4. Factory set at 3.0- to 8.0-inch wg (800 to 2000 Pa). 

5. Doors close when pressures are within set-point range. 

6. Hinge:  Continuous piano. 

7. Latches:  Cam. 

8. Seal:  Neoprene or foam rubber. 

9. Insulation Fill:  1-inch- (25-mm-) thick, fibrous-glass or polystyrene-foam 
board. 
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2.11 DUCT ACCESS PANEL ASSEMBLIES 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Ductmate Industries, Inc. 

2. Flame Gard, Inc. 

3. 3M. 

B. Labeled according to UL 1978 by an NRTL. 

C. Panel and Frame:  Minimum thickness 0.0528-inch (1.3-mm) carbon steel. 

D. Fasteners:  Carbon steel.  Panel fasteners shall not penetrate duct wall. 

E. Gasket:  Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, 
rated for minimum 2000 deg F (1093 deg C). 

F. Minimum Pressure Rating:  10-inch wg (2500 Pa), positive or negative. 

2.12 FLEXIBLE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Ductmate Industries, Inc. 

2. Duro Dyne Inc. 

3. Elgen Manufacturing. 

4. Ventfabrics, Inc. 

5. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Materials:  Flame-retardant or noncombustible fabrics. 

C. Coatings and Adhesives:  Comply with UL 181, Class 1. 

D. Metal-Edged Connectors:  Factory fabricated with a fabric strip 5-3/4 inches 
(146 mm) wide attached to two strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- 
(0.7-mm-) thick, galvanized sheet steel or 0.032-inch- (0.8-mm-) thick aluminum 
sheets.  Provide metal compatible with connected ducts. 

E. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with 
neoprene. 

1. Minimum Weight:  26 oz./sq. yd. (880 g/sq. m). 

2. Tensile Strength:  480 lbf/inch (84 N/mm) in the warp and 360 lbf/inch 
(63 N/mm) in the filling. 

3. Service Temperature:  Minus 40 to plus 200 deg F (Minus 40 to plus 93 
deg C). 
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2.13 FLEXIBLE DUCTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Flexmaster U.S.A., Inc. 

2. McGill AirFlow LLC. 

3. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Noninsulated, Flexible Duct:  UL 181, Class 1, 2-ply vinyl film supported by 
helically wound, spring-steel wire. 

1. Pressure Rating:  10-inch wg (2500 Pa) positive and 1.0-inch wg (250 Pa) 
negative. 

2. Maximum Air Velocity:  4000 fpm (20 m/s). 

3. Temperature Range:  Minus 10 to plus 160 deg F (Minus 23 to plus 71 
deg C). 

C. Insulated, Flexible Duct:  UL 181, Class 1, aluminum laminate and polyester 
film with latex adhesive supported by helically wound, spring-steel wire; fibrous-
glass insulation; aluminized vapor-barrier film. 

1. Pressure Rating:  10-inch wg (2500 Pa) positive and 1.0-inch wg (250 Pa) 
negative. 

2. Maximum Air Velocity:  4000 fpm (20 m/s). 

3. Temperature Range:  Minus 20 to plus 210 deg F (Minus 29 to plus 99 
deg C). 

4. Insulation R-value:  Comply with ASHRAE/IESNA 90.1. 

D. Flexible Duct Connectors: 

1. Clamps:  Stainless-steel band with cadmium-plated hex screw to tighten 
band with a worm-gear action in sizes 3 through 18 inches (75 through 
460 mm), to suit duct size. 

2. Non-Clamp Connectors:  Adhesive plus sheet metal screws. 

2.14 DUCT ACCESSORY HARDWARE 

A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, 
including screw cap and gasket.  Size to allow insertion of pitot tube and other 
testing instruments and of length to suit duct-insulation thickness. 

B. Adhesives:  High strength, quick setting, neoprene based, waterproof, and 
resistant to gasoline and grease. 

http://www.specagent.com/LookUp/?uid=123456807160&mf=04&&mf=04&src=wd
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install duct accessories according to applicable details in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible" for metal ducts and in 
NAIMA AH116, "Fibrous Glass Duct Construction Standards," for fibrous-glass 
ducts. 

B. Install duct accessories of materials suited to duct materials; use galvanized-
steel accessories in galvanized-steel and fibrous-glass ducts, stainless-steel 
accessories in stainless-steel ducts, and aluminum accessories in aluminum 
ducts. 

C. Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as 
possible to exhaust fan unless otherwise indicated. 

D. Install volume dampers at points on supply, return, and exhaust systems where 
branches extend from larger ducts.  Where dampers are installed in ducts 
having duct liner, install dampers with hat channels of same depth as liner, and 
terminate liner with nosing at hat channel. 

1. Install steel volume dampers in steel ducts. 

2. Install aluminum volume dampers in aluminum ducts. 

E. Set dampers to fully open position before testing, adjusting, and balancing. 

F. Install test holes at fan inlets and outlets and elsewhere as indicated. 

G. Install fire and smoke dampers according to UL listing. 

H. Install duct access doors on sides of ducts to allow for inspecting, adjusting, 
and maintaining accessories and equipment at the following locations: 

1. On both sides of duct coils. 

2. Upstream from duct filters. 

3. At outdoor-air intakes and mixed-air plenums. 

4. At drain pans and seals. 

5. Downstream from manual volume dampers, control dampers, backdraft 
dampers, and equipment. 

6. Adjacent to and close enough to fire or smoke dampers, to reset or 
reinstall fusible links.  Access doors for access to fire or smoke dampers 
having fusible links shall be pressure relief access doors and shall be 
outward operation for access doors installed upstream from dampers and 
inward operation for access doors installed downstream from dampers. 

7. At each change in direction and at maximum 50-foot (15-m) spacing. 

8. Upstream from turning vanes. 
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9. Upstream or downstream from duct silencers. 

10. Control devices requiring inspection. 

11. Elsewhere as indicated. 

I. Install access doors with swing against duct static pressure. 

J. Access Door Sizes: 

1. One-Hand or Inspection Access:  8 by 5 inches (200 by 125 mm). 

2. Two-Hand Access:  12 by 6 inches (300 by 150 mm). 

3. Head and Hand Access:  18 by 10 inches (460 by 250 mm). 

4. Head and Shoulders Access:  21 by 14 inches (530 by 355 mm). 

5. Body Access:  25 by 14 inches (635 by 355 mm). 

6. Body plus Ladder Access:  25 by 17 inches (635 by 430 mm). 

K. Label access doors according to Section 230553 "Identification for HVAC Piping 
and Equipment" to indicate the purpose of access door. 

L. Install flexible connectors to connect ducts to equipment. 

M. Connect terminal units to supply ducts with maximum 12-inch (300-mm) lengths 
of flexible duct.  Do not use flexible ducts to change directions. 

N. Connect diffusers or light troffer boots to ducts 60-inch (1500-mm) lengths of 
flexible duct clamped or strapped in place. 

O. Connect flexible ducts to metal ducts with draw bands or adhesive plus sheet 
metal screws. 

P. Install duct test holes where required for testing and balancing purposes. 

3.2 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Operate dampers to verify full range of movement. 

2. Inspect locations of access doors and verify that purpose of access door 
can be performed. 

3. Operate fire dampers to verify full range of movement and verify that 
proper heat-response device is installed. 

4. Inspect turning vanes for proper and secure installation.  

END OF SECTION 233300 
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SECTION 233423 

HVAC POWER VENTILATORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Ceiling-mounted ventilators. 

2. Propeller fans. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to 
other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location 
and size of each field connection. 

2. Wiring Diagrams:  For power, signal, and control wiring. 

3. Vibration Isolation Base Details:  Detail fabrication including anchorages 
and attachments to structure and to supported equipment.  Include 
adjustable motor bases, rails, and frames for equipment mounting. 

4. Design Calculations:  Calculate requirements for selecting vibration 
isolators and for designing vibration isolation bases. 

1.3 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.4 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

B. AMCA Compliance:  Fans shall have AMCA-Certified performance ratings and 
shall bear the AMCA-Certified Ratings Seal. 
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PART 2 - PRODUCTS 

2.1 CEILING-MOUNTED VENTILATORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Broan-NuTone LLC; NuTone Inc. 

2. Carnes Company. 

3. Greenheck Fan Corporation. 

4. Loren Cook Company. 

5. PennBarry. 

B. Housing:  Steel, lined with acoustical insulation. 

C. Fan Wheel:  Centrifugal wheels directly mounted on motor shaft.  Fan shrouds, 
motor, and fan wheel shall be removable for service. 

D. Grille:  Plastic or Aluminum or Painted aluminum, louvered grille with flange on 
intake and thumbscrew attachment to fan housing. 

E. Electrical Requirements:  Junction box for electrical connection on housing and 
receptacle for motor plug-in. 

F. Accessories: 

1. Variable-Speed Controller:  Solid-state control to reduce speed from 100 
to less than 50 percent. 

2. Manual Starter Switch:  Single-pole rocker switch assembly with cover and 
pilot light. 

3. Time-Delay Switch:  Assembly with single-pole rocker switch, timer, and 
cover plate. 

4. Motion Sensor:  Motion detector with adjustable shutoff timer. 

5. Ceiling Radiation Damper:  Fire-rated assembly with ceramic blanket, 
stainless-steel springs, and fusible link. 

6. Filter:  Washable aluminum to fit between fan and grille. 

7. Isolation:  Rubber-in-shear vibration isolators. 

8. Manufacturer's standard roof jack or wall cap, and transition fittings. 

 

2.2 PROPELLER FANS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Acme Engineering & Manufacturing Corporation. 

2. Broan-NuTone LLC; NuTone Inc. 
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3. Cincinnati Fan. 

4. Loren Cook Company. 

5. PennBarry. 

6. Greenheck. 

B. Housing:  Galvanized-steel sheet with flanged edges and integral orifice ring 
with baked-enamel finish coat applied after assembly. 

C. Steel Fan Wheels:  Formed-steel blades riveted to heavy-gage steel spider 
bolted to cast-iron hub. 

D. Fan Wheel:  Replaceable, extruded-aluminum, airfoil blades fastened to 
cast-aluminum hub; factory set pitch angle of blades. 

E. Fan Drive:  Motor mounted in airstream, factory wired to disconnect switch 
located on outside of fan housing. 

F. Fan Drive: 

1. Resiliently mounted to housing. 

2. Statically and dynamically balanced. 

3. Selected for continuous operation at maximum rated fan speed and 
motor horsepower, with final alignment and belt adjustment made after 
installation. 

4. Extend grease fitting to accessible location outside of unit. 

5. Service Factor Based on Fan Motor Size:  1.4. 

6. Fan Shaft:  Turned, ground, and polished steel; keyed to wheel hub. 

7. Shaft Bearings:  Permanently lubricated, permanently sealed, self-
aligning ball bearings. 

a. Ball-Bearing Rating Life:  ABMA 9, L10 of 100,000 hours. 

8. Pulleys:  Cast iron with split tapered bushing; dynamically balanced at 
factory. 

9. Motor Pulleys:  Adjustable pitch for use with motors through 5 hp; fixed 
pitch for use with larger motors.  Select pulley so pitch adjustment is at 
the middle of adjustment range at fan design conditions. 

10. Belts:  Oil resistant, non-sparking, and non-static; matched sets for 
multiple belt drives. 

11. Belt Guards:  Fabricate of steel for motors mounted on outside of fan 
cabinet. 

G. Accessories: 

1. Gravity Shutters:  Aluminum blades in aluminum frame; interlocked 
blades with nylon bearings. 

http://www.specagent.com/LookUp/?uid=123456812965&mf=04&src=wd
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2. Motor-Side Back Guard:  Galvanized steel, complying with OSHA 
specifications, removable for maintenance. 

3. Wall Sleeve:  Galvanized steel to match fan and accessory size. 

4. Weathershield Hood:  Galvanized steel to match fan and accessory 
size. 

5. Weathershield Front Guard:  Galvanized steel with expanded metal 
screen. 

6. Variable-Speed Controller:  Solid-state control to reduce speed from 
100 to less than 50 percent. 

7. Disconnect Switch:  Non-fusible type, with thermal-overload protection 
mounted inside fan housing, factory wired through an internal 
aluminum conduit. 

2.3 IN-LINE CENTRIFUGAL FANS 

A. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 

1. Greenheck. 

2. Loren Cook Company. 

3. Broan-NuTone LLC. 

4. Acme Engineering & Manufacturing Corporation.  

B. Housing:  Split, spun aluminum with aluminum straightening vanes, inlet and 
outlet flanges, and support bracket adaptable to floor, side wall, or ceiling 
mounting. 

C. Direct-Drive Units:  Motor mounted in airstream, factory wired to disconnect 
switch located on outside of fan housing with wheel, inlet cone, and motor on 
swing-out service door. 

D. Belt-Driven Units:  Motor mounted on adjustable base, with adjustable sheaves, 
enclosure around belts within fan housing, and lubricating tubes from fan 
bearings extended to outside of fan housing. 

E. Fan Wheels:  Aluminum, airfoil blades welded to aluminum hub. 

F. Accessories: 

1. Variable-Speed Controller:  Solid-state control to reduce speed from 100 
to less than 50 percent. 

2. Volume-Control Damper:  Manually operated with quadrant lock, located 
in fan outlet. 

3. Companion Flanges:  For inlet and outlet duct connections. 
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4. Fan Guards:  1/2- by 1-inch (13- by 25-mm) mesh of galvanized steel in 
removable frame.  Provide guard for inlet or outlet for units not connected 
to ductwork. 

5. Motor and Drive Cover (Belt Guard):  Epoxy-coated steel. 

2.4 MOTORS 

A. Comply with NEMA designation, temperature rating, service factor, enclosure 
type, and efficiency requirements for motors specified. 

1. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so 
driven load will not require motor to operate in service factor range above 
1.0. 

B. Enclosure Type:  Totally enclosed, fan cooled. 

2.5 SOURCE QUALITY CONTROL 

A. Certify sound-power level ratings according to AMCA 301, "Methods for 
Calculating Fan Sound Ratings from Laboratory Test Data." Factory test fans 
according to AMCA 300, "Reverberant Room Method for Sound Testing of 
Fans."  Label fans with the AMCA-Certified Ratings Seal. 

B. Certify fan performance ratings, including flow rate, pressure, power, air 
density, speed of rotation, and efficiency by factory tests according to 
AMCA 210, "Laboratory Methods of Testing Fans for Aerodynamic Performance 
Rating."  Label fans with the AMCA-Certified Ratings Seal. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Equipment Mounting: 

1. Comply with requirements for vibration isolation devices specified in 
Section 230548.13 "Vibration Controls for HVAC." 

B. Ceiling Units:  Suspend units from structure; use steel wire or metal straps. 

C. Support suspended units from structure using threaded steel rods and spring 
hangers with vertical-limit stops having a static deflection of 1 inch (25 mm).  
Vibration-control devices are specified in Section 230548.13 "Vibration Controls 
for HVAC." 

D. Install units with clearances for service and maintenance. 

E. Label units according to requirements specified in Section 230553 
"Identification for HVAC Piping and Equipment." 
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3.2 CONNECTIONS 

A. Drawings indicate general arrangement of ducts and duct accessories.  Make 
final duct connections with flexible connectors.  Flexible connectors are 
specified in Section 233300 "Air Duct Accessories." 

B. Install ducts adjacent to power ventilators to allow service and maintenance. 

C. Ground equipment according to Section 260526 "Grounding and Bonding for 
Electrical Systems." 

D. Connect wiring according to Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 

3.3 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service 
representative to inspect components, assemblies, and equipment 
installations, including connections, and to assist in testing. 

B. Tests and Inspections: 

1. Verify that shipping, blocking, and bracing are removed. 

2. Verify that unit is secure on mountings and supporting devices and that 
connections to ducts and electrical components are complete.  Verify that 
proper thermal-overload protection is installed in motors, starters, and 
disconnect switches. 

3. Verify that cleaning and adjusting are complete. 

4. Disconnect fan drive from motor, verify proper motor rotation direction, 
and verify fan wheel free rotation and smooth bearing operation.  
Reconnect fan drive system, align and adjust belts, and install belt guards. 

5. Adjust belt tension. 

6. Adjust damper linkages for proper damper operation. 

7. Verify lubrication for bearings and other moving parts. 

8. Verify that manual and automatic volume control and fire and smoke 
dampers in connected ductwork systems are in fully open position. 

9. Disable automatic temperature-control operators, energize motor and 
adjust fan to indicated rpm, and measure and record motor voltage and 
amperage. 

10. Shut unit down and reconnect automatic temperature-control operators. 

11. Remove and replace malfunctioning units and retest as specified above. 

C. Test and adjust controls and safeties.  Replace damaged and malfunctioning 
controls and equipment. 
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D. Prepare test and inspection reports. 

3.4 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

B. Adjust belt tension. 

C. Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing 
for HVAC" for testing, adjusting, and balancing procedures. 

D. Replace fan and motor pulleys as required to achieve design airflow. 

E. Lubricate bearings. 

END OF SECTION 23 34 23 

 

 

 

 

 

 

 

 

 

 

 



 WHCRWA 

HVAC POWER VENTILATORS CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION  
HVAC POWER VENTILATORS 

23 34 23 - 8 of 8 

 

 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 

 



WHCRWA  

CENTRAL PUMP STATION DIFFUSERS, REGISTERS, AND GRILLES 

 

WHCRWA CENTRAL PUMP STATION  

DIFFUSERS, REGISTERS, AND GRILLES 
23 37 13 - 1 of 4 

 

SECTION 23 37 13 

DIFFUSERS, REGISTERS, AND GRILLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Rectangular and square ceiling diffusers. 

2. Fixed face registers and grilles. 

B. Related Sections: 

1. Section 233300 "Air Duct Accessories" for fire and smoke dampers and 
volume-control dampers not integral to diffusers, registers, and grilles. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated, include the following: 

1. Data Sheet:  Indicate materials of construction, finish, and mounting 
details; and performance data including throw and drop, static-pressure 
drop, and noise ratings. 

2. Diffuser, Register, and Grille Schedule:  Indicate drawing designation, 
room location, quantity, model number, size, and accessories furnished. 

B. Samples:  For each exposed product and for each color and texture specified. 

PART 2 - PRODUCTS 

2.1 CEILING DIFFUSERS 

A. Rectangular and Square Ceiling Diffusers: 

1. Manufacturers:  Subject to compliance with requirements, provide 
products by one of the following: 

a. A-J Manufacturing Co., Inc. 

b. Anemostat Products; a Mestek company. 

c. Carnes. 

d. Hart & Cooley Inc. 

e. Krueger. 

f. METALAIRE, Inc. 

g. Nailor Industries Inc. 
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h. Price Industries. 

i. Titus. 

j. Tuttle & Bailey. 

2. Devices shall be specifically designed for variable-air-volume flows. 

3. Material:  see plans. 

4. Finish:  Baked enamel, color selected by Architect. 

5. Face Size:  24 by 24 inches (600 by 600 mm) or 12 by 12 inches (300 by 
300 mm). 

6. Mounting:  Surface or T-bar. 

7. Pattern:  Fixed. 

8. Dampers:  Radial opposed blade. 

9. Face Style: Plaque.  

2.2 REGISTERS AND GRILLES 

A. Fixed Face Register: 

1. Manufacturers:  Subject to compliance with requirements, provide 
products by one of the following: 

a. A-J Manufacturing Co., Inc. 

b. Anemostat Products; a Mestek company. 

c. Carnes. 

d. Dayus Register & Grille Inc. 

e. Hart & Cooley Inc. 

f. Krueger. 

g. Nailor Industries Inc. 

h. Price Industries. 

i. Titus. 

j. Tuttle & Bailey. 

2. Material:  see plans. 

3. Finish:  Baked enamel, color selected by Architect. 

4. Face Arrangement:  Perforated core. 

5. Core Construction:  Integral. 

6. Frame: 1-1/4 inches (32 mm) or 1 inch (25 mm) wide. 

7. Mounting Frame:  Filter. 

http://www.specagent.com/LookUp/?uid=123456807324&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807325&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807326&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807384&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456823493&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807385&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807386&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807387&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807388&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807389&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807390&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807391&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456807392&mf=04&src=wd


WHCRWA  

CENTRAL PUMP STATION DIFFUSERS, REGISTERS, AND GRILLES 

 

WHCRWA CENTRAL PUMP STATION  

DIFFUSERS, REGISTERS, AND GRILLES 
23 37 13 - 3 of 4 

 

8. Mounting:  Countersunk screw or Concealed or Lay in. 

9. Damper Type:  Adjustable opposed blade. 

10. Accessory:  Filter. 

B. Fixed Face Grille: 

1. Manufacturers:  Subject to compliance with requirements, provide 
products by one of the following: 

a. A-J Manufacturing Co., Inc. 

b. Anemostat Products; a Mestek company. 

c. Carnes. 

d. Dayus Register & Grille Inc. 

e. Hart & Cooley Inc. 

f. Krueger. 

g. Nailor Industries Inc. 

h. Price Industries. 

i. Titus. 

j. Tuttle & Bailey. 

2. Material:  see plans. 

3. Finish:  Baked enamel, color selected by Architect. 

4. Face Arrangement:  Perforated core. 

5. Core Construction:  Integral. 

6. Frame:  1-1/4 inches (32 mm) or 1 inch (25 mm) wide. 

7. Mounting Frame:  Filter. 

8. Mounting:  Countersunk screw or Concealed or Lay in. 

9. Accessory:  Filter. 

2.3 SOURCE QUALITY CONTROL 

A. Verification of Performance:  Rate diffusers, registers, and grilles according to 
ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and 
Inlets." 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install diffusers, registers, and grilles level and plumb.  
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B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of 
ducts, fittings, and accessories.  Air outlet and inlet locations have been 
indicated to achieve design requirements for air volume, noise criteria, airflow 
pattern, throw, and pressure drop.  Make final locations where indicated, as 
much as practical.  For units installed in lay-in ceiling panels, locate units in the 
center of panel.  Where architectural features or other items conflict with 
installation, notify Architect for a determination of final location. 

C. Install diffusers, registers, and grilles with airtight connections to ducts and to 
allow service and maintenance of dampers, air extractors, and fire dampers. 

3.2 ADJUSTING 

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, 
or as directed, before starting air balancing. 

END OF SECTION 23 37 13 
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SECTION 23 51 00 

BREECHINGS, CHIMNEYS, AND STACKS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Listed double wall vents 

1.3 ACTION SUBMITTALS 

A. Product Data:  For the following: 

1. Type B and BW vents. 

2. Type L vents. 

3. Special gas vents. 

4. Building-heating-appliance chimneys. 

5. Refractory-lined metal breechings and chimneys. 

6. Guy wires and connectors. 

B. Shop Drawings:  For vents, breechings, chimneys, and stacks.  Include plans, 
elevations, sections, details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, methods of field assembly, components, hangers and 
seismic restraints, and location and size of each field connection. 

2. For installed products indicated to comply with design loads, include 
calculations required for selecting seismic restraints and structural analysis 
data signed and sealed by the qualified professional engineer responsible for 
their preparation. 

1.4 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

B. Warranty:  Special warranty specified in this Section. 

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain listed system components through one source from a 
single manufacturer. 
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B. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code--Steel," for hangers and supports and AWS D9.1/D9.1M, 
"Sheet Metal Welding Code," for shop and field welding of joints and seams in 
vents, breechings, and stacks. 

C. Certified Sizing Calculations:  Manufacturer shall certify venting system sizing 
calculations. 

1.6 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into 
bases.  Concrete, reinforcement, and formwork requirements are specified with 
concrete. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.   

1.7 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to 
repair or replace components of venting system that fail in materials or 
workmanship within specified warranty period.  Failures include, but are not limited 
to, structural failures caused by expansion and contraction. 

1. Warranty Period:  15 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 LISTED TYPE B AND BW VENTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

1. American Metal Products; MASCO Corporation. 

2. Cleaver-Brooks; Div. of Aqua-Chem Inc. 

3. FAMCO. 

4. Hart & Cooley, Inc. 

5. Heat-Fab, Inc. 

6. Industrial Chimney Company. 

7. LSP Products Group, Inc. 

8. Metal-Fab, Inc. 

9. Schebler Co. (The). 

10. Selkirk Inc.; Selkirk Metalbestos and Air Mate. 

11. Simpson Dura-Vent Co., Inc.; Subsidiary of Simpson Manufacturing Co. 

12. Tru-Flex Metal Hose Corp. 

13. Van-Packer Company, Inc. 

B. Description:  Double-wall metal vents tested according to UL 441 and rated for 480 
deg. F (248 deg. C) continuously for Type B, or 550 deg. F (288 deg. C) 
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continuously for Type BW; with neutral or negative flue pressure complying with 
NFPA 211. 

C. Construction:  Inner shell and outer jacket separated by at least a 1/4-inch (6-mm) 
airspace. 

D. Inner Shell: ASTM A 666, Type 430 stainless steel. 

E. Outer Jacket: Galvanized steel. 

F. Accessories:  Tees, elbows, increasers, draft-hood connectors, terminations, 
adjustable roof flashings, storm collars, support assemblies, thimbles, firestop 
spacers, and fasteners; fabricated from similar materials and designs as vent-pipe 
straight sections; all listed for same assembly. 

1. Termination:  Stack cap designed to exclude minimum 90 percent of rainfall. 

2. Termination:  Round chimney top designed to exclude minimum 98 percent of 
rainfall. 

3. Termination:  Exit cone with drain section incorporated into riser. 

4. Termination:  Antibackdraft. 

2.2 LISTED TYPE L VENTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

1. American Metal Products; MASCO Corporation. 

2. FAMCO. 

3. Heat-Fab, Inc. 

4. Industrial Chimney Company. 

5. LSP Products Group, Inc. 

6. Metal-Fab, Inc. 

7. Schebler Co. (The). 

8. Selkirk Inc.; Selkirk Metalbestos and Air Mate. 

9. Simpson Dura-Vent Co., Inc.; Subsidiary of Simpson Manufacturing Co. 

10. Tru-Flex Metal Hose Corp. 

11. Van-Packer Company, Inc. 

B. Description:  Double-wall metal vents tested according to UL 641 and rated for 570 
deg. F (300 deg. C) continuously, or 1700 deg. F (926 deg. C) for 10 minutes; with 
neutral or negative flue pressure complying with NFPA 211. 

C. Construction:  Inner shell and outer jacket separated by at least a 1/4-inch 
mineral-wool insulation. 

D. Inner Shell:  ASTM A 666, Type 316 stainless steel. 

E. Outer Jacket: Galvanized steel. 
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F. Accessories:  Tees, elbows, increasers, draft-hood connectors, terminations, 
adjustable roof flashings, storm collars, support assemblies, thimbles, firestop 
spacers, and fasteners; fabricated from similar materials and designs as vent-pipe 
straight sections; all listed for same assembly. 

1. Termination:  Stack cap designed to exclude 90 percent of rainfall. 

2. Termination:  Round chimney top designed to exclude 98 percent of rainfall. 

3. Termination:  Exit cone with drain section incorporated into riser. 

2.3 LISTED SPECIAL GAS VENTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

1. Heat-Fab, Inc. 

2. Metal-Fab, Inc. 

3. Selkirk Inc.; Selkirk Metalbestos and Air Mate. 

4. Z-Flex; Flexmaster Canada Limited. 

B. Description:  Double-wall metal vents tested according to UL 1738 and rated for 
480 deg. F (248 deg. C) continuously, with positive or negative flue pressure 
complying with NFPA 211. 

C. Construction:  Inner shell and outer jacket separated by at least a 1/2-inch (13-mm) 
airspace. 

D. Inner Shell:  ASTM A 959, Type 29-4C stainless steel. 

E. Outer Jacket:  Stainless steel. 

F. Accessories:  Tees, elbows, increasers, draft-hood connectors, terminations, 
adjustable roof flashings, storm collars, support assemblies, thimbles, firestop 
spacers, and fasteners; fabricated from similar materials and designs as vent-pipe 
straight sections; all listed for same assembly. 

1. Termination:  Stack cap designed to exclude minimum 90 percent of rainfall. 

2. Termination:  Round chimney top designed to exclude minimum 98 percent of 
rainfall. 

3. Termination:  Exit cone with drain section incorporated into riser. 

2.4 GUYING AND BRACING MATERIALS 

A. Cable: Three galvanized, stranded wires of the following thickness: 

1. Minimum Size:  1/4 inch (6 mm) in diameter. 

2. For ID Sizes 4 to 15 Inches (100 to 381 mm):  5/16 inch (8 mm). 

3. For ID Sizes 18 to 24 Inches (457 to 610 mm):  3/8 inch (9.5 mm). 

4. For ID Sizes 27 to 30 Inches (685 to 762 mm):  7/16 inch (11 mm). 

5. For ID Sizes 33 to 36 Inches (838 to 915 mm):  1/2 inch (13 mm). 

6. For ID Sizes 39 to 48 Inches (990 to 1220 mm):  9/16 inch (14.3 mm). 
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7. For ID Sizes 51 to 60 Inches (1295 to 1524 mm):  5/8 inch (16 mm). 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of work. 

1. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 APPLICATION 

A. Listed Type B and BW Vents:  Vents for certified gas appliances. 

B. Listed Type L Vent:  Vents for low-heat appliances. 

C. Listed Special Gas Vent:  Condensing gas appliances. 

D. Listed Building-Heating-Appliance Chimneys:  Dual-fuel boilers, oven vents, water 
heaters, and exhaust for engines.  Fireplaces and other solid-fuel-burning 
appliances. 

E. Listed, Refractory-Lined Metal Breechings and Chimneys:  Freestanding dual-fuel 
boiler vents, oven vents, water heaters, exhaust for engines, fireplaces, and other 
solid-fuel-burning appliances. 

F. Field-Fabricated Metal Breechings and Chimneys:  Dual-fuel boilers, oven vents, 
water heaters, exhaust for engines, fireplaces, and other solid-fuel-burning 
appliances. 

G. Field-Fabricated Metal Breechings and Chimneys:  Steel pipe for use with engine 
exhaust. 

3.3 INSTALLATION OF LISTED VENTS AND CHIMNEYS 

A. Locate to comply with minimum clearances from combustibles and minimum 
termination heights according to product listing or NFPA 211, whichever is most 
stringent. 

B. Seal between sections of positive-pressure vents and grease exhaust ducts 
according to manufacturer's written installation instructions, using sealants 
recommended by manufacturer. 

C. Support vents at intervals recommended by manufacturer to support weight of 
vents and all accessories, without exceeding appliance loading. 

D. Slope breechings down in direction of appliance, with condensate drain connection 
at lowest point piped to nearest drain. 

E. Lap joints in direction of flow. 

F. Connect base section to foundation using anchor lugs of size and number 
recommended by manufacturer. 

G. Join sections with acid-resistant joint cement to provide continuous joint and 
smooth interior finish. 
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H. Erect stacks plumb to finished tolerance of no more than 1 inch (25 mm) out of 
plumb from top to bottom. 

3.4 INSTALLATION OF UNLISTED, FIELD-FABRICATED BREECHINGS AND 
CHIMNEYS 

A. Suspend breechings and chimneys independent of their appliance connections. 

B. Install, support, and restrain according to seismic requirements. 

C. Align breechings at connections, with smooth internal surface and a maximum 1/8-
inch (3-mm) misalignment tolerance. 

D. Slope breechings down in direction of appliance, with condensate drain connection 
at lowest point piped to nearest drain. 

E. Lap joints in direction of flow. 

F. Support breechings and chimneys from building structure with bolts, concrete 
inserts, steel expansion anchors, welded studs, C-clamps, or beam clamps 
according to manufacturer's written instructions. 

3.5 CLEANING 

A. After completing system installation, including outlet fittings and devices, inspect 
exposed finish.  Remove burrs, dirt, and construction debris and repair damaged 
finishes. 

B. Clean breechings internally, during and after installation, to remove dust and 
debris.  Clean external surfaces to remove welding slag and mill film.  Grind welds 
smooth and apply touchup finish to match factory or shop finish. 

C. Provide temporary closures at ends of breechings, chimneys, and stacks that are 
not completed or connected to equipment. 

END OF SECTION 23 51 00 
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SECTION 237416.13 
PACKAGED, LARGE-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes packaged, large-capacity, rooftop air conditioning units (RTUs) 
with the following components and accessories: 

1. Casings. 

2. Fans. 

3. Motors. 

4. Coils. 

5. Refrigerant circuit components. 

6. Air filtration. 

7. Supported bag filters. 

8. Dampers. 

9. Electrical power connections. 

10. Controls. 

11. Accessories 

12. Roof curbs. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Include details of equipment assemblies. Indicate dimensions, weights, 
loads, required clearances, method of field assembly, components, and 
location and size of each field connection. 

2. Include diagrams for power, signal, and control wiring. 

C. Delegated-Design Submittal: For RTU supports indicated to comply with 
performance requirements and design criteria, including analysis data signed 
and sealed by the qualified professional engineer responsible for their 
preparation. 

1. Design Calculations: Calculate requirements for selecting vibration 
isolators and for designing vibration isolation bases. 
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2. Detail mounting, securing, and flashing of roof curb to roof structure. 
Indicate coordinating requirements with roof membrane system. 

3. Wind - Restraint Details: Detail fabrication and attachment of wind and 
seismic restraints and snubbers. Show anchorage details and indicate 
quantity, diameter, and depth of penetration of anchors. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans and other details, drawn to scale and coordinated 
with each other, using input from installers of the items involved. 

B. Product Certificates: Submit certification that specified equipment will withstand 
wind forces identified in "Performance Requirements" Article and in 
Section 230548.13 "Vibration and Seismic Controls for HVAC." 

C. Seismic Qualification Certificates: For RTUs, accessories, and components, 
from manufacturer. 

D. Field quality-control reports. 

E. Sample warranty. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of 
RTUs that fail in materials or workmanship within specified warranty period. 

1. Warranty Period for Compressors: Manufacturer's standard, but not less 
than five years from date of Substantial Completion. 

2. Warranty Period for Solid-State Ignition Modules: Manufacturer's standard, 
but not less than three years from date of Substantial Completion. 

3. Warranty Period for Control Boards: Manufacturer's standard, but not less 
than three years from date of Substantial Completion. 

4. Warranty Period for UVGI System: Lifetime with exception of lamps. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. AHRI Compliance: 

1. Comply with AHRI 340/360 for testing and rating energy efficiencies for 
RTUs. 

2. Comply with AHRI 270 for testing and rating sound performance for RTUs. 
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3. Comply with AHRI 1060 for testing and rating performance for air-to-air 
exchanger. 

4. Comply with AHRI 210/240 for testing and rating energy efficiencies for 
RTUs. 

B. AMCA Compliance: 

1. Comply with AMCA 11 and bear the AMCA-Certified Ratings Seal for air 
and sound performance according to AMCA 211 and AMCA 311. 

2. Damper leakage tested in accordance with AMCA 500-D. 

3. Operating Limits: Classify according to AMCA 99. 

C. ASHRAE Compliance: 

1. Comply with ASHRAE 15 for refrigeration system safety. 

2. Comply with ASHRAE 33 for methods of testing cooling and heating coils. 

3. Comply with applicable requirements in ASHRAE 62.1, Section 5 - 
"Systems and Equipment" and Section 7 - "Construction and Startup." 

D. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, 
Section 6 - "Heating, Ventilating, and Air-Conditioning." 

E. NFPA Compliance: Comply with NFPA 90A or NFPA 90B. 

F. UL Compliance: Comply with UL 1995. 

G. Electrical Components, Devices, and Accessories: Listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

2.2 MANUFACTURERS 

A. Carrier. 

B. York. 

C. Trane. 

D. Daikin. 

2.3 PERFORMANCE REQUIREMENTS  

A. Delegated Design:  Design RTU supports to comply with [wind] [and] [seismic] 
performance requirements, including comprehensive engineering analysis by a 
qualified professional engineer, using performance requirements and design 
criteria indicated. 

B. Wind-Restraint Performance: 

1. Basic Wind Speed:  150 mph. 

2. Building Classification Category: III. 
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3. Minimum 10 lb/sq. ft (48.8 kg/sq. m) multiplied by the maximum area of 
the mechanical component projected on a vertical plane that is normal to 
the wind direction, and 45 degrees either side of normal. 

C. Seismic Performance:  RTUs shall withstand the effects of earthquake motions 
determined according to SEI/ASCE 7. 

1. The term "withstand" means "the unit will remain in place without 
separation of any parts from the device when subjected to the seismic 
forces specified. 

2.4 CASINGS 

A. General Fabrication Requirements for Casings: Formed and reinforced double-
wall insulated panels, fabricated to allow removal for access to internal parts 
and components, with joints between sections sealed. 

B. Double-Wall Construction: Fill space between walls with 2 inch foam insulation 
and seal moisture tight for R-13 performance. 

C. Exterior Casing Material: Galvanized steel with factory-painted finish, with 
pitched roof panels and knockouts with grommet seals for electrical and piping 
connections and lifting lugs. 

1. Corrosion Protection: 2500 hours salt spray test in accordance with ASTM 
B117. 

D. Inner Casing Fabrication Requirements: 

1. Inside Casing: G-90-coated galvanized steel, .034 inch thick, perforated 
40 percent free area. 

E. Casing Insulation and Adhesive: Comply with NFPA 90A or NFPA 90B. 

1. Materials: ASTM C 1071, Type I. 

2. Thickness: 1 inch. 

3. Liner materials shall have air-stream surface coated with an erosion- and 
temperature-resistant coating or faced with a plain or coated fibrous mat 
or fabric. 

4. Liner Adhesive: Comply with ASTM C 916, Type I. 

F. Condensate Drain Pans: Fabricated using stainless 0.025 inches thick steel 
sheet, a minimum of 2 inches deep, and complying with ASHRAE 62.1 for 
design and construction of drain pans. 

1. Double-Wall Construction: Fill space between walls with foam insulation 
and seal moisture tight. 

2. Drain Connections: Threaded nipple. 

G. Airstream Surfaces: Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1. 
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2.5 FANS 

A. Supply-Air Fans: Aluminum or painted-steel wheels, and galvanized- or painted-
steel fan scrolls. 

1. Direct-Driven Supply-Air Fans: Motor shall be resiliently mounted in the 
fan inlet. 

2. Belt-Driven Supply-Air Fans: Motors shall be installed on an adjustable fan 
base resiliently mounted in the casing. 

B. Condenser-Coil Fan: Variable-speed propeller, mounted on shaft of 
permanently lubricated ECM motors. 

2.6 MOTORS 

A. Comply with NEMA MG 1, Design B, medium induction motor, unless otherwise 
indicated. 

B. Comply with IEEE 841 for severe-duty motors. 

C. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven 
load will not require motor to operate in service factor range above 1.0. 

D. Duty: Continuous duty at ambient temperature of 104 deg F and at altitude of 
3300 feet above sea level. 

E. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate 
connected loads at designated speeds, at installed altitude and environment, 
with indicated operating sequence, and without exceeding nameplate ratings or 
considering service factor. 

F. Efficiency: Energy efficient, as defined in NEMA MG 1. 

G. Comply with NEMA designation, temperature rating, service factor, and 
efficiency requirements. 

H. Multispeed Motors: Variable torque. 

1. For motors with 2:1 speed ratio, consequent pole, single winding. 

2. For motors with other than 2:1 speed ratio, separate winding for each 
speed. 

I. Multispeed Motors: Separate winding for each speed. 

J. Rotor: Random-wound, squirrel cage. 

K. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and 
thrust loading. 

L. Temperature Rise: Match insulation rating. 

M. Insulation: Class F. 

N. Code Letter Designation: 
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1. Motors 15 HP and Larger: NEMA starting Code F or Code G. 

2. Motors Smaller than 15 HP: Manufacturer's standard starting 
characteristic. 

O. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel 
for motor frame sizes smaller than 324T. 

P. Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring 
connection requirements for controller with required motor leads. Provide 
terminals in motor terminal box, suited to control method. 

Q. Motors Used with Variable Frequency Controllers: Ratings, characteristics, 
and features coordinated with and approved by controller manufacturer. 

1. Windings: Copper magnet wire with moisture-resistant insulation varnish, 
designed and tested to resist transient spikes, high frequencies, and short 
time rise pulses produced by pulse-width modulated inverters. 

2. Energy- and Premium-Efficient Motors: Class B temperature rise; Class F 
insulation. 

3. Inverter-Duty Motors: Class F temperature rise; Class H insulation. 

4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally 
protected motors. 

2.7 COILS 

A. Supply-Air Refrigerant Coil: 

1. Copper-plate fin and seamless internally grooved copper tube in steel 
casing with equalizing-type vertical distributor. 

2. Polymer strip shall prevent all copper coil from contacting steel coil frame 
or condensate pan. 

3. Coil Split: Interlaced. 

4. Condensate Drain Pan: Stainless steel formed with pitch and drain 
connections complying with ASHRAE 62.1. 

2.8 REFRIGERANT CIRCUIT COMPONENTS 

A. Number of Refrigerant Circuits: Two. 

B. Compressor: Hermetic, variable speed scroll, mounted on vibration isolators; 
with internal overcurrent and high-temperature protection, internal pressure 
relief, and crankcase heater. 

C. Refrigeration Specialties: 

1. Refrigerant: R-410A. 

2. Expansion valve with replaceable thermostatic element. 

3. Refrigerant filter/dryer. 
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4. Manual-reset high-pressure safety switch. 

5. Automatic-reset low-pressure safety switch. 

6. Minimum off-time relay. 

7. Automatic-reset compressor motor thermal overload. 

8. Brass service valves installed in compressor suction and liquid lines. 

2.9 AIR FILTRATION 

A. Minimum arrestance and a minimum efficiency reporting value according to 
ASHRAE 52.2. 

B. Pleated Panel Filters: 

1. Description: Factory-fabricated, self-supported, extended-surface, pleated, 
panel-type, disposable air filters with holding frames. 

2. Filter Unit Class: UL 900, Class 1. 

3. Media: Interlaced glass or synthetic fibers coated with nonflammable 
adhesive. 

a. Adhesive: As recommended by air-filter manufacturer and with a 
VOC content of 80 g/L or less. 

b. Adhesive: As recommended by air-filter manufacturer and that 
complies with the testing and product requirements of the California 
Department of Public Health's "Standard Method for the Testing and 
Evaluation of Volatile Organic Chemical Emissions from Indoor 
Sources Using Environmental Chambers." 

c. Media shall be coated with an antimicrobial agent. 

d. Separators shall be bonded to the media to maintain pleat 
configuration. 

e. Welded-wire grid shall be on downstream side to maintain pleat. 

f. Media shall be bonded to frame to prevent air bypass. 

g. Support members on upstream and downstream sides to maintain 
pleat spacing. 

2.10 DAMPERS 

A. Outdoor- and Return-Air Mixing Dampers: Opposed-blade galvanized-steel 
dampers mechanically fastened to cadmium plated for galvanized-steel 
operating rod in reinforced cabinet. Connect operating rods with common 
linkage and interconnect so dampers operate simultaneously. 

1. Leakage Rate: As required by ASHRAE/IES 90.1. 

2. Damper Motor: Modulating with adjustable minimum position. 
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3. Relief-Air Damper: Gravity actuated or motorized, as required by 
ASHRAE/IES 90.1, with bird screen and hood. 

B. Barometric relief dampers. 

2.11 ELECTRICAL POWER CONNECTIONS 

A. RTU shall have a single connection of power to unit with unit-mounted 
disconnect switch accessible from outside unit and control-circuit 
transformer with built-in overcurrent protection. 

2.12 CONTROLS 

A. Basic Unit Controls: 
1. Control-voltage transformer. 
2. Wall-mounted thermostat or sensor with the following features: 

a. Heat-cool-off switch. 
b. Fan on-auto switch. 
c. Fan-speed switch. 
d. Automatic changeover. 
e. Adjustable deadband. 
f. Exposed set point. 
g. Exposed indication. 
h. Degree F indication. 
i. Unoccupied-period-override push button. 
j. Data entry and access port to input temperature set points, occupied 

and unoccupied periods, and output room temperature, supply-air 
temperature, operating mode, and status. 

3. Remote Wall-Mounted Annunciator Panel for Each Unit: 
a. Lights to indicate power on, cooling, heating, fan running, filter dirty, 

and unit alarm or failure. 
b. DDC controller or programmable timer and interface with HVAC 

instrumentation and control system. 
c. Digital display of outdoor-air temperature, supply-air temperature, 

return-air temperature, economizer damper position, indoor-air 
quality, and control parameters. 

B. DDC Controller: 
1. Controller shall have volatile-memory backup. 
2. Safety Control Operation: 

a. Smoke Detectors: Stop fan and close outdoor-air damper if smoke is 
detected. Provide additional contacts for alarm interface to fire alarm 
control panel. 

b. Firestats: Stop fan and close outdoor-air damper if air greater than 
130 deg F enters unit. Provide additional contacts for alarm interface 
to fire alarm control panel. 

c. Fire Alarm Control Panel Interface: Provide control interface to 
coordinate with operating sequence described in Section 284621.11 
“Addressable Fire-Alarm Systems”. 
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3. Scheduled Operation: Occupied and unoccupied periods on seven 365-
day clock with a minimum of four programmable periods per day. 

4. Unoccupied Period: 
a. Heating Setback: 10 deg F. 
b. Cooling Setback: System off. 
c. Override Operation: Two hours. 

5. Supply Fan Operation: 
a. Occupied Periods: Run fan continuously. 
b. Unoccupied Periods: Cycle fan to maintain setback temperature. 

6. Refrigerant Circuit Operation: 
a. Occupied Periods: Cycle or stage compressors to match compressor 

output to cooling load to maintain room temperature. Cycle 
condenser fans to maintain maximum hot-gas pressure. 

b. Unoccupied Periods: Compressors off. 
7. Fixed Minimum Outdoor-Air Damper Operation: 

a. Occupied Periods: Open to 25 percent. 
b. Unoccupied Periods: Close the outdoor-air damper. 

8. Economizer Outdoor-Air Damper Operation: 
a. Morning building outdoor air flush cycles. 
b. Occupied Periods: Open to 25 percent fixed minimum intake, and 

maximum 100 percent of the fan capacity. Controller shall permit air-
side economizer operation when outdoor air is less than 60 deg F. 
Use outdoor-air enthalpy to adjust mixing dampers. During 
economizer cycle operation, lock out cooling. 

c. Unoccupied Periods: Close outdoor-air damper and open return-air 
damper. 

C. Interface Requirements for HVAC Instrumentation and Control System: 
1. Interface relay for scheduled operation. 
2. Interface relay to provide indication of fault at the central workstation and 

diagnostic code storage. 
3. Provide BACnet or LonWorks compatible interface for central HVAC 

control workstation for the following: 
a. Adjusting set points. 
b. Monitoring supply fan start, stop, and operation. 
c. Inquiring data to include outdoor-air damper position, supply- and 

room-air temperature. 
d. Monitoring occupied and unoccupied operations. 
e. Monitoring constant and variable motor loads. 
f. Monitoring variable-frequency drive operation. 
g. Monitoring cooling load. 
h. Monitoring economizer cycles. 
i. Monitoring air-distribution static pressure and ventilation air volume. 
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2.13 ACCESSORIES 

A. Duplex, 115-V, ground-fault-interrupter outlet with 15-A overcurrent protection. 
Include transformer if required. Outlet shall be energized even if the unit 
main disconnect is open. 

B. Filter differential pressure switch with sensor tubing on either side of filter. Set 
for final filter pressure loss. 

C. Remote potentiometer to adjust minimum economizer damper position. 

D. Return-air bypass damper. 

E. Factory- or field-installed demand-controlled ventilation. 

F. Safeties: 

1. Smoke detector. 

2. Condensate overflow switch. 

3. Phase-loss reversal protection. 

4. High and low pressure control. 

 

G. Coil guards of painted, galvanized-steel wire. 

H. Hail guards of galvanized steel, painted to match casing. 

I. Concentric diffuser with white louvers and polished aluminum return grilles, 
insulated diffuser box with mounting flanges, and interior transition. 

J. Vertical vent extensions to increase the separation between the outdoor-air 
intake and the flue-gas outlet. 

K. Door switches to disable heating or reset setpoint when open. 

L. Outdoor air intake weather hood. 

M. Service Lights and Switch: Factory installed in fan and coil sections with 
weatherproof cover. Factory wire lights to a single-point field connection. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Unit Support: Install unit level on structural steel supports. Coordinate wall 
penetrations and flashing with wall construction. Secure RTUs to structural 
support with anchor bolts. 

B. Equipment Mounting: 

 

1. Comply with requirements for vibration isolation devices specified in 
Section 230548.13 "Vibration Controls for HVAC." 
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3.2 CONNECTIONS 

A. Install condensate drain, minimum connection size, with trap and indirect 
connection to nearest roof drain or area drain. 

B. Duct installation requirements are specified in other HVAC Sections. Drawings 
indicate the general arrangement of ducts. The following are specific connection 
requirements: 

 

1. Connect supply ducts to RTUs with flexible duct connectors specified in 
Section 233300 "Air Duct Accessories." 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service 
representative to test and inspect components, assemblies, and equipment 
installations, including connections. 

B. Perform the following tests and inspections with the assistance of a factory-
authorized service representative: 

1. After installing RTUs and after electrical circuitry has been energized, test 
units for compliance with requirements. 

2. Inspect for and remove shipping bolts, blocks, and tie-down straps. 

3. Operational Test: After electrical circuitry has been energized, start units 
to confirm proper motor rotation and unit operation. 

4. Test and adjust controls and safeties. Replace damaged and 
malfunctioning controls and equipment. 

C. RTU will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's 
maintenance personnel to adjust, operate, and maintain RTUs. 

 

END OF SECTION 23 74 16.13 
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SECTION 23 81 26  

SPLIT-SYSTEM AIR-CONDITIONERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes split-system air-conditioning and heat-pump units consisting of 
separate evaporator-fan and compressor-condenser components. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

B. LEED Submittals: 

1. Product Data for Credit EA 4: Documentation indicating that equipment and 
refrigerants comply. 

2. Product Data for Prerequisite IEQ 1: Documentation indicating that units 
comply with ASHRAE 62.1, Section 5 - "Systems and Equipment." 

C. Shop Drawings: Include plans, elevations, sections, details, and attachments to 
other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, re-
quired clearances, method of field assembly, components, and location and 
size of each field connection. 

1.3 INFORMATIONAL SUBMITTALS 

A. Warranty: Sample of special warranty. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as de-
fined in NFPA 70, by a qualified testing agency, and marked for intended loca-
tion and application. 

B. ASHRAE Compliance: 

1. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safe-
ty Standard for Refrigeration Systems." 

2. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 4 
- "Outdoor Air Quality," Section 5 - "Systems and Equipment," Section 6 - " 
Procedures," and Section 7 - "Construction and System Start-up." 
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C. ASHRAE/IESNA Compliance: Applicable requirements in 
ASHRAE/IESNA 90.1. 

1.6 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees 
to repair or replace components of split-system air-conditioning units that fail in 
materials or workmanship within specified warranty period. 

1. Warranty Period: 

a. For Compressor: Five year(s) from date of Substantial Completion. 

b. For Parts: Five year(s) from date of Substantial Completion. 

c. For Labor: Five year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Mitsubishi 

B. Daikin 

2.2 INDOOR UNITS (5 TONS OR LESS) 

A. Wall-Mounted, Evaporator-Fan Components: 

1. Cabinet: Enameled steel with removable panels on front and ends in color 
selected by Architect, and discharge drain pans with drain connection. 

2. Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins and 
thermal-expansion valve. Comply with ARI 206/110. 

3. Fan: Direct drive, centrifugal. 

4. Fan Motors: 

a. Comply with NEMA designation, temperature rating, service factor, en-
closure type, and efficiency requirements specified in Section 230513 
"Common Motor Requirements for HVAC Equipment." 

b. Multitapped, multispeed with internal thermal protection and permanent 
lubrication. 

c. Enclosure Type: Totally enclosed, fan cooled. 

d. NEMA Premium (TM) efficient motors as defined in NEMA MG 1. 

e. Controllers, Electrical Devices, and Wiring: Comply with requirements for 
electrical devices and connections specified in electrical Sections. 

f. Mount unit-mounted disconnect switches on exterior of unit. 

5. Airstream Surfaces: Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1. 

6. Condensate Drain Pans: 
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a. Fabricated with one percent slope in at least two planes to collect con-
densate from cooling coils (including coil piping connections, coil head-
ers, and return bends) and humidifiers, and to direct water toward drain 
connection. 

1) Length: Extend drain pan downstream from leaving face to comply 
with ASHRAE 62.1. 

2) Depth: A minimum of 1 inch deep. 

b. Single-wall, stainless-steel sheet. 

c. Drain Connection: Located at lowest point of pan and sized to prevent 
overflow. Terminate with threaded nipple on one end of pan. 

1) Minimum Connection Size: NPS 1. 

d. Pan-Top Surface Coating: Asphaltic waterproofing compound. 

7. Air Filtration Section: 

a. General Requirements for Air Filtration Section: 

1) Comply with NFPA 90A. 

2) Minimum Arrestance: According to ASHRAE 52.1 and MERV ac-
cording to ASHRAE 52.2. 

3) Filter-Holding Frames: Arranged for flat or angular orientation, with 
access doors on both sides of unit. Filters shall be removable from 
one side or lifted out from access plenum. 

2.3 OUTDOOR UNITS (5 TONS OR LESS) 

A. Air-Cooled, Compressor-Condenser Components: 

1. Casing: Steel, finished with baked enamel in color selected by Architect, 
with removable panels for access to controls, weep holes for water drain-
age, and mounting holes in base. Provide brass service valves, fittings, and 
gage ports on exterior of casing. 

2. Compressor: Hermetically sealed with crankcase heater and mounted on 
vibration isolation device. Compressor motor shall have thermal- and cur-
rent-sensitive overload devices, start capacitor, relay, and contactor. 

a. Compressor Type: Scroll. 

b. Two-speed compressor motor with manual-reset high-pressure switch 
and automatic-reset low-pressure switch. 

c. Refrigerant Charge: R-410A. 

d. Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins 
and liquid subcooler. Comply with ARI 206/110. 

3. Heat-Pump Components: Reversing valve and low-temperature-air cutoff 
thermostat. 

4. Fan: Aluminum-propeller type, directly connected to motor. 

5. Motor: Permanently lubricated, with integral thermal-overload protection. 
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6. Low Ambient Kit: Permits operation down to 45 deg F (7 deg C). 

7. Mounting Base: Polyethylene. 

2.4 ACCESSORIES 

A. Control equipment and sequence of operation are specified on drawings. 

B. Thermostat: Low voltage with subbase to control compressor and evaporator 
fan. 

C. Thermostat: Wireless infrared functioning to remotely control compressor and 
evaporator fan, with the following features: 

1. Compressor time delay. 

2. 24-hour time control of system stop and start. 

3. Liquid-crystal display indicating temperature, set-point temperature, time 
setting, operating mode, and fan speed. 

4. Fan-speed selection including auto setting. 

D. Automatic-reset timer to prevent rapid cycling of compressor. 

E. Refrigerant Line Kits: Soft-annealed copper suction and liquid lines factory 
cleaned, dried, pressurized, and sealed; factory-insulated suction line with 
flared fittings at both ends. 

F. Drain Hose: For condensate. 

G. Additional Monitoring: 

1. Monitor constant and variable motor loads. 

2. Monitor variable-frequency-drive operation. 

3. Monitor economizer cycle. 

4. Monitor cooling load. 

5. Monitor air distribution static pressure and ventilation air volumes. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install units level and plumb. 

B. Install evaporator-fan components using manufacturer's standard mounting de-
vices securely fastened to building structure. 
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C. Equipment Mounting: 

1. Install ground-mounted, compressor-condenser components on cast-in-
place concrete equipment base(s). Comply with requirements for equipment 
bases and foundations specified in Section 03. 

2. Install ground-mounted, compressor-condenser components on polyeth-
ylene mounting base. 

3. Comply with requirements for vibration isolation and seismic control devices 
specified in Section 23 05 48.13 "Vibration Controls for HVAC." 

4. Comply with requirements for vibration isolation devices specified in Sec-
tion 23 05 48.13 "Vibration Controls for HVAC." 

D. Install and connect precharged refrigerant tubing to component's quick-connect 
fittings. Install tubing to allow access to unit. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Sections. Drawings indi-
cate general arrangement of piping, fittings, and specialties. 

B. Where piping is installed adjacent to unit, allow space for service and mainte-
nance of unit. 

C. Duct Connections: Duct installation requirements are specified in Section 23 31 
13 "Metal Ducts." Drawings indicate the general arrangement of ducts. Connect 
supply and return ducts to split-system air-conditioning units with flexible duct 
connectors. Flexible duct connectors are specified in Section 23 33 00 "Air Duct 
Accessories." 

3.3 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

1. Manufacturer's Field Service: Engage a factory-authorized service repre-
sentative to inspect components, assemblies, and equipment installations, 
including connections, and to assist in testing. 

B. Tests and Inspections: 

1. Leak Test: After installation, charge system and test for leaks. Repair leaks 
and retest until no leaks exist. 

2. Operational Test: After electrical circuitry has been energized, start units to 
confirm proper motor rotation and unit operation. 

3. Test and adjust controls and safeties. Replace damaged and malfunction-
ing controls and equipment. 

C. Remove and replace malfunctioning units and retest as specified above. 

D. Prepare test and inspection reports. 
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3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's mainte-
nance personnel to adjust, operate, and maintain units. 

END OF SECTION 
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SECTION 23 81 27 

VARIABLE REFRIGERANT VOLUME MULTIPLE EVAPORATOR DX SYSTEMS 

 

 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

 
A. Furnish and install a multiple evaporator (fan coil), direct expansion (DX), varia-

ble capacity HVAC system including scheduled fan coil units, refrigerant piping, 
insulation, control wiring, and condensing units required to meet the perfor-
mance as shown in the equipment schedules. 

 

1.2 RELATED WORK 

 
A. Division 23 Mechanical. 

 
1. Air Balance. 
2. Ductwork. 
3. Controls. 
4. Electrical Provisions of Mechanical Work. 
5. Air Filtration. 

 

1.3    QUALITY ASSURANCE 

A. The units shall be listed by Electrical Laboratories (ETL) and bear the cETL 
label. 

B. All wiring shall be in accordance with the National Electric Code (NEC). 
C. The system will be produced in an ISO 9001 and ISO 14001 facility, 

which are standards set by the International Standard Organization 
(ISO).  The system shall be factory tested for safety and function. 

D. The outdoor unit will be factory charged with R-410A. 
 

1.4 PERFORMANCE 

 
A. The variable capacity, heat recovery and heat pump air conditioning system 

shall be a Variable Refrigerant Volume (heat and cool model) split system as 
specified.  The system shall consist of multiple evaporators, branch selector 
boxes, manufacturer supplied refrigerant joints and headers, a three pipe refrig-
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eration distribution system using PID control, and matched variable speed out-
door condensing units.  The outdoor unit is a direct expansion (DX), air-cooled 
heat recovery/heat pump, multi-zone air-conditioning system with variable 
speed driven compressors using R-410A refrigerant.    All zones are each ca-
pable of operating separately with individual temperature control.  Where heat 
recovery systems are specified, a 3-pipe system shall be provided with a dedi-
cated hot gas pipe.  Two-pipe systems requiring separation of the gas and liq-
uid refrigerant are not acceptable. 

 
B. Where heat recovery is specified, operation of the system shall permit either in-

dividual cooling or heating of each fan coil simultaneously or all of the fan coil 
units associated with one branch cool/heat selector box.  See drawings for 
Branch Selector locations and associated fan coil units. 

  
C. Branch selector (BS) boxes shall be located as shown on the drawing.  The 

branch selector boxes shall have the capacity to control up to 60 MBH (cooling) 
down stream of the BS box.  The BS box shall consist of five electronic expan-
sion valves, refrigerant control piping and electronics to facilitate communica-
tions between the BS box and main processor and between the BS box and fan 
coils.  The BS box shall control the operational mode of the subordinate fan 
coils.  The use of five EXV’s ensures continuous heating during defrost, no heat-
ing impact during changeover and reduced sound levels.  If solenoid valves in 
the selector box cause a “clicking” sound upon changeover, then the contractor 
shall be required to provide additional acoustic wrapping of the box until sound 
levels are acceptable to the owner and engineer. 

 
D. Each indoor unit or group of indoor units shall be independently controlled. 
 
E. Equipment capacities to meet LATs and Total and Sensible capacities as 

scheduled. 
 
F. All units shall be provided with performance and efficiency rated and certified to 

AHRI 1230 standard.  Efficiency levels scheduled are to be considered a mini-
mum efficiency. 

 

1.4 STRUCTURAL REQUIREMENTS 

 
A. Provide factory assembled units complete with factory installed expansion 

valves, control boards, and all control devices.  No field installation of control 
devices shall be required.   

 

PART 2 - PRODUCTS 
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2.1 ACCEPTABLE MANUFACTURERS 

 
A. Daikin – Basis of Design 
  
B. Other manufacturers: Mitsubishi  

 
 

2.2  WARRANTY 

The units shall have the manufacturer’s parts and labor warranty for a period of 
one (1) year from date of installation.  The compressors shall have a parts war-
ranty of five (5) years from date of installation.  All warranty service work shall be 
performed by a factory trained service professional.  Warranty shall be adminis-
tered by the manufacturer or local manufacturer’s distribution representative.  All 
service persons shall be factory trained and certified.  If the manufacturer or local 
distribution representative does not have a local service department, then the 
contractor shall assume all warranty obligations during this period.  If warranty is 
a “contractor warranty” then it shall be clearly indicated in the equipment submit-
tal.  The contractor’s factory certification shall be provided in the equipment sub-
mittal.  
 

2.3   INSTALLATION REQUIREMENTS 

The system must be installed by a factory trained contractor/installer.  The bid-
ders shall be required to submit training certification proof prior to award of con-
tract.  The mechanical contractor’s installation price shall be based on the sys-
tems installation requirements.  The mechanical contractor bids with complete 
knowledge of the HVAC system requirements.  For information on obtaining in-
stallation certification in Texas, contact Direct Expansion Solutions (Joel Hill) at 
832-328-1010. 

 

PART 3 – PERFORMANCE 

 

3.1  OPERATING RANGE 

The operating range in cooling will be 23°F DB ~ 110°F DB. 
The operating range in heating will be 0°F DB – 64°F DB / -4°F WB – 60°F WB.  
Simultaneous cooling/heating operating range will be 22°F WB ~ 60°F WB.  

 

3.2  REFRIGERANT PIPING 
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The system shall be capable of refrigerant piping up to 540 actual feet or 620 
equivalent feet from the outdoor unit to the furthest indoor unit, a total combined 
liquid line length of 3,280 feet of piping between the condensing and fan coil units 
with 295 feet maximum vertical difference, without any oil traps. 
 
All Y-fittings, headers, T-fittings and portions of the refrigerant piping that split re-
frigerant flow shall be sized and provided by the equipment manufacturer.  Field 
fabrication of these components by the contractor shall not be acceptable. 
 
A refrigerant piping diagram showing each condensing unit system, line lengths, 
model numbers for manufacturer supplied fittings shall be computer generated by 
the manufacturer or manufacturer’s representative using the manufacturer’s se-
lection and sizing software program.  These diagrams shall be included in the 
equipment submittal for review by the engineer. 
 

3.3 DESIGN BASIS 

The HVAC equipment basis of design is Daikin AC.  All bidders shall furnish the 
minimum system standards as defined by the base bid model numbers, model 
families or as otherwise specified herein.  In any event, the contractor shall be 
responsible for all specified items and intents of this document without further 
compensation. 

 
 

PART 4 – PRODUCTS 

 

4.1  OUTDOOR UNIT 

A. General:  The outdoor unit is designed specifically for use with the 
manufacturer’s indoor fan coil unit series components. 
1. The outdoor unit shall be factory assembled and pre-wired with all 

necessary electronic and refrigerant controls.  The refrigeration cir-
cuit of the condensing unit shall consist of scroll compressors, mo-
tors, fans, condenser coil, electronic expansion valves, solenoid 
valves, 4-way valve, distribution headers, and capillaries, filters, 
shut off valves, oil separators, service ports and refrigerant regula-
tor. 
High/low pressure gas line, liquid and suction lines must be individ-
ually insulated between the outdoor and indoor units. 

2. The outdoor unit can be wired and piped with outdoor unit access 
from the left, right, rear or bottom. 

3. The connection ratio of indoor units to outdoor unit shall be permit-
ted up to that scheduled. 
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4. Each outdoor system shall be able to support the connection of up 
to 41 indoor unit’s dependant on the model of the outdoor unit. 

5. The sound pressure level standard shall be that value as listed in 
the equipment schedule.  The outdoor unit shall be capable of op-
erating automatically at further reduced noise during night time. 

6. The system will automatically restart operation after a power failure 
and will not cause any settings to be lost, thus eliminating the need 
for reprogramming. 

7. The unit shall incorporate an auto-charging feature and a refriger-
ant charge check function.  If units without an auto-charge function 
are used, a factory service representative must be present at 
startup to weigh in the refrigerant charge (no exceptions).  The ser-
vice person must be a paid employee of the manufacturer, a factory 
trained 3rd party is not acceptable.  

8. The outdoor unit shall be modular in design and should allow for 
side-by-side installation with minimum spacing.  

9. The following safety devices shall be included on the condensing 
unit; high pressure switch, control circuit fuses, crankcase heaters, 
fusible plug, high pressure switch, overload relay, inverter overload 
protector, thermal protectors for compressor and fan motors, over 
current protection for the inverter and anti-recycling timers. 

10. To ensure the liquid refrigerant does not flash when supplying to 
the various fan coil units, the circuit shall be provided with a sub-
cooling feature. 

11. Oil recovery cycle shall be automatic occurring 2 hours after start of 
operation and then every 8 hours of operation. 

12. The outdoor unit shall be capable of heating operation at 0°F dry 
bulb ambient temperature without additional low ambient controls. 

13. The system shall continue to provide heat to the indoor units in 
heating operation while in the defrost mode. 

B. Unit Cabinet: 
1. The outdoor unit shall be completely weatherproof and corrosion 

resistant.  The unit shall be constructed from rust-proofed mild steel 
panels coated with a baked enamel finish. 

C. Fan: 
1. The condensing unit shall consist of one or more propeller type, di-

rect-drive 350 and 750 W fan motors that have multiple speed op-
eration via a DC (digitally commutating) inverter. 

 
2. The condensing unit fan motor shall have multiple speed operation 

of the DC (digitally commutating) inverter type, and be of high ex-
ternal static pressure and shall be factory set as standard at 0.12 
in. WG.  A field setting switch to a maximum 0.32 in. WG pressure 
is available to accommodate field applied duct for indoor mounting 
of condensing units.  
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3. The fan shall be a vertical discharge configuration. 
4. Nominal sound pressure levels shall be as shown below. 
5. The fan motor shall have inherent protection and permanently lubri-

cated bearings and be mounted. 
6. The fan motor shall be provided with a fan guard to prevent contact 

with moving parts. 
7. Night setback control of the fan motor for low noise operation by 

way of automatically limiting the maximum speed shall be a stand-
ard feature.  Operation sound level shall be selectable from 3 steps 
as shown below. 

 

Operation Sound (dB) Night Mode 
Sound Pressure Level (dB) 

Step 1 max. 55 

Step 2 max. 50 

Step 3 max. 45 

 
D. Condenser Coil: 

1. The condenser coil shall be manufactured from copper tubes ex-
panded into aluminum fins to form a mechanical bond. 

2. The heat exchanger coil shall be of a waffle louver fin and rifled 
bore tube design to ensure high efficiency performance. 

3. The heat exchanger on the condensing units shall be manufactured 
from Hi-X seamless copper tube with N-shape internal grooves me-
chanically bonded on to aluminum fins to an e-Pass Design. 

4. The fins are to be covered with an anti- corrosion acrylic resin and 
hydrophilic film type E1. 

5. The pipe plates shall be treated with powdered polyester resin for 
corrosion prevention.  The thickness of the coating must be be-
tween 2.0 to 3.0 microns. 

E. Compressor: 
1. The Daikin inverter scroll compressors shall be variable speed 

(PAM inverter) controlled which is capable of changing the speed to 
follow the variations in total cooling and heating load as determined 
by the suction gas pressure as measured in the condensing unit.  In 
addition, samplings of evaporator and condenser temperatures 
shall be made so that the high/low pressures detected are read 
every 20 seconds and calculated.  With each reading, the com-
pressor capacity (INV frequency or STD ON/OFF) shall be con-
trolled to eliminate deviation from target value. 

2. The inverter driven compressor in each condensing unit shall be of 
highly efficient reluctance DC (digitally commutating), hermetically 
sealed scroll “G-type” with a maximum speed of 6,480 rpm. 

3. Neodymium magnets shall be adopted in the rotor construction to 
yield a higher torque and efficiency in the compressor instead of the 
normal ferrite magnet type.  At complete stop of the compressor, 
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the neodymium magnets will position the rotor into the optimum po-
sition for a low torque start. 

4. The capacity control range shall be as low as 6% to 100%. 
5. Each non-inverter compressor shall also be of the hermetically 

sealed scroll type. 
6. Each compressor shall be equipped with a crankcase heater, high 

pressure safety switch, and internal thermal overload protector. 
7. Oil separators shall be standard with the equipment together with 

an intelligent oil management system. 
8. The compressor shall be spring mounted to avoid the transmission 

of vibration. 
9. Units sized 8-10 ton shall contain a minimum of 2 compressors, 12-

20 ton units shall contain a minimum of 4 compressors.  In the 
event of compressor failure the remaining compressors shall con-
tinue to operate and provide heating or cooling as required at a 
proportionally reduced capacity.  The microprocessor and associat-
ed controls shall be designed to specifically address this condition 
and generate an alarm to the fan coil unit controllers, centralized 
touch screen and central automation system. 

         
10. In the case of multiple condenser modules, conjoined operation 

hours of the compressors shall be balanced by means of the Duty 
Cycling Function, ensuring sequential starting of each module at 
each start/stop cycle, completion of oil return, completion of defrost 
or every 8 hours. 

F.  Electrical: 
1. The power supply to the outdoor unit shall be 460 volts, 3 phase, 

60 hertz +/- 10%. 
2. The control voltage between the indoor and outdoor unit shall be 

16VDC non-shielded, stranded 2 conductor cable.  A separate con-
trol voltage power supply shall not be required.  The control power 
voltage shall be factory provided from the indoor/outdoor unit’s 
main incoming power. 

3. The control wiring shall be a two-wire multiplex transmission sys-
tem, making it possible to connect multiple indoor units to one out-
door unit with one 2-cable wire, thus simplifying the wiring opera-
tion.  Manufacturer shall provide control wiring diagram with equip-
ment submittals. 
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4. The control wiring lengths shall be as shown below. 
 

  
Outdoor to In-

door Unit 

Outdoor to 
Central Con-

troller 

Indoor Unit to 
Remote Con-

trol 

Control Wiring 
Length 

6,665 ft 3,330 ft 1,665 ft 

Wire Type 
16 WG, 2 wire, non-polarity, non-shielded, 

stranded 

 
 

4.2  BRANCH SELECTOR BOX FOR HEAT RECOVERY SYSTEMS 

A. General:  The branch selector boxes shall be designed specifically for 
use with the manufacturer’s heat recovery system components. 
1. These selector boxes shall be factory assembled, wired, and piped. 
2. These branch controllers must be run tested at the factory. 
3. These selector boxes must be mounted indoors. 
4. When simultaneously heating and cooling, the units in heating 

mode shall energize their subcooling solenoid valve.  
5. The number of connectable indoor units shall be in accordance with 

the manufacturer’s cataloged data. 
 

B. Unit Cabinet: 
1. These units shall have a galvanized steel plate casing. 
2. Each cabinet shall house multiple refrigeration control valves and a 

liquid gas separator. 
3. The cabinet shall contain a tube in tube heat exchanger. 
4. The unit shall have sound absorption thermal insulation material 

made of flame and heat resistant foamed polyethylene. 
5. Nominal sound pressure levels shall be as shown below. 
 

Model Number Sound Level dB(A) 
Operating 

Sound Level dB(A) 
Stopping 

BSVQ36PVJU 42 32 

BSVQ60PVJU 43 32 

 
C. Dimensions: 

1. Each Branch Selector unit shall be no larger than 8-3/16” x 15-5/16” x 12-
7/8”.  Larger units may not fit in space designated in the plans.  Alternate 
manufacturers shall obtain prior written approval from both engineer and ar-
chitect at least 7 days prior to bid if these dimensions can not be met. 

D. Refrigerant Valves: 
1. The unit shall be furnished with 5 electronic expansion valves to 

control the direction of refrigerant flow. 
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2. The refrigerant connections must be of the braze type. 
3. Multiple circuits may be connected to a branch selector box with the 

use of a REFNET™ joint provided they are within the capacity range 
of the branch selector. 

E. Drainage: 
1. The unit shall not require any condensate drainage connection.  If 

an alternate manufacturer is used, the contractor shall be fully re-
sponsible for the condensate drainage requirements.  The pro-
posed additional piping shall be submitted to the engineer for re-
view. 

F. Electrical: 
1. The unit electrical power shall be 208/230 volts, 1 phase, 60 hertz. 
2. The unit shall be capable of operation within the limits of 187 volts 

to 255 volts. 
3. The minimum circuit amps (MCA) shall be 0.1 and the maximum 

fuse amps (MFA) shall be 15.  
4. The control voltage between the indoor and outdoor unit shall be 16VDC 

non-shielded 2 conductor cable. 
 

4.3       ROUND FLOW CEILING CASSETTE UNIT (3’x3’) 

A. General:  Daikin indoor unit model FXFQ shall be a round flow ceiling 
cassette fan coil unit, operable with R-410A refrigerant, equipped with 
an electronic expansion valve, for installation into the ceiling cavity 
equipped with an air panel grill.  It shall be a round flow air distribution 
type, fresh white, impact resistant with a washable decoration panel.  
The supply air is distributed via motorized louvers which can be hori-
zontally and vertically adjusted from 0° to 90°.  Computerized PID con-
trol shall be used to control superheat to deliver a comfortable room 
temperature condition.  The unit shall be equipped with a programmed 
drying mechanism that dehumidifies while limiting changes in room 
temperature when used with Daikin remote control 

B. Performance: See schedule for rated capacities: 
 

C. Indoor Unit: 
1. The VRV indoor unit shall be completely factory assembled and 

tested.  Included in the unit is factory wiring, piping, electronic pro-
portional expansion valve, control circuit board, fan motor thermal 
protector, flare connections, condensate drain pan, condensate 
drain pump, condensate safety shutoff and alarm, self-diagnostics, 
auto-restart function, 3-minute fused time delay, and test run 
switch. 

2. Indoor unit and refrigerant pipes will be charged with dehydrated air 
prior to shipment from the factory. 

3. Both refrigerant lines shall be insulated from the outdoor unit. 
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4. The round flow supply air flow can be field modified to 23 different 
airflow patterns to accommodate various installation configurations 
including corner installations. 

5. Return air shall be through the concentric panel, which includes a 
resin net, mold resistant, antibacterial filter.  (See schedule notes 
for optional filters) 

6. The indoor units shall be equipped with a condensate pan with an-
tibacterial treatment and condensate pump. The condensate pump 
provides up to 33-1/2” of lift and has a built in safety shutoff and 
alarm. 

7. The indoor units shall be equipped with a return air thermistor. 
D. Unit Cabinet: 

1. The cabinet shall be space saving and shall be located into the ceil-
ing. 

2. Three auto-swing positions shall be available to choose, which in-
clude standard, draft prevention and ceiling stain prevention. 

3. The airflow of the unit shall have the ability to shut down outlets 
with multiple patterns allowing for simpler installation in irregular 
spaces. 

4. Fresh air intake shall be possible by way of optional fresh air intake 
kit. 

5. A branch duct knockout shall exist for branch ducting of supply air. 
6. The cabinet shall be constructed with sound absorbing foamed pol-

ystyrene and polyethylene insulation. 
E. Fan: 

1. The fan shall be direct-drive turbo fan type with statically and dy-
namically balanced impeller with three fan speeds available.  

2. The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz 
with a motor output range from 0.08 to 0.16 HP. 

3. The airflow rate shall be available in three settings. 
4. The fan motor shall be equipped as standard with adjustable exter-

nal static pressure (ESP) settings to allow operation with higher 
MERV filter options. 

5. The fan motor shall be thermally protected. 
F. Coil: 

1. Coils shall be of the direct expansion type constructed from copper 
tubes expanded into aluminum fins to form a mechanical bond. 

2. The coil shall be of a waffle louver fin and high heat exchange, ri-
fled bore tube design to ensure highly efficient performance. 

3. The refrigerant connections shall be flare connections and the con-
densate will be 1 -1/4 inch outside diameter PVC. 

4. A condensate pan with antibacterial treatment shall be located un-
der the coil. 

5. A condensate pump with a 33-1/2 inch lift shall be located below 
the coil in the condensate pan with a built in safety alarm. 
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6. A factory installed thermistor will be located on the liquid and gas 
line. 

G. Electrical: 
1. A separate power supply will be required of 208/230 volts, 1 phase, 

60 hertz. The acceptable voltage range shall be 187 to 253 volts. 
2. Transmission (control) wiring between the indoor and outdoor unit 

shall be a maximum of 3,280 feet (total 6,560 feet). 
3. Transmission (control) wiring between the indoor unit and remote 

controller shall be a maximum distance of 1,640 feet. 
 

4.4  4 WAY CEILING CASSETTE UNIT (2’x2’) 

A. General:  Indoor unit shall be a ceiling cassette fan coil unit, operable 
with R-410A refrigerant, equipped with an electronic expansion valve, 
for installation into the ceiling cavity equipped with an air panel grill.  It 
shall be a four-way air distribution type, white (RAL9010), impact re-
sistant with a washable decoration panel. The supply air is distributed 
via motorized louvers which can be horizontally and vertically adjusted 
from 0° to 90°.  Computerized PID control shall be used to control su-
perheat to deliver a comfortable room temperature condition.  The unit 
shall be equipped with a programmed drying mechanism that dehumid-
ifies while limiting changes in room temperature when used with re-
mote control.   

B. Performance: See schedule for rated capacities. 
 

C. Indoor Unit: 
1. The VRV indoor unit FXZQ shall be completely factory assembled 

and tested. Included in the unit is factory wiring, piping, electronic 
proportional expansion valve, control circuit board, fan motor ther-
mal protector, flare connections, condensate drain pan, condensate 
drain pump, condensate safety shutoff and alarm, self-diagnostics, 
auto-restart function, 3-minute fused time delay, and test run 
switch. 

2. Indoor unit and refrigerant pipes will be charged with dehydrated air 
prior to shipment from the factory. 

3. Both refrigerant lines shall be insulated from the outdoor unit. 
4. The 4-way supply air flow can be field modified to 3-way and 2-way 

airflow to accommodate various installation configurations including 
corner installations. 

5. Return air shall be through the concentric panel, which includes a 
resin net mold resistant filter. 

6. The indoor units shall be equipped with a condensate pan and con-
densate pump. The condensate pump provides up to 21” of lift and 
has a built in safety shutoff and alarm. 

7. The indoor units shall be equipped with a return air thermistor. 
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8. All electrical components are reached through the decoration panel, 
which reduces the required side service access. 

9. The indoor unit will be separately powered with 208~230V/1-
phase/60Hz.  

10. The voltage range will be 253 volts maximum and 187 volts mini-
mum. 

D. Unit Cabinet: 
1. The cabinet shall be space saving and shall be located into the ceil-

ing. 
2. Three auto-swing positions shall be available to choose, which in-

clude standard, draft prevention and ceiling stain prevention. 
3. The airflow of the unit shall have the ability to shut down one or two 

sides allowing for simpler corner installation. 
4. Fresh air intake shall be possible by way of direct duct installation 

to the side of the indoor unit cabinet. 
5. A branch duct knockout shall exist for branch ducting supply air. 
6. The cabinet shall be constructed with sound absorbing foamed pol-

ystyrene and polyethylene insulation. 
E. Fan: 

1. The fan shall be direct-drive turbo fan type with statically and dy-
namically balanced impeller with high and low fan speeds available.  

2. The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz 
with a motor output range from 0.06 to 0.12 HP. 

3. The airflow rate shall be available in high and low settings. 
4. The fan motor shall be thermally protected. 

F. Coil: 
1. Coils shall be of the direct expansion type constructed from copper 

tubes expanded into aluminum fins to form a mechanical bond. 
2. The coil shall be of a waffle louver fin and high heat exchange, ri-

fled bore tube design to ensure highly efficient performance. 
3. The refrigerant connections shall be flare connections and the con-

densate will be 1 -1/32 inch outside diameter PVC. 
4. A condensate pan shall be located under the coil. 
5. A condensate pump with a 21 inch lift shall be located below the 

coil in the condensate pan with a built in safety alarm. 
6. A factory thermistor will be located on the liquid and gas line. 

G. Electrical: 
1. A separate power supply will be required of 208/230 volts, 1 phase, 

60 hertz. The acceptable voltage range shall be 187 to 253 volts. 
 
 

4.5  CONCEALED CEILING DUCTED UNIT (High Capacity) 

A. General:  Indoor unit shall be a built-in ceiling concealed fan coil unit, 
operable with refrigerant R-410A, equipped with an electronic expan-
sion valve, for installation into the ceiling cavity.  It is constructed of a 
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galvanized steel casing. It shall be a horizontal discharge air with hori-
zontal return air configuration.  All models feature a low height cabinet 
making them applicable to ceiling pockets that tend to be shallow.  
Computerized PID control shall be used to control superheat to deliver 
a comfortable room temperature condition.  The unit shall be equipped 
with a programmed drying mechanism that dehumidifies while limiting 
changes in room temperature when used with VRV remote controller.   

B. Performance: See schedule for capacity ratings. 
C. Indoor Unit: 

1. The VRV indoor unit shall be completely factory assembled and 
tested.  Included in the unit is factory wiring, piping, electronic pro-
portional expansion valve, control circuit board, fan motor thermal 
protector, flare connections, self-diagnostics, auto-restart function, 
3-minute fused time delay, and test run switch. The unit shall have 
an adjustable external static pressure switch. 

2. Indoor unit and refrigerant pipes will be charged with dehydrated air 
prior to shipment from the factory. 

3. Both refrigerant lines shall be insulated from the outdoor unit. 
4. The indoor units shall be equipped with a return air thermistor. 

D. Unit Cabinet: 
1. The cabinet shall be located into the ceiling and ducted to the sup-

ply and return openings. 
2. The cabinet shall be constructed with sound absorbing foamed pol-

ystyrene and polyethylene insulation. 
E. Fan: 

1. The fan shall be direct-drive Sirocco type fan, statically and dynam-
ically balanced impeller with high and low fan speeds available.  

2. The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz, 
with a motor output of 0.51 HP. 

3. The airflow rate shall be available in high and low settings. 
4. The fan motor shall be thermally protected. 
5. The fan motor shall be equipped as standard with adjustable exter-

nal static pressure (ESP) settings. 
 

F. Coil: 
1. Coils shall be of the direct expansion type constructed from copper 

tubes expanded into aluminum fins to form a mechanical bond. 
2. The coil shall be of a waffle louver fin and high heat exchange, ri-

fled bore tube design to ensure highly efficient performance. 
3. The coil shall be a 3 row cross fin copper evaporator coil with 13 fpi 

design completely factory tested. 
4. The refrigerant connections shall be flare connections and the con-

densate will be 1-5/16 inch outside diameter PVC. 
5. A thermistor will be located on the liquid and gas line. 

 



VARIABLE REFRIGERANT VOLUME WHCRWA 

MULTIPLE EVAPORATOR DX SYSTEMS CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION  
VARIABLE REFRIGERANT VOLUME MULTIPLE EVAPORATOR DX SYSTEMS 

23 81 27 - 14 of 24 

 

 
G. Electrical: 

1. A separate power supply will be required of 208/230 volts, 1 phase, 
60 hertz. The acceptable voltage range shall be 187 to 253 volts. 

 

4.6  CONCEALED HORIZONTAL DUCTED UNIT  

A. General:  VRV indoor unit shall be a built-in ceiling concealed fan coil 
unit, operable with refrigerant R-410A, equipped with an electronic ex-
pansion valve, direct-drive DC (ECM) type fan with auto CFM adjust-
ment at commissioning, for installation into the ceiling cavity.  It is con-
structed of a galvanized steel casing.  It shall be a horizontal discharge 
air with horizontal return air configuration.  All models feature a low 
height cabinet making them applicable to ceiling pockets that tend to 
be shallow.  Computerized PID control shall be used to control super-
heat to deliver a comfortable room temperature condition.  The unit 
shall be equipped with a programmed drying mechanism that dehumid-
ifies while limiting changes in room temperature when used with VRV 
remote controller.  Included as standard equipment, a condensate 
drain pan and drain pump kit that pumps to 18-3/8” from the drain pipe 
opening.   

B. Performance: See Schedule for capacity ratings. 
C. Indoor Unit: 

1. The VRV indoor unit shall be completely factory assembled and 
tested.  Included in the unit is factory wiring, piping, electronic pro-
portional expansion valve, control circuit board, fan motor thermal 
protector, flare connections, condensate drain pan, condensate 
drain pump, condensate safety shutoff and alarm, self-diagnostics, 
auto-restart function, 3-minute fused time delay, and test run 
switch. The unit shall be equipment with automatically adjusting ex-
ternal static pressure logic that is selectable during commissioning. 
This adjusts the airflow based on the installed external static pres-
sure. 

2. Indoor unit and refrigerant pipes will be charged with dehydrated air 
prior to shipment from the factory. 

3. Both refrigerant lines shall be insulated from the outdoor unit. 
4. The indoor units shall be equipped with a condensate pan and con-

densate pump.  The condensate pump provides up to 18-3/8” of lift 
from the center of the drain outlet and has a built in safety shutoff 
and alarm. 

5. The indoor units shall be equipped with a return air thermistor. 
6. The indoor unit will be separately powered with 208~230V/1-

phase/60Hz.  
7. The voltage range will be 253 volts maximum and 187 volts mini-

mum. 
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D. Unit Cabinet: 
1. The cabinet shall be located into the ceiling and ducted to the sup-

ply and return openings. 
2. The cabinet shall be constructed with sound absorbing foamed pol-

ystyrene and polyethylene insulation. 
E. Fan: 

1. The fan shall be direct-drive DC (ECM) type fan, statically and dy-
namically balanced impeller with three fan speeds available.  

2. The unit shall be equipment with automatically adjusting external 
static pressure logic selectable during commissioning. 

3. The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz 
with a motor output range of 0.12 to 0.47 HP respectively. 

4. The airflow rate shall be available in three settings. 
5. The fan motor shall be thermally protected. 
6. The fan motor shall be equipped as standard with adjustable exter-

nal static pressure (ESP) settings. 
 

F. Coil: 
1. Coils shall be of the direct expansion type constructed from copper 

tubes expanded into aluminum fins to form a mechanical bond. 
2. The coil shall be of a waffle louver fin and high heat exchange, ri-

fled bore tube design to ensure highly efficient performance. 
3. The coil shall be a 3 row cross fin copper evaporator coil with 13 fpi 

design completely factory tested. 
4. The refrigerant connections shall be flare connections and the con-

densate will be 1-1/4” outside diameter PVC. 
5. A condensate pan shall be located under the coil. 
6. A condensate pump with an 18-3/8” lift shall be located below the 

coil in the condensate pan with a built in safety alarm. 
7. A thermistor will be located on the liquid and gas line. 

 

4.7  CEILING SUSPENDED CASSETTE UNIT 

A. General:  VRV indoor unit shall be a ceiling suspended fan coil unit, 
operable with refrigerant R-410A, equipped with an electronic expan-
sion valve, for installation onto a wall or ceiling within a conditioned 
space.  Computerized PID control shall be used to control superheat to 
deliver a comfortable room temperature condition.  The unit shall be 
equipped with a programmed drying mechanism that dehumidifies 
while limiting changes in room temperature when used with VRV re-
mote control.  A mildew-proof, polystyrene condensate drain pan and 
resin net mold resistant filter shall be included as standard equipment.   

B. Performance: See Schedule. 
C. Indoor Unit: 
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1. The VRV indoor unit shall be completely factory assembled and 
tested. Included in the unit is factory wiring, piping, electronic pro-
portional expansion valve, control circuit board, fan motor thermal 
protector, flare connections, condensate drain pan, self-diagnostics, 
auto-restart function, 3-minute fused time delay, and test run 
switch. The unit shall have an auto-swing louver which ensures ef-
ficient air distribution, which closes automatically when the unit 
stops. The remote controller shall be able to set five (5) steps of 
discharge angle.  The front grille shall be easily removed for wash-
ing. The discharge angle shall automatically set at the same angle 
as the previous operation upon restart.  The drain pipe can be fitted 
to from the rear, top or left and right sides of the unit. 

2. Indoor unit and refrigerant pipes will be charged with dehydrated air 
prior to shipment from the factory. 

3. Both refrigerant lines shall be insulated from the outdoor unit. 
4. Return air shall be through a resin net mold resistant filter. 
5. The indoor units shall be equipped with a condensate pan. 
6. The indoor units shall be equipped with a return air thermistor. 

D. Unit Cabinet: 
1. The cabinet shall be affixed to a factory supplied wall/ceiling hang-

ing brackets and located in the conditioned space. 
2. The cabinet shall be constructed with sound absorbing foamed pol-

ystyrene and polyethylene insulation. 
E. Fan: 

1. The fan shall be a direct-drive cross-flow fan, statically and dynami-
cally balanced impeller with high and low fan speeds available.  

2. The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz 
with a motor output range 62W to 130W. 

3. The airflow rate shall be available in high and low settings. 
4. The fan motor shall be thermally protected. 

F. Coil: 
1. Coils shall be of the direct expansion type constructed from copper 

tubes expanded into aluminum fins to form a mechanical bond. 
2. The coil shall be of a waffle louver fin and high heat exchange, ri-

fled bore tube design to ensure highly efficient performance. 
3. The refrigerant connections shall be flare connections and the con-

densate will be 1 inch outside diameter PVC. 
4. A thermistor will be located on the liquid and gas line. 
5. A condensate pan shall be located in the unit. 

G. Electrical: 
1. A separate power supply will be required of 208/230 volts, 1 phase, 

60 hertz.  The acceptable voltage range shall be 187 to 253 volts. 
 

4.8  WALL MOUNTED UNIT 
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A. General:  VRV indoor unit shall be a wall mounted fan coil unit, opera-
ble with refrigerant R-410A, equipped with an electronic expansion 
valve, for installation onto a wall within a conditioned space.  Comput-
erized PID control shall be used to control superheat to deliver a com-
fortable room temperature condition.  The unit shall be equipped with a 
programmed drying mechanism that dehumidifies while limiting chang-
es in room temperature when used with VRV remote controller.  A mil-
dew-proof, polystyrene condensate drain pan and resin net mold re-
sistant filter shall be included as standard equipment.  The indoor units 
sound pressure shall range from 31 dB(A) to 41 dB(A) at low speed 
measured at 3.3 feet below and from the unit.  

B. Performance: See Schedule. 
C. Indoor Unit: 

1. The wall mounted indoor unit shall be completely factory assem-
bled and tested. Included in the unit is factory wiring, piping, elec-
tronic proportional expansion valve, control circuit board, fan motor 
thermal protector, flare connections, condensate drain pan, self-
diagnostics, auto-restart function, 3-minute fused time delay, and 
test run switch. The unit shall have an auto-swing louver which en-
sures efficient air distribution, which closes automatically when the 
unit stops. The remote controller shall be able to set five (5) steps 
of discharge angle.  The front grille shall be easily removed for 
washing. The discharge angle shall automatically set at the same 
angle as the previous operation upon restart.  The drain pipe can 
be fitted to from either left or right sides. 

2. Indoor unit and refrigerant pipes will be charged with dehydrated air 
prior to shipment from the factory. 

3. Both refrigerant lines shall be insulated from the outdoor unit. 
4. Return air shall be through a resin net mold resistant filter. 
5. The indoor units shall be equipped with a condensate pan. 
6. The indoor units shall be equipped with a return air thermistor. 

D. Unit Cabinet: 
1. The cabinet shall be affixed to a factory supplied wall mounting 

template and located in the conditioned space. 
2. The cabinet shall be constructed with sound absorbing foamed pol-

ystyrene and polyethylene insulation. 
E. Fan: 

1. The fan shall be a direct-drive cross-flow fan, statically and dynami-
cally balanced impeller with high and low fan speeds available.  

2. The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz 
with a motor output range 0.054 to 0.058 HP. 

3. The airflow rate shall be available in high and low settings. 
4. The fan motor shall be thermally protected. 

F. Coil: 



VARIABLE REFRIGERANT VOLUME WHCRWA 

MULTIPLE EVAPORATOR DX SYSTEMS CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION  
VARIABLE REFRIGERANT VOLUME MULTIPLE EVAPORATOR DX SYSTEMS 

23 81 27 - 18 of 24 

 

1. Coils shall be of the direct expansion type constructed from copper 
tubes expanded into aluminum fins to form a mechanical bond. 

2. The coil shall be of a waffle louver fin and high heat exchange, ri-
fled bore tube design to ensure highly efficient performance. 

3. The refrigerant connections shall be flare connections and the con-
densate will be 11/16 inch outside diameter PVC. 

4. A thermistor will be located on the liquid and gas line. 
5. A condensate pan shall be located in the unit. 

G. Electrical: 
1. A separate power supply will be required of 208/230 volts, 1 phase, 

60 hertz. The acceptable voltage range shall be 187 to 253 volts. 

 

4.9   100% OUTSIDE AIR PROCESSING UNIT 

A. General:  VRV indoor unit shall be a built-in ceiling concealed fan coil 
unit, operable with refrigerant R-410A, equipped with an electronic ex-
pansion valve, for installation into the ceiling cavity.  The unit shall be 
capable of introducing up to 100% outside air controlled to a fixed dis-
charge air temperature.  It is constructed of a galvanized steel casing.  
It shall be a horizontal discharge air with horizontal return air configura-
tion.  All models feature a low height cabinet making them applicable to 
ceiling pockets that tend to be shallow.  Computerized PID control shall 
be used to control superheat to deliver a comfortable room tempera-
ture condition 
 

B. Performance: See schedule for capacity. 
 

C. Indoor Unit: 
1. The 100% OA indoor unit shall be completely factory assembled 

and tested.  Included in the unit is factory wiring, piping, electronic 
proportional expansion valve, control circuit board, fan motor ther-
mal protector, flare connections, self-diagnostics, auto-restart func-
tion, 3-minute fused time delay and test run switch.  

2. Indoor unit and refrigerant pipes will be charged with dehydrated air 
prior to shipment from the factory. 

D. Unit Cabinet: 
1. The cabinet shall be located into the ceiling and ducted to the sup-

ply and return openings. 
2. The cabinet shall be constructed with sound absorbing foamed pol-

ystyrene and polyethylene insulation. 
E. Fan: 

1. The fan shall be direct-drive Sirocco type fan, statically and dynam-
ically balanced impeller with high and low fan speeds available.  

2. The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz, 
with a motor output of 0.51 HP. 



  

WHCWRA 
CENTRAL PUMP STATION 

VARIABLE REFRIGERANT VOLUME  
MULTIPLE EVAPORATOR DX SYSTEMS 

 

WHCRWA CENTRAL PUMP STATION  
VARIABLE REFRIGERANT VOLUME MULTIPLE EVAPORATOR DX SYSTEMS 

23 81 27 - 19 of 24 

 

3. The fan motor shall be thermally protected. 
 

F. Coil: 
1. Coils shall be of the direct expansion type constructed from copper 

tubes expanded into aluminum fins to form a mechanical bond. 
2. The coil shall be of a waffle louver fin and high heat exchange, ri-

fled bore tube design to ensure highly efficient performance. 
3. The refrigerant connections shall be flare connections and the con-

densate will be 1-5/16 inch outside diameter PVC. 
4. A thermistor will be located on the liquid and gas line. 

G. Electrical: 
1. A separate power supply will be required of 208/230 volts, 1 phase, 

60 hertz. The acceptable voltage range shall be 187 to 253 volts. 

 

4.10 SLIM DUCT CONCEALED CEILING UNIT 

A. General:  VRV indoor unit shall be a Slim, built-in ceiling concealed fan 
coil unit, operable with R-410A refrigerant, equipped with an electronic 
expansion valve, for installation into the ceiling cavity.  It shall be a hor-
izontal discharge air with horizontal return air or bottom return air con-
figuration. All models feature a very low height (7-7/8") making them 
applicable to ceiling pockets that tend to be shallow.  Computerized 
PID control shall be used to control superheat to deliver a comfortable 
room temperature condition.  The unit shall be equipped with a pro-
grammed drying mechanism that dehumidifies while limiting changes 
in room temperature when used with the VRV remote control.  Included 
as standard equipment, a long-life filter that is mold resistant and a 
condensate drain pan and drain pump kit that pumps to 23-5/8" from 
the drain pipe opening.   

B. Performance: See Schedule 
 

C. Indoor Unit: 
1. The indoor unit shall be completely factory assembled and tested. 

Included in the unit is factory wiring, piping, electronic proportional 
expansion valve, control circuit board, fan motor thermal protector, 
flare connections, condensate drain pan, condensate drain pump, 
condensate safety shutoff and alarm, self-diagnostics, auto-restart 
function, 3-minute fused time delay, and test run switch. The unit 
shall have adjustable external static pressure capabilities. 

2. Indoor unit and refrigerant pipes will be charged with dehydrated air 
prior to shipment from the factory. 

3. Both refrigerant lines shall be insulated from the outdoor unit. 
4. The indoor units shall be equipped with a condensate pan and con-

densate pump. The condensate pump provides up to 23-5/8” of lift 



VARIABLE REFRIGERANT VOLUME WHCRWA 

MULTIPLE EVAPORATOR DX SYSTEMS CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION  
VARIABLE REFRIGERANT VOLUME MULTIPLE EVAPORATOR DX SYSTEMS 

23 81 27 - 20 of 24 

 

from the center of the drain outlet and has a built in safety shutoff 
and alarm. 

5. The indoor units shall be equipped with a return air thermistor. 
 

D. Unit Cabinet: 
1. The cabinet shall be located into the ceiling and ducted to the sup-

ply and return openings. 
2. The cabinet shall be constructed with sound absorbing foamed pol-

ystyrene and polyethylene insulation. 
E. Fan: 

1. The fan shall be direct-drive Sirocco type fan, statically and dynam-
ically balanced impeller with high and low fan speeds available.  

2. The fan motor shall operate on 208/230 volts, 1 phase, 60 hertz 
with a motor output range from 62W to 130W. 

3. The airflow rate shall be available in high and low settings. 
4. The fan motor shall be thermally protected. 
5. The fan motor shall be equipped as standard with adjustable exter-

nal static pressure (ESP) settings. 
 

F. Coil: 
1. Coils shall be of the direct expansion type constructed from copper 

tubes expanded into aluminum fins to form a mechanical bond. 
2. The coil shall be of a waffle louver fin and high heat exchange, ri-

fled bore tube design to ensure highly efficient performance. 
3. The coil shall be a 2 or 3-row cross fin copper evaporator coil with 

14 FPI design completely factory tested. 
4. The refrigerant connections shall be flare connections and the con-

densate will be 1-1/32” outside diameter PVC. 
5. A condensate pan shall be located under the coil. 
6. A condensate pump with a 23-5/8” lift shall be located below the 

coil in the condensate pan with a built in safety alarm. 
7. A thermistor will be located on the liquid and gas line. 

G. Electrical: 
1. A separate power supply will be required of 208/230 volts, 1 phase, 

60 hertz. The acceptable voltage range shall be 187 to 253 volts. 
 

4.1 CONTROLS – 

Individual wall mounted controllers & component wiring. 
1. Each VRV fan coil unit shall be wired with 18 gauge 2-conducter, stranded, 

non-shielded cable to the control board on it’s associated Branch Selector 
Box (BS box).  Where multiple fan coil units share a branch selector box, the 
fan coil unit wiring shall make a daisy-chain.  Where fan coil units are provid-
ed without branch selectors, these fan coil units shall be wired in the daisy-
chain of branch selectors to the control board of the VRV condensing unit. 



  

WHCWRA 
CENTRAL PUMP STATION 

VARIABLE REFRIGERANT VOLUME  
MULTIPLE EVAPORATOR DX SYSTEMS 

 

WHCRWA CENTRAL PUMP STATION  
VARIABLE REFRIGERANT VOLUME MULTIPLE EVAPORATOR DX SYSTEMS 

23 81 27 - 21 of 24 

 

2. Each VRV Branch Selector shall be wired in a daisy-chain sequence back to 
the associated condensing unit. 

3. Each fan coil unit shall be supplied with a wall mounted thermostat controller.  
The controller shall be wired to the fan coil unit’s control board using an 18 
gauge 2-conducter, stranded, non-shielded cable.  The controller shall have a 
backlit LCD display and be able to support the following display items and us-
er input operations: 

1. On/Off control 
2. Manual change of mode of operation 
3. Fan speed 
4. Setpoint adjustment 
5. Reading of setpoint temp, actual room temp, fan speed setting, and 

mode of operation on the unit display. 
 

4. The controllers shall be capable of diagnostic use and provide malfunction 
codes to indicate the type of failure that has occurred.   

5. The controllers shall be capable of accepting independent setpoints for cool-
ing and heating operation.  The use of a common setpoint is not allowable 
due to wide swings in space temperature resulting from “dead band” resulting 
from a common setpoint. 

6. The system shall provide automatic change-over from heating to cooling 
mode of operation.  If, in heating mode, the space temperature rises 1 degree 
above the cooling setpoint, the system shall change from heating to cooling 
mode.  If, in cooling mode, the space falls 1 degree below the heating set-
point, the system shall change from cooling to heating mode.  Auto-change-
over is required for all systems (heat pump and heat recovery).  If not availa-
ble in heat pump system, then the manufacturer must provide heat recovery 
to meet this requirement. 

7. Adjustable setback temperature – The controllers shall allow for independent 
and adjustable setback temperature at each unit.  The setback temperature 
(adjustable) shall determine the “override” temperature to start the system 
when in setback mode if the temperature rises or falls outside of the specified 
range. 

8. Wall mounted controllers shall also be capable of displaying the return air and 
refrigerant pipe thermistor values for service assistance. 

9. Where VRV systems are specified with electric heaters (external), the wall 
mounted controllers shall directly control the external heater.  The electric 
heat shall be considered the primary heating source unless the central con-
troller is used to provide an alternate control strategy. 

 
 
 

4.12 FACTORY NATIVE CENTRAL CONTROLLER (Primary) 
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1. The VRV manufacturer shall provide a web-enabled factory native central 
controller intended to be the primary central controller for the building. 

2. The central controller shall be connected to the VRV systems via a 2 wire 
daisy-chain of the condensing units.  The VRV condensing unit daisy-chain 
shall be wired to the central controller. 

3. The Central controller will require a 24 VAC power supply. 
4. The Central Controller shall provide the following: 

a. Central control of setpoints, schedules, airflow rates, heat/cool mode 
b. Adjustable control of setback (override) temperature settings during 

unoccupied periods 
c. Adjustable temperature limits to restrict local wall mounted thermostat 

setpoint ranges. 
d. Scheduling of zones and individual units. 
e. Visible and audible alarm indication of any system malfunction with er-

ror code. 
f. Large 10.4” LCD display 
g. External Digital input/output and display of external input values 
h. External Analog input/output and display of external input values 
i. Tiered hierarchy allowing for control of fan coil units independently or 

as a group. 
j. Remote disable of individual functions of the wall mounted controllers.  
k. Incorporation of building floor plan drawings into the navigation inter-

face allowing the user to navigate to the required fan coil units by using 
the floor plan drawings.  Temperature and setpoint values shall be vis-
ible on the plan. 

l. Control sequencing as detailed below. 
 

4.13 CONTROL SEQUENCE 

The VRV System provided for the school will use the VRV Manufacturer’s central 
controller as the primary controller for the building.  In order to facilitate interface 
into the Base central automation system, the VRV manufacturer shall additionally 
provide a gateway interface for communication via BACnet protocol.  The BAS 
company shall map the BACnet objects to the user front end system.  The 3rd 
party control system shall be assumed to monitor only.  All sequences detailed in 
this section are to be implemented by the VRV equipment supplier. 

 

 

4.14 DOAS FAN COIL CONTROL 

The 100% OA fan coil units shall be controlled either by owner defined schedule 
or by demand controlled ventilation.  Each DOAU fan coil shall have a CO2 sen-
sor wired to the central controller.  The CO2 sensor shall be used to stage the 
FCU on and off to maintain the desired ventilation level.  The CO2 sensor shall 
be provided to create an interlock on the operation of the unit.  The supply air 
temperature for the DOAU shall be adjustable at the wall mounted controller. 
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4.15      FAN COIL UNIT CONTROL  

Each room with a VRV fan coil unit shall have a wall mounted controller.  (Rooms 
with multiple ductless units shall use a common wall mounted controller) The 
central controller shall limit the high and low setpoint limits (as determined by the 
owner at commissioning).  The central controller shall overwrite any setpoint that 
is out of the range limit.  These limits shall be adjustable at the VRV central con-
troller or via the web interface into the system.  For purposes of initial program-
ming, the system will be commissioned to limit cooling setpoints between 72-75 
deg F and Heating setpoints between 67-72 deg F.  Each zone shall control to 
the active setpoint temperature on the wall mounted controller.  The schedule of 
operation hours shall be controlled by the central controller. 
 
The fan coil’s mode of operation shall be controlled by the wall mounted control-
ler.  The occupant will have the ability to control the room’s HVAC system to ei-
ther heating, cooling, or auto change over mode.  The fan coil shall have temper-
ature sensors factory mounted on the liquid pipe of the coil (just past the expan-
sion valve) and the refrigerant gas line to measure the temperature of the refrig-
erant leaving the coil.   
 
During cooling operation, the VRV fan coil unit shall modulate the expansion 
valve in order to maintain a target of 9 degrees of superheat at the fan coil’s heat 
exchanger.  The fan speed shall have multiple speeds that are controlled manu-
ally at the wall mounted controller.  Each fan coil shall be configured to shut off 
the fan when the temperature setpoint is satisfied. 
 
During heating operation, the expansion valve will control to a subcooling target 
as the fan coil heat exchanger becomes a condenser coil.  The expansion valve 
will modulate to control to approximately a 9 degree subcooling temperature be-
tween the thermistor on the liquid line of the fan coil and the high pressure equiv-
alent saturation temperature measured at the condensing unit (compressor dis-
charge). 
 
Condensing Unit Control 
The VRV condensing unit will modulate the compressor speed during cooling 
operation to meet the target suction gas temperature at the condensing unit.  The 
target shall vary during operation in the range of 32 – 40 degrees. 
 
During heating operation, the condensing unit’s expansion valve shall modulate 
to maintain a 9 degree superheat at the condensing unit’s heat exchanger (now 
an evaporator coil).  Compressor speed during heat operation shall modulate to 
maintain the target high pressure target (discharge gas temp). 
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4.16 INSTALLATION REQUIREMENTS 

 
The system must be installed by a Daikin factory trained contractor/dealer.  The 
bidders shall be required to submit training certification proof with bid documents.  
The mechanical contractor’s installation price shall be based on the systems in-
stallation requirements.  The mechanical contractor bids with complete 
knowledge of the HVAC system requirements.  Untrained contractors who wish 
to bid this project may contact Direct Expansion Solutions – Joel Hill (832-328-
1010) to arrange training prior to bid day. 

 

4.17 OWNER TRAINING 

 The VRV supplier shall provide the owner’s maintenance department with a min-
imum of 6 hours of classroom and hands-on training on the VRV system includ-
ing the following: 

1. Review and understanding of the fan coil and condensing unit equipment 
components. 

2. Review of manufacturer’s piping and control wiring schematics & architec-
ture 

3. Review of the CU/FCU control and operation sequence of operations and 
review of error code descriptions. 

4. Review of startup procedure, shutdown/restarting procedures, refrigerant 
charging procedures. 

5. Troubleshooting and diagnostic procedures 
6. Disassembly of the fan coil types provided for this project. 
7. Central Controller orientation and configuration including: 

a. Navigation 
b. Setting Schedules 
c. Changing setpoints and control of units 
d. Hierarchy of system setup 

 
END OF SECTION 23 81 27 
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SECTION 23 81 29 

VARIABLE REFRIGERANT FLOW HVAC SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes complete VRF HVAC system(s) including, but not limited to the 
following components to make a complete operating system(s) according to 
requirements indicated: 

1. Indoor, concealed, ceiling-mounted units for ducting. 

2. Outdoor, air-source, heat pump units. 
3. System controls. 
4. System refrigerant and oil. 
5. System condensate drain piping. 
6. System refrigerant piping. 
7. Metal hangers and supports. 
8. Fastener systems. 
9. Miscellaneous support materials. 
10. Piping and tubing insulation. 
11. System control cable and raceways. 

1.2 DEFINITIONS 

A. Air-Conditioning System Operation: System capable of operation with all zones 
in cooling only. 

B. Heat-Pump System Operation: System capable of operation with all zones in 
either heating or cooling, but not with simultaneous heating and cooling zones 
that transfer heat between zones. 

C. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at 
less than 50 V or for remote-control, signaling power-limited circuits. 

D. Plenum: A space forming part of the air distribution system to which one or 
more air ducts are connected. An air duct is a passageway, other than a 
plenum, for transporting air to or from heating, ventilating, or air-conditioning 
equipment. 

E. Three-Pipe System Design: One high pressure refrigerant vapor line, one low 
pressure refrigerant vapor line, and one refrigerant liquid line connect a single 
outdoor unit or multiple manifold outdoor units in a single system to associated 
system HRCUs. One liquid line and refrigerant vapor line connect HRCUs to 
associated indoor units. 
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F. Two-Pipe System Design: One refrigerant vapor line and one refrigerant liquid 
line connect a single outdoor unit or multiple manifold outdoor units in a single 
system to associated system HRCUs. One refrigerant liquid line and refrigerant 
vapor line connect HRCUs to associated indoor units. HRCUs used in two pipe 
systems act as an intermediate heat exchanger and include diverting valves 
and gas/liquid separators to move high and low pressure refrigerant between 
indoor units. 

G. VRF: Variable refrigerant flow. 

1.3 ACTION SUBMITTALS 

A. Product data. 

B. Shop Drawings: For VRF HVAC systems. 

1. Include plans, elevations, sections, and mounting details. 

2. Include details of equipment assemblies. Indicate dimensions, weights, 
loads, required clearances, method of field assembly, components, and 
location and size of each field connection. 

3. Vibration Isolation Base Details: Detail fabrication including anchorages 
and attachments to structure and to supported equipment. Include 
adjustable motor bases, rails, and frames for equipment mounting. 

4. Include diagrams and details of refrigerant piping and tubing showing 
installation requirements for manufacturer-furnished divided flow fittings. 

5. Include diagrams for power, signal, and control wiring. 

C. Samples for Initial Selection: For fully and partially exposed indoor units with 
factory finishes viewable by occupants. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans, elevations, sections, and details, drawn to scale, 
using input from installers of the items involved. 

B. Qualification Data: 

1. For Installer. 

2. For VRF HVAC system manufacturer. 

3. For VRF HVAC system provider. 

C. Product Certificates: For each type of product. 

D. Product test reports. 

E. Source quality-control reports. 

F. Field quality-control reports. 
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G. Sample warranties. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 

2. Program Software Backup: On CD or DVD, USB media, or approved 
cloud storage platform, complete with data files. 

3. Device address list. 

4. Printout of software application and graphic screens. 

1.6 QUALITY ASSURANCE 

A. Factory-Authorized Service Representative Qualifications: 

1. Authorized representative of, and trained by, VRF HVAC system 
manufacturer. 

2. Demonstrated past experience with products being installed for period 
within three consecutive years before time of bid. 

3. Demonstrated past experience on five projects of similar complexity, 
scope, and value. 

a. Each person assigned to Project shall have demonstrated past 
experience. 

4. Staffing resources of competent and experienced full-time employees that 
are assigned to execute work according to schedule. 

5. Service and maintenance staff assigned to support Project during 
warranty period. 

6. Product parts inventory to support ongoing system operation for a period 
of not less than five years after Substantial Completion. 

7. VRF HVAC system manufacturer's backing to take over execution of Work 
if necessary to comply with requirements indicated. Include Project-
specific written letter, signed by manufacturer's corporate officer, if 
requested. 

B. Installer Qualifications: An entity that employs installers and supervisors who 
are trained and approved by VRF HVAC system manufacturer. 

1. Each employee shall be certified by manufacturer for proper installation of 
systems, including, but not limited to, equipment, piping, controls, and 
accessories indicated and furnished for installation. 

2. Installer certification shall be valid and current for duration of Project. 
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3. Retain copies of Installer certificates on-site and make available on 
request. 

4. Each person assigned to Project shall have demonstrated past 
experience. 

a. Demonstrated past experience with products being installed for 
period within three consecutive years before time of bid. 

b. Demonstrated past experience on five projects of similar complexity, 
scope, and value. 

5. Installers shall have staffing resources of competent, trained, and 
experienced full-time employees that are assigned to execute work 
according to schedule. 

C. ISO Compliance: System equipment and components furnished by VRF HVAC 
system manufacturer shall be manufactured in an ISO 9001 and ISO 14001 
facility. 

1.7 WARRANTY 

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace equipment 
and components that fail(s) in materials or workmanship within specified 
warranty period. 

1. Warranty Period: 

a. For Compressor:  Five year(s) from date of Substantial Completion. 

b. For Parts, Including Controls:  Five year(s) from date of Substantial 
Completion. 

c. For Labor: One year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 
1. Daikin 
2. Mitsubishi 
3. The Trane Company 

2.2 SYSTEM DESCRIPTION 

A. Direct-expansion (DX) VRF HVAC system(s) with variable capacity in response 
to varying cooling and heating loads. System shall consist of multiple indoor 

http://www.specagent.com/Lookup?ulid=7566
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units, outdoor unit(s), piping, controls, and electrical power to make complete 
operating system(s) complying with requirements indicated. 

1. Two-pipe or three-pipe system design. 

2. System(s) operation, heat pump as indicated on Drawings. 

3. Each system with one refrigerant circuit shared by all indoor units 
connected to system. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

C. AHRI Compliance: System and equipment performance certified according to 
AHRI 1230 and products listed in AHRI directory. 

D. ASHRAE Compliance: 

1. ASHRAE 15: For safety code for mechanical refrigeration. 

2. ASHRAE 62.1: For indoor air quality. 

3. ASHRAE 135: For control network protocol with remote communication. 

4. ASHRAE/IES 90.1 Compliance: For system and component energy 
efficiency. 

E. UL Compliance: Comply with UL 1995. 

2.3 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional specialist, to design 
complete and operational VRF HVAC system(s) complying with requirements 
indicated. 
1. Provide system refrigerant calculations. 

a. Refrigerant concentration limits shall be within allowable limits of 
ASHRAE 15 and governing codes. 

b. Indicate compliance with manufacturer's maximum vertical and 
horizontal travel distances. Prepare a comparison table for each 
system showing calculated distances compared to manufacturer's 
maximum allowed distances. 

2. Include a mechanical ventilation system and gas detection system as 
required to comply with ASHRAE 15 and governing codes. 

3. System Refrigerant Piping and Tubing: 
a. Arrangement: Arrange piping to interconnect indoor units and 

outdoor unit(s) in compliance with manufacturer requirements and 
requirements indicated. 

b. Routing: Conceal piping above ceilings and behind walls to 
maximum extent possible. 

c. Sizing: Size piping system, using a software program acceptable to 
manufacturer, to provide performance requirements indicated. 
Consider requirements to accommodate future change requirements. 
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4. System Controls: 
a. Network arrangement. 
b. Network interface with other building systems. 
c. Product selection. 
d. Sizing. 

B. Service Access: 
1. Provide and document service access requirements. 
2. Locate equipment, system isolation valves, and other system components 

that require service and inspection in easily accessible locations. Avoid 
locations that are difficult to access if possible. 

3. Where serviceable components are installed behind walls and above 
inaccessible ceilings, provide finished assembly with access doors or 
panels to gain access. Properly size the openings to allow for service, 
removal, and replacement. 

4. If less than full and unrestricted access is provided, locate components 
within an 18-inch (450-mm) reach of the finished assembly. 

5. Where ladder access is required to service elevated components, provide 
an installation that provides for sufficient access within ladder 
manufacturer's written instructions for use. 

6. Comply with OSHA regulations. 
C. System Design and Installation Requirements: 

1. Design and install systems indicated according to manufacturer's 
recommendations and written instructions. 

2. Where manufacturer's requirements differ from requirements indicated, 
contact Architect for direction. The most stringent requirements should 
apply unless otherwise directed in writing by Architect. 

D. System Adaptability to Future Changes: Arrange and size system refrigerant 
piping to accommodate future changes to system without having to resize and 
replace existing refrigerant piping. 
1. Each branch circuit shall accommodate addition of one indoor unit(s) with 

unit capacity equal to largest indoor unit connected to the branch circuit. 
2. Each branch circuit shall accommodate deletion of one indoor unit(s) with 

unit capacity equal to largest indoor unit connected to the branch circuit. 
E. Isolation of Equipment: Provide isolation valves to isolate eachindoor unit and 

outdoor unit for service, removal, and replacement without interrupting system 
operation. 

F. System Capacity Ratio: The sum of connected capacity of all indoor units shall 
be within the following range of outdoor-unit rated capacity: 
1. Not less than 60 percent. 
2. Not more than 110 percent. 
3. Range acceptable to manufacturer. 

G. System Turndown: Stable operation down to 20 percent of outdoor-unit 
capacity. 
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H. System Auto Refrigerant Charge: Each system shall have an automatic 
refrigerant charge function to ensure the proper amount of refrigerant is 
installed in system. 

I. Outdoor Conditions: 
1. Suitable for outdoor ambient conditions encountered. 

a. Design equipment and supports to withstand wind loads of governing 
code and ASCE/SEI 7. 

b. Design equipment and supports to withstand snow and ice loads of 
governing code and ASCE/SEI 7. 

c. Provide corrosion-resistant coating for components and supports 
where located in coastal or industrial climates that are known to be 
harmful to materials and finishes. 

2. Maximum System Operating Outdoor Temperature:  See Drawings. 
3. Minimum System Operating Outdoor Temperature:  See Drawings. 

J. Sound Performance: Sound levels generated by operating HVAC equipment 
shall be within requirements indicated. 
1. Indoor:  Within design guidelines of "2015 ASHRAE HANDBOOK- HVAC 

Applications." 
2. Outdoor:  Within ordinance of governing authorities. 

K. Thermal Movements: Allow for controlled thermal movements from ambient, 
surface, and system temperature changes. 

L. Capacities and Characteristics: As indicated on Drawings. 

2.4 INDOOR, CONCEALED, CEILING-MOUNTED UNITS FOR DUCTING 

A. Description: Factory-assembled complete unit with components, piping, wiring, 
and controls required for mating to ductwork, piping, power, and controls field 
connections. 

B. Cabinet: 
1. Material:  Galvanized or painted steel. 
2. Insulation: Manufacturer's standard internal insulation, complying with 

ASHRAE 62.1, to provide thermal resistance and prevent condensation. 
3. Duct Connections: Extended collar or flange, or designated exterior 

cabinet surface, designed for attaching field-installed ductwork. 
4. Mounting: Manufacturer-designed provisions for field installation. 
5. Internal Access: Removable panels or hinged doors of adequate size for 

field access to internal components for inspection, cleaning, service, and 
replacement. 

C. DX Coil Assembly: 
1. Coil Casing: Aluminum, galvanized, or stainless steel. 
2. Coil Fins: Aluminum, mechanically bonded to tubes, with arrangement 

required by performance. 
3. Coil Tubes: Copper, of diameter and thickness required by performance. 
4. Expansion Valve: Electronic modulating type with linear or proportional 

characteristics. 
5. Unit Internal Tubing: Copper tubing with brazed joints. 
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6. Unit Internal Tubing Insulation: Manufacturer's standard insulation, of 
thickness to prevent condensation. 

7. Field Piping Connections: Manufacturer's standard. 
8. Factory Charge: Dehydrated air or nitrogen. 
9. Testing: Factory pressure tested and verified to be without leaks. 

D. Drain Assembly: 
1. Pan: Non-ferrous material, with bottom sloped to low point drain 

connection. 
2. Condensate Removal: Unit-mounted pump or other integral lifting 

mechanism, capable of lifting drain water to an elevation above top of 
cabinet. 

3. Field Piping Connection: Non-ferrous material. 
E. Fan and Motor Assembly: 

1. Fan(s): 
a. Direct-drive arrangement. 
b. Single or multiple fans connected to a common motor shaft and 

driven by a single motor. 
c. Fabricated from non-ferrous components or ferrous components with 

corrosion-resistant finish. 
d. Wheels statically and dynamically balanced. 

2. Motor: Brushless dc or electronically commutated with permanently 
lubricated bearings. 

3. Motor Protection: Integral protection against thermal, overload, and 
voltage fluctuations. 

4. Speed Settings and Control: Two (low, high), three (low, medium, high), or 
more than three speed settings or variable speed with a speed range of 
least 50 percent. 

5. Vibration Control: Integral isolation to dampen vibration transmission. 
F. Filter Assembly: 

1. Access: Bottom, side, or rear to accommodate field installation without 
removing ductwork and to accommodate filter replacement without need 
for tools. 

2. Efficiency:  ASHRAE 52.2, MERV 7. 
G. Unit Controls: 

1. Enclosure: Metal, suitable for indoor locations. 
2. Factory-Installed Controller: Configurable digital control. 
3. Factory-Installed Sensors: 

a. Unit inlet air temperature. 
b. Coil entering refrigerant temperature. 
c. Coil leaving refrigerant temperature. 

4. Field-Customizable I/O Capability: 
a. Analog Inputs:  Three for use in customizable control strategies. 
b. Digital Inputs:  Three for use in customizable control strategies. 
c. Digital Outputs:  Three for use in customizable control strategies. 

5. Features and Functions: 
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a. Self-diagnostics. 
b. Time delay. 
c. Auto-restart. 
d. External static pressure control. 
e. Auto operation mode. 
f. Manual operation mode. 
g. Filter service notification. 
h. Power consumption display. 
i. Drain assembly high water level safety shutdown and notification. 
j. Run test switch. 

6. Communication: Network communication with other indoor and outdoor 
units. 

7. Cable and Wiring: Manufacturer's standard with each connection labeled 
and corresponding to a unit-mounted wiring diagram. 

8. Field Connection: Manufacturer's standard with each connection labeled 
and corresponding to a unit-mounted wiring diagram. 

H. Unit Electrical: 
1. Enclosure: Metal, suitable for indoor locations. 
2. Field Connection: Single point connection to power unit and integral 

controls. 
3. Disconnecting Means: Factory-mounted circuit breaker or switch. 
4. Control Transformer: Manufacturer's standard. Coordinate requirements 

with field power supply. 
5. Wiring: Manufacturer's standard with each connection labeled and 

corresponding to a unit-mounted wiring diagram. 
6. Raceways: Enclose line voltage wiring in metal raceways. 

2.5 OUTDOOR, AIR-SOURCE HEAT-PUMP UNITS 

A. Description: Factory-assembled and -tested complete unit with components, 
piping, wiring, and controls required for mating to piping, power, and controls 
field connections. 

1. Specially designed for use in systems with either all heating or all cooling 
demands, but not for use in systems with simultaneous heating and 
cooling. 

2. Systems shall consist of one unit, or multiple unit modules that are 
designed by variable refrigerant system manufacturer for field 
interconnection to make a single refrigeration circuit that connects multiple 
indoor units. 

3. All units installed shall be from the same product development generation. 

B. Cabinet: 

1. Galvanized steel and coated with a corrosion-resistant finish. 

a. Coating with documented salt spray test performance of 1000 hours 
according ASTM B 117 surface scratch test (SST) procedure. 
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2. Mounting: Manufacturer-designed provisions for field installation. 

3. Internal Access: Removable panels or hinged doors of adequate size for 
field access to internal components for inspection, cleaning, service, and 
replacement. 

C. Compressor and Motor Assembly: 

1. One or more positive-displacement, direct-drive and hermetically sealed 
scroll compressor(s) with inverter drive and turndown to 15 percent of 
rated capacity. 

2. Protection: Integral protection against the following: 

a. High refrigerant pressure. 

b. Low oil level. 

c. High oil temperature. 

d. Thermal and overload. 

e. Voltage fluctuations. 

f. Phase failure and phase reversal. 

g. Short cycling. 

3. Speed Control: Variable to automatically maintain refrigerant suction and 
condensing pressures while varying refrigerant flow to satisfy system 
cooling and heating loads. 

4. Vibration Control: Integral isolation to dampen vibration transmission. 

5. Oil management system to ensure safe and proper lubrication over entire 
operating range. 

6. Crankcase heaters with integral control to maintain safe operating 
temperature. 

7. Fusible plug. 

D. Condenser Coil Assembly: 

1. Plate Fin Coils: 

a. Casing: Aluminum, galvanized, or stainless steel. 

b. Fins: Aluminum or copper, mechanically bonded to tubes, with 
arrangement required by performance. 

c. Tubes: Copper, of diameter and thickness required by performance. 

2. Aluminum Microchannel Coils: 

a. Series of flat tubes containing a series of multiple, parallel-flow 
microchannels layered between refrigerant header manifolds. 
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b. Single- or multiple-pass arrangement. 

c. Construct fins, tubes, and header manifolds of aluminum alloy. 

3. Corrosion Protection: Coating with documented salt spray test 
performance of 1000 hours according ASTM B 117 surface scratch test 
(SST) procedure. 

4. Hail Protection: Provide condenser coils with louvers, baffles, or hoods to 
protect against hail damage. 

E. Condenser Fan and Motor Assembly: 

1. Fan(s): Propeller type. 

a. Direct-drive arrangement. 

b. Fabricated from non-ferrous components or ferrous components with 
corrosion protection finish to match performance indicated for 
condenser coil. 

c. Statically and dynamically balanced. 

2. Fan Guards: Removable safety guards complying with OSHA regulations. 
If using metal materials, coat with corrosion-resistant coating to match 
performance indicated for condenser coil. 

3. Motor(s): Brushless dc or electronically commutated with permanently 
lubricated bearings and rated for outdoor duty. 

4. Motor Protection: Integral protection against thermal, overload, and 
voltage fluctuations. 

5. Speed Settings and Control: Variable speed with a speed range of least 
75 percent. 

6. Vibration Control: Integral isolation to dampen vibration transmission. 

F. Drain Pan: If required by manufacturer's design, provide unit with non-ferrous 
drain pan with bottom sloped to a low point drain connection. 

G. Unit Controls: 

1. Enclosure: Manufacturer's standard, and suitable for unprotected outdoor 
locations. 

2. Factory-Installed Controller: Configurable digital control. 

3. Factory-Installed Sensors: 

a. Refrigerant suction temperature. 

b. Refrigerant discharge temperature. 

c. Outdoor air temperature. 

d. Refrigerant high pressure. 

e. Refrigerant low pressure. 
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f. Oil level. 

4. Features and Functions: Self-diagnostics, time delay, auto-restart, fuse 
protection, auto operation mode, manual operation mode, night setback 
control. 

5. Communication: Network communication with indoor units and other 
outdoor unit(s). 

6. Cable and Wiring: Manufacturer's standard with each connection labeled 
and corresponding to a unit-mounted wiring diagram. 

7. Field Connection: Manufacturer's standard with each connection labeled 
and corresponding to a unit-mounted wiring diagram. 

H. Unit Electrical: 

1. Enclosure: Metal, similar to enclosure, and suitable for unprotected 
outdoor locations. 

2. Field Connection: Single point connection to power entire unit and integral 
controls. 

3. Disconnecting Means: Factory-mounted circuit breaker or switch, 
complying with NFPA 70. 

4. Control Transformer: Manufacturer's standard. Coordinate requirements 
with field power supply. 

5. Wiring: Manufacturer's standard with each connection labeled and 
corresponding to a unit-mounted wiring diagram. 

6. Raceways: Enclose line voltage wiring in metal raceways to comply with 
NFPA 70. 

I. Unit Hardware: Zinc-plated steel, or stainless steel. Coat exposed surfaces with 
additional corrosion-resistant coating if required to prevention corrosion when 
exposed to salt spray test for 1000 hours according ASTM B 117. 

J. Unit Piping: 

1. Unit Tubing: Copper tubing with brazed joints. 

2. Unit Tubing Insulation: Manufacturer's standard insulation, of thickness to 
prevent condensation. 

3. Field Piping Connections: Manufacturer's standard. 

4. Factory Charge: Dehydrated air or nitrogen. 

5. Testing: Factory pressure tested and verified to be without leaks. 

2.6 SYSTEM CONTROLS 

A. General Requirements: 
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1. Network: Indoor units and outdoor units shall include integral controls and 
connect through a TIA-485A or manufacturer-selected control network. 

2. Network Communication Protocol:  Open control communication between 
interconnected units. 

3. Integration with Building Automation System: ASHRAE 135, BACnet IP 
and certified by BACnet Testing Lab (BTL), including the following: 
a. Ethernet connection via RJ-45 connectors and port with transmission 

at 100 Mbps or higher. 
b. Integration devices shall be connected to local uninterruptible power 

supply unit(s) to provide at least 5 minutes of battery backup 
operation after a power loss. 

c. Integration shall include control, monitoring, scheduling, and change 
of value notifications. 

4. Operator Interface: 
a. Operators shall interface with system and unit controls through the 

following: 
1) Operator interfaces integral to controllers. 
2) Owner-furnished PC connected to central controller(s). 
3) Web interface through web browser software. 
4) Integration with Building Automation System. 

b. Users shall be capable of interface with controllers for control of 
indoor units to extent privileges are enabled. Control features 
available to users shall include the following: 
1) On/off control. 
2) Temperature set-point adjustment. 

B. VRF HVAC System Operator Software for PC: 
1. Software offered by VRF HVAC system manufacturer shall provide system 

operators with ability to monitor and control VRF HVAC system(s) from a 
single dedicated Owner-furnished PC. 

2. Software shall provide operator with a graphic user interface to allow 
monitoring and control of multiple central controllers from a single device 
location through point-and-click mouse exchange. 

3. Plan views shall show building plans with location of indoor units and 
identification superimposed on plans. 

4. Controls operation mode of indoor units as individual units, by selected 
groups of indoor units, or as collection of all indoor units. Operation modes 
available through central controller shall match those operation modes of 
controllers for indoor units. 

5. Schedules operation of indoor units as individual units, by selected groups 
of indoor units, or as collection of all indoor units. Schedules daily, weekly, 
and annual events. 

6. Changes operating set points of indoor units as individual units, by 
selected groups of indoor units, or as collection of all indoor units. 

7. Optimized start feature to start indoor units before scheduled time to reach 
temperature set-point at scheduled time based on operating history. 
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8. Night setback feature to operate indoor units at energy-conserving heating 
and cooling temperature set-points during unoccupied periods. 

9. Supports Multiple Languages:  English. 
10. Supports Imperial and Metric Temperature Units:  Fahrenheit or Celsius. 
11. Displays service notifications and error codes. 
12. Monitors and displays up to 3000 item error history and 10000 item 

operation history for regular reporting and further archiving. 
13. Monitors and displays cumulative operating time of indoor units. 
14. Able to disable and enable operation of individual controllers for indoor 

units. 
15. Information displayed on individual controllers shall also be available for 

display. 
16. Information displayed for outdoor units, including refrigerant high and low 

pressures percent capacity. 
C. Central Controllers: 

1. Centralized control for all indoor and outdoor units from a single central 
controller location. 
a. Include multiple interconnected controllers as required. 

2. Controls operation mode of indoor units as individual units, by selected 
groups of indoor units, or as collection of all indoor units. Operation modes 
available through central controller shall match those operation modes of 
controllers for indoor units. 

3. Schedule operation of indoor units as individual units, by selected groups 
of indoor units, or as collection of all indoor units. 
a. Sets schedule for daily, weekly, and annual events. 
b. Schedule options available through central controller shall at least 

include the schedule options of controllers for indoor units. 
4. Changes operating set points of indoor units as individual units, by 

selected groups of indoor units, or as collection of all indoor units. 
5. Optimized start feature to start indoor units before scheduled time to reach 

temperature set-point at scheduled time based on operating history. 
6. Night setback feature to operate indoor units at energy-conserving heating 

and cooling temperature set-points during unoccupied periods. 
7. Service diagnostics tool. 
8. Able to disable and enable operation of individual controllers for indoor 

units. 
9. Information displayed on individual controllers shall also be available for 

display through central controller. 
10. Information displayed for outdoor units, including refrigerant high and low 

pressures percent capacity. 
11. Multiple RJ-45 ports for direct connection to a local PC and an Ethernet 

network switch. 
12. Operator interface through a backlit, high-resolution color display touch 

panel and web accessible through standard web browser software. 
D. Wired Controllers for Indoor Units: 



WHCRWA  

CENTRAL PUMP STATION VARIABLE REFRIGERANT FLOW HVAC SYSTEMS 

 

WHCRWA CENTRAL PUMP STATION  

VARIABLE REFRIGERANT FLOW HVAC SYSTEMS 
23 81 29 - 15 of 28 

 

1. Single controller capable of controlling multiple indoor units as group. 
2. Auto Timeout Touch Screen LCD: Timeout duration shall be adjustable. 
3. Multiple Language:  English. 
4. Temperature Units:  Fahrenheit. 
5. On/Off: Turns indoor unit on or off. 
6. Hold: Hold operation settings until hold is released. 
7. Operation Mode: Cool, Heat, Auto, Dehumidification, Fan Only, and 

Setback. 
8. Temperature Display: 1-degree increments. 
9. Temperature Set-Point: Separate set points for Cooling, Heating, and 

Setback. Adjustable in 1-degree increments between 55-90. 
10. Relative Humidity Display: 1 percent increments. 
11. Relative Humidity Set-Point: Adjustable in 1 percent increments between 

20-70. 
12. Fan Speed Setting: Select between available options furnished with the 

unit. 
13. Airflow Direction Setting: If applicable to unit, select between available 

options furnished with the unit. 
14. Seven-day programmable operating schedule with up to five events per 

day. Operations shall include On/Off, Operation Mode, and Temperature 
Set-Point. 

15. Auto Off Timer: Operates unit for an adjustable time duration and then 
turns unit off. 

16. Occupancy detection. 
17. Service Notification Display: "Filter". 
18. Service Run Tests: Limit use by service personnel to troubleshoot 

operation. 
19. Error Code Notification Display: Used by service personnel to troubleshoot 

abnormal operation and equipment failure. 
20. User and Service Passwords: Capable of preventing adjustments by 

unauthorized users. 
21. Setting stored in nonvolatile memory to ensure that settings are not lost if 

power is lost. Battery backup for date and time only. 
22. Low-voltage power required for controller shall be powered through non-

polar connections to indoor unit. 
E. Wireless Controllers for Indoor Units: 

1. Wireless Communication: 
a. Controller communicates to remote-mounted receiver that is wired to 

indoor unit(s). 
1) Include receivers with wireless controllers as required to 

complete installation. 
2) Low-voltage power required for receivers shall be powered 

through non-polar connections to indoor unit. 
b. One wireless controller shall be capable of communicating with one 

or multiple receivers to control one or multiple indoor units as a 
group. 
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2. Controller Battery Life:  Three years. 
3. Auto Timeout Touch Screen LCD: Timeout duration shall be adjustable. 
4. Multiple Language:  English. 
5. Temperature Units:  Fahrenheit. 
6. On/Off: Turns indoor unit on or off. 
7. Hold: Hold operation settings until hold is released. 
8. Operation Mode: Cool, Heat, Auto, Dehumidification, Fan Only, and 

Setback. 
9. Temperature Display: 1-degree increments. 
10. Temperature Set-Point: Separate set points for Cooling, Heating, and 

Setback. Adjustable in 1-degree increments between 55-90. 
11. Relative Humidity Display: 1 percent increments. 
12. Relative Humidity Set-Point: Adjustable in 1 percent increments between 

20-70. 
13. Fan Speed Setting: Select between available options furnished with the 

unit. 
14. Airflow Direction Setting: If applicable to unit, select between available 

options furnished with the unit. 
15. Seven-day programmable operating schedule with up to five events per 

day. Operations shall include On/Off, Operation Mode, and Temperature 
Set-Point. 

16. Auto Off Timer: Operates unit for an adjustable time duration and then 
turns unit off. 

17. Occupancy detection. 
18. Service Notification Display: "Filter". 
19. Service Run Tests: Limit use by service personnel to troubleshoot 

operation. 
20. Error Code Notification Display: Used by service personnel to troubleshoot 

abnormal operation and equipment failure. 
21. User and Service Passwords: Capable of preventing adjustments by 

unauthorized users. 
22. Setting stored in non-volatile memory to ensure that settings are not lost if 

power is lost. Battery for date and time only. 
 

2.7 SYSTEM REFRIGERANT AND OIL 

A. Refrigerant: 

1. As required by VRF HVAC system manufacturer for system to comply with 
performance requirements indicated. 

B. Oil: 

1. As required by VRF HVAC system manufacturer and to comply with 
performance requirements indicated. 
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2.8 SYSTEM CONDENSATE DRAIN PIPING 

A. If more than one material is listed, material selection is Contractor's option. 

B. Copper Tubing: 

1. Drawn-Temper Tubing: According to ASTM B 88, Type L (ASTM B 88M, 
Type B) or Type DWV according to ASTM B 306. 

2. Wrought-Copper Fittings: ASME B16.22. 

3. Wrought-Copper Unions: ASME B16.22. 

4. Solder Filler Metals: ASTM B 32, lead-free alloys, and water-flushable flux 
according to ASTM B 813. 

C. CPVC plastic pipe according to ASTM F 441/F 441M, Schedule 40, with socket-
type pipe fittings according to ASTM F 438 and solvent cement according to 
ASTM F 493. 

D. PVC plastic pipe according to ASTM D 1785, Schedule 40, with socket-type 
pipe fittings according to ASTM D 2466 and solvent cement according to 
ASTM D 2564, primer according to ASTM F 656. 

2.9 SYSTEM REFRIGERANT PIPING 

A. Comply with requirements in Section 232300 "Refrigerant Piping" for system 
piping requirements. 

B. Refrigerant Piping: 

1. Copper Tube:  ASTM B 280, Type ACR. 

2. Wrought-Copper Fittings: ASME B16.22. 

3. Brazing Filler Metals: AWS A5.8/A5.8M. 

C. Refrigerant Tubing Kits: 

1. Furnished by VRF HVAC system manufacturer. 

2. Factory-rolled and -bundled, soft-copper tubing with tubing termination 
fittings at each end. 

3. Standard one-piece length for connecting to indoor units. 

4. Pre-insulated with flexible elastomeric insulation of thickness to comply 
with governing energy code and sufficient to eliminate condensation. 

5. Factory Charge:  Dehydrated air or nitrogen. 

D. Divided-Flow Specialty Fittings: Where required by VRF HVAC system 
manufacturer for proper system operation, VRF HVAC system manufacturer 
shall furnish specialty fittings with identification and instructions for proper 
installation by Installer. 

E. Refrigerant Isolation Ball Valves: 
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1. Description: Uni-body full port design, rated for maximum system 
temperature and pressure, and factory tested under pressure to ensure 
tight shutoff. Designed for valve operation without removing seal cap. 

2. Seals: Compatible with system refrigerant and oil. Seal service life of at 
least 20 years. 

3. Valve Connections: Flare or sweat depending on size. 

2.10 METAL HANGERS AND SUPPORTS 

A. Copper Tube Hangers: 

1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, 
factory-fabricated components. 

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of 
galvanized or copper-coated steel. 

B. Plastic Pipe Hangers: 

1. Description: MSS SP-58, Types 1 through 58, galvanized-steel, factory-
fabricated components. 

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of 
galvanized steel. 

2.11 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners: Threaded, zinc-coated steel stud, for use in 
hardened portland cement concrete with pull-out, tension, and shear capacities 
appropriate for supported loads and building materials where used. 

B. Mechanical-Expansion Anchors: Insert-wedge-type anchors, for use in 
hardened portland cement concrete; with pull-out, tension, and shear capacities 
appropriate for supported loads and building materials where used. 

1. Indoor Applications:  Zinc-coated or stainless steel. 

2. Outdoor Applications: Stainless steel. 

2.12 MISCELLANEOUS SUPPORT MATERIALS 

A. Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, 
nonshrink and nonmetallic grout; suitable for interior and exterior applications. 

1. Properties: Nonstaining, noncorrosive, and nongaseous. 

2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength. 

B. Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; 
galvanized. 
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C. Threaded Rods: Continuously threaded. Zinc-plated steel or galvanized steel 
for indoor applications and stainless steel for outdoor applications. Mating nuts 
and washers of similar material as rods. 

2.13 PIPING AND TUBING INSULATION 

A. Comply with requirements in Section 230719 "HVAC Piping Insulation" for 
system piping insulation requirements. 

2.14 SYSTEM CONTROL CABLE AND RACEWAYS 

A. Low-Voltage Control Cabling: 

1. Plenum-Rated, Paired Cable: NFPA 70, Type CMP. 

B. TIA-485A Network Cabling: 

1. Standard Cable: NFPA 70, Type CMG. 

2. Plenum-Rated Cable: NFPA 70, Type CMP. 

C. Ethernet Network Cabling: TIA-568-C.2 Category 6 or 6a cable with RJ-45 
connectors. 

D. Comply with requirements in Section 260533 "Raceways and Boxes for 
Electrical Systems" for control wiring and cable raceways. 

2.15 SOURCE QUALITY CONTROL 

A. Factory Tests: Test and inspect factory-assembled equipment. 

B. Equipment will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports for historical record. Submit reports only if 
requested. 

PART 3 - EXECUTION 

3.1 EQUIPMENT INSTALLATION 

A. Clearance: 

1. Maintain manufacturer's recommended clearances for service and 
maintenance. 

2. Maintain clearances required by governing code. 

B. Loose Components: Install components, devices, and accessories furnished by 
manufacturer, with equipment, that are not factory mounted. 

1. Loose components shall be installed by manufacturer's service 
representative or system Installer under supervision of manufacturer's 
service representative. 
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C. Equipment Restraint Installation: Install equipment with seismic-restraint device. 
Comply with requirements for seismic-restraint devices specified in 
Section 230548 "Vibration and Seismic Controls for HVAC." 

D. Indoor Unit Installations: 

1. Install units to be level and plumb while providing a neat and finished 
appearance. 

2. Unless otherwise required by VRF HVAC system manufacturer, support 
ceiling-mounted units from structure above using threaded rods; minimum 
rod size of 3/8 inch (10 mm). 

3. Adjust supports of exposed and recessed units to draw units tight to 
adjoining surfaces. 

4. Protect finished surfaces of ceilings, floors, and walls that come in direct 
contact with units. Refinish or replaced damaged areas after units are 
installed. 

5. In rooms with ceilings, conceal piping and tubing, controls, and electrical 
power serving units above ceilings. 

6. In rooms without ceiling, arrange piping and tubing, controls, and electrical 
power serving units to provide a neat and finished appearance. 

7. Provide lateral bracing if needed to limit movement of suspended units to 
not more than 0.25 inch (13 mm). 

8. Attachment: Install hardware for proper attachment to supported 
equipment. 

9. Grouting: Place grout under equipment supports and make bearing 
surface smooth. 

E. Outdoor Unit Installations: 

1. Install units to be level and plumb while providing a neat and finished 
appearance. 

2. Install outdoor units on support structures indicated on Drawings. 

3. Pad-Mounted Installations: Install outdoor units on cast-in-place concrete 
equipment bases. Comply with requirements for equipment bases and 
foundations specified in Section 033000 "Cast-in-Place Concrete." 

a. Attachment: Install anchor bolts to elevations required for proper 
attachment to supported equipment. 

b. Grouting: Place grout under equipment supports and make bearing 
surface smooth. 
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3.2 GENERAL REQUIREMENTS FOR PIPING AND TUBING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and 
arrangement of piping and tubing systems. Install piping and tubing as indicated 
unless deviations to layout are approved on coordination drawings. 

B. Install piping and tubing in concealed locations unless otherwise indicated and 
except in equipment rooms and service areas. 

C. Install piping and tubing at right angles or parallel to building walls. Diagonal 
runs are prohibited unless specifically indicated otherwise. 

D. Install piping and tubing above accessible ceilings to allow sufficient space for 
ceiling panel removal. 

E. Install piping and tubing to permit valve servicing. 

F. Install piping and tubing at indicated slopes. 

G. Install piping and tubing free of sags. 

H. Install fittings for changes in direction and branch connections. 

I. Install piping and tubing to allow application of insulation. 

J. Install groups of pipes and tubing parallel to each other, spaced to permit 
applying insulation with service access between insulated piping and tubing. 

K. Install sleeves for piping and tubing penetrations of walls, ceilings, and floors. 
Comply with requirements for sleeves specified in Section 230517 "Sleeves and 
Sleeve Seals for HVAC Piping." 

L. Install escutcheons for piping and tubing penetrations of walls, ceilings, and 
floors. Comply with requirements for escutcheons specified in Section 230518 
"Escutcheons for HVAC Piping." 

3.3 CONDENSATE DRAIN PIPE AND TUBING INSTALLATION 

A. General Requirements for Drain Piping and Tubing: 

1. Install a union in piping at each threaded unit connection. 

2. Install an adjustable stainless-steel hose clamp with adjustable gear 
operator on unit hose connections. Tighten clamp to provide a leak-free 
installation. 

3. If required for unit installation, provide a trap assembly in drain piping to 
prevent air circulated through unit from passing through drain piping. 
Comply with more stringent of the following: 

a. Details indicated on Drawings. 

b. Manufacturer's requirements. 

c. Governing codes. 
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d. In the absence of requirements, comply with requirements of 
ASHRAE handbooks. 

4. Extend drain piping from units with drain connections to drain receptors as 
indicated on Drawings. If not indicated on Drawings, terminate drain 
connection at nearest accessible location that is not exposed to view by 
occupants. 

5. Provide each 90-degree change in direction with a Y- or T-fitting. Install a 
threaded plug connection in the dormant side of fitting or future use as a 
service cleanout. 

B. Pumped Drains: 

1. If unit condensate pump or lift mechanism is not included with an integral 
check valve, install a full-size check valve in each branch pipe near unit 
connection to prevent backflow into unit. 

3.4 REFRIGERANT PIPING AND TUBING INSTALLATION 

A. Refrigerant Tubing Kits: 

1. Unroll and straighten tubing to suit installation. Deviations in straightness 
of exposed tubing shall be unnoticeable to observer. 

2. Support tubing using hangers and supports indicated at intervals not to 
exceed 5 feet (1.5 m). Minimum rod size, 1/4 inch (6.4 mm). 

3. Prepare tubing ends and make mating connections to provide a pressure 
tight and leak-free installation. 

B. Install refrigerant piping according to ASHRAE 15 and governing codes. 

C. Select system components with pressure rating equal to or greater than system 
operating pressure. 

D. Install piping as short and direct as possible, with a minimum number of joints 
and fittings. 

E. Arrange piping to allow inspection and service of equipment. Install valves and 
specialties in accessible locations to allow for service and inspection. Install 
access doors or panels as specified in Section 083100 "Access Doors" if valves 
or equipment requiring maintenance is concealed behind finished surfaces. 

F. Install refrigerant piping and tubing in protective conduit where installed 
belowground. 

G. Install refrigerant piping and tubing in rigid or flexible conduit in locations where 
exposed to mechanical damage. 

H. Unless otherwise required by VRF HVAC system manufacturer, slope 
refrigerant piping and tubing as follows: 
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1. Install horizontal hot-gas discharge piping and tubing with a uniform slope 
downward away from compressor. 

2. Install horizontal suction lines with a uniform slope downward to 
compressor. 

3. Install traps to entrain oil in vertical runs. 

4. Liquid lines may be installed level. 

I. When brazing, remove or protect components that could be damaged by heat. 

J. Before installation, clean piping, tubing, and fittings to cleanliness level required 
by VRF HVAC system manufacturer. 

K. Joint Construction: 

1. Ream ends of tubes and remove burrs. 

2. Remove scale, slag, dirt, and debris from inside and outside of tube and 
fittings before assembly. 

3. Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter. 

a. Use Type BCuP (copper-phosphorus) alloy for joining copper fittings 
with copper tubing. 

b. Use Type BAg (cadmium-free silver) alloy for joining copper with 
bronze. 

3.5 PIPE AND TUBING INSULATION INSTALLATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended 
adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. Installation to maintain a continuous vapor barrier. 

B. Insulation Installation on Pipe Fittings and Elbows: 

1. Install mitered sections of pipe insulation. 

2. Secure insulation materials and seal seams with manufacturer's 
recommended adhesive to eliminate openings in insulation that allow 
passage of air to surface being insulated. 

C. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed valve covers manufactured of same material as pipe 
insulation when available. 

2. When preformed valve covers are unavailable, install cut sections of pipe 
and sheet insulation to valve body. Arrange insulation to permit access to 
packing and to allow valve operation without disturbing insulation. 

3. Secure insulation to valves and specialties and seal seams with 
manufacturer's recommended adhesive to eliminate openings in insulation 
that allow passage of air to surface being insulated. 
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D. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at 
longitudinal seams and end joints; for horizontal applications. Seal with 
manufacturer's recommended adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead 
under lap and the finish bead along seam and joint edge. 

E. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at 
longitudinal seams and end joints. Overlap longitudinal seams arranged to shed 
water. Seal end joints with weatherproof sealant recommended by insulation 
manufacturer. Secure jacket with stainless-steel bands 12 inches (300 mm) o.c. 
and at end joints. 

3.6 DUCT, ACCESSORIES, AND AIR OUTLETS INSTALLATION 

A. Where installing ductwork adjacent to equipment, allow space for service and 
maintenance. 

B. Comply with requirements for metal ducts specified in Section 233113 "Metal 
Ducts." 

C. Comply with requirements for air duct accessories specified in Section 233300 
"Air Duct Accessories." 

D. Comply with requirements for air diffusers specified in Section 233713 
"Diffusers, Registers, and Grilles." 

3.7 SOFTWARE 

A. Cybersecurity: 

1. Software: 

a. Coordinate security requirements with IT department. 

b. Ensure that latest stable software release is installed and properly 
operating. 

c. Disable or change default passwords to password using a 
combination of uppercase and lower letters, numbers, and symbols 
at least eight characters in length. Record passwords and turn over 
to party responsible for system operation and administration. 

2. Hardware: 

a. Coordinate location and access requirements with IT department. 

b. Enable highest level of wireless encryption that is compatible with 
Owner's ICT network. 

c. Disable dual network connections. 
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3.8 FIRESTOPPING 

A. Comply with requirements in Section 078400 "Firestopping." 

B. Comply with TIA-569-D, Annex A, "Firestopping." 

C. Comply with BICSI TDMM, "Firestopping" Chapter. 

3.9 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections with the assistance of 
manufacturer's service representative: 

1. Perform each visual and mechanical inspection and electrical test stated 
in NETA Acceptance Testing Specification. Certify compliance with test 
parameters. 

2. Leak Test: After installation, charge system and test for leaks. Repair 
leaks and retest until no leaks exist. 

3. Operational Test: After electrical circuitry has been energized, start units 
to confirm proper motor rotation and unit operation. 

4. Test and adjust controls and safeties. Replace damaged and 
malfunctioning controls and equipment. 

B. Refrigerant Tubing Positive Pressure Testing: 

1. Comply with more stringent of VRF HVAC system manufacturer's 
requirements and requirements indicated. 

2. After completion of tubing installation, pressurize tubing systems to a test 
pressure of not less than 1.2 times VRF HVAC system operating pressure, 
but not less than 600 psig (4137 kPa), using dry nitrogen. 

3. Successful testing shall maintain a test pressure for a continuous and 
uninterrupted period of 24 hours. Allowance for pressure changes 
attributed to changes in ambient temperature are acceptable. 

4. Prepare test report to record the following information for each test: 

a. Name of person starting test, company name, phone number, and e-
mail address. 

b. Name of manufacturer's service representative witnessing test, 
company name, phone number, and e-mail address. 

c. Detailed description of extent of tubing tested. 

d. Date and time at start of test. 

e. Test pressure at start of test. 

f. Outdoor temperature at start of test. 

g. Name of person ending test, company name, phone number, and e-
mail address. 
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h. Date and time at end of test. 

i. Test pressure at end of test. 

j. Outdoor temperature at end of test. 

k. Remarks: 

5. Submit test reports for Project record. 

C. Refrigerant Tubing Evacuation Testing: 

1. Comply with more stringent of VRF HVAC system manufacturer's 
requirements and requirements indicated. 

2. After completion of tubing positive-pressure testing, evacuate tubing 
systems to a pressure of 500 microns. 

3. Successful testing shall maintain a test pressure for a continuous and 
uninterrupted period of one hour(s) with no change. 

4. Prepare test report to record the following information for each test: 

a. Name of person starting test, company name, phone number, and e-
mail address. 

b. Name of manufacturer's service representative witnessing test, 
company name, phone number, and e-mail address. 

c. Detailed description of extent of tubing tested. 

d. Date and time at start of test. 

e. Test pressure at start of test. 

f. Outdoor temperature at start of test. 

g. Name of person ending test, company name, phone number, and e-
mail address. 

h. Date and time at end of test. 

i. Test pressure at end of test. 

j. Outdoor temperature at end of test. 

k. Remarks: 

5. Submit test reports for Project record. 

6. Upon successful completion of evacuation testing, system shall be 
charged with refrigerant. 

D. System Refrigerant Charge: 

1. Using information collected from the refrigerant tubing evacuation testing, 
system Installer shall consult variable refrigerant system manufacturer to 
determine the correct system refrigerant charge. 
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2. Installer shall charge system following VRF HVAC system manufacturer's 
written instructions. 

3. System refrigerant charging shall be witnessed by system manufacturer's 
representative. 

4. Total refrigerant charge shall be recorded and permanently displayed at 
the system's outdoor unit. 

E. Products will be considered defective if they do not pass tests and inspections. 

F. Prepare test and inspection reports. 

3.10 STARTUP SERVICE 

A. Engage a VRF HVAC system manufacturer's service representative to perform 
system(s) startup service. 

1. Service representative shall be an employee or a factory-trained and -
authorized service representative of VRF HVAC system manufacturer. 

2. Complete startup service of each separate system. 

3. Complete system startup service according to manufacturer's written 
instructions. 

B. Startup checks shall include, but not be limited to, the following: 

1. Check control communications of equipment and each operating 
component in system(s). 

2. Check each indoor unit's response to demand for cooling and heating. 

3. Check each indoor unit's response to changes in airflow settings. 

4. Check each indoor unit and outdoor unit for proper condensate removal. 

5. Check sound levels of each indoor and outdoor unit. 

C. Installer shall accompany manufacturer's service representative during startup 
service and provide manufacturer's service representative with requested 
documentation and technical support during startup service. 

1. Installer shall correct deficiencies found during startup service for 
reverification. 

D. System Operation Report: 

1. After completion of startup service, manufacturer shall issue a report for 
each separate system. 

2. Report shall include complete documentation describing each startup 
check, the result, and any corrective action required. 

3. Manufacturer shall electronically record not less than two hours of 
continuous operation of each system and submit with report for historical 
reference. 
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a. All available system operating parameters shall be included in the 
information submitted. 

3.11 ADJUSTING 

A. Adjust equipment and components to function smoothly, and lubricate as 
recommended by manufacturer. 

B. Adjust initial temperature and humidity set points. Adjust initial airflow settings 
and discharge airflow patterns. 

C. Set field-adjustable switches and circuit-breaker trip ranges according to VRF 
HVAC system manufacturer's written instructions, and as indicated. 

D. Occupancy Adjustments: When requested within 12 months from date of 
Substantial Completion, provide on-site assistance in adjusting system to suit 
actual occupied conditions. Provide up to two visits to Project during other-than-
normal occupancy hours for this purpose. 

3.12 SOFTWARE SERVICE AGREEMENT 

A. Technical Support: Beginning at Substantial Completion, service agreement 
shall include software support for two years. 

B. Upgrade Service: At Substantial Completion, update software to latest version. 
Install and program software upgrades that become available within two years 
from date of Substantial Completion. Upgrading software shall include operating 
system and new or revised licenses for using software. 

1. Upgrade Notice: At least 30 days to allow Owner to schedule and access 
the system and to upgrade computer equipment if necessary. 

3.13 DEMONSTRATION 

A. Engage a VRF HVAC system manufacturer's employed training instructor or 
factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain entire system. 

END OF SECTION 23 81 29 

 



WHCRWA  

CENTRAL PUMP STATION UNIT HEATERS 

 

WHCRWA CENTRAL PUMP STATION  

UNIT HEATERS 
23 82 39 - 1 of 6 

 

  SECTION 23 82 39 

UNIT HEATERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section.  

1.2 SUMMARY 

A. Section includes propeller unit heaters with electric resistance heating coils. 

1.3 DEFINITIONS 

A. BAS:  Building Automation System 

B. CWP:  Cold Working Pressure 

C. PTFE:  Polytetrafluoroethylene Plastic 

D. TFE:  Tetrafluoroethylene Plastic 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product 

1. Include rated capacities, operating characteristics, furnished 
specialties, and accessories. 

B. Shop Drawings: 

1. Include plans, elevations, sections, and details. 

2. Include details of equipment assembles.  Indicate dimensions, weights, 
loads, required clearances, method of field assembly, components, 
and location and size of each field connection. 

3. Include location and size of each field connection. 

4. Include details of anchorages and attachments to structure and to 
supported equipment. 

5. Include equipment schedules to indicate rated capacities, operating 
characteristics, furnished specialties, and accessories. 

6. Indicate location and arrangement of piping valves and specialties. 

7. Indicate location and arrangement of integral controls. 

8. Wiring Diagrams:  Power, signal, and control wiring. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Floor plans, reflected ceiling plans, and other 
details, drawn to scale, or which the following items are shown and 
coordinated with each other, using input from installers of the items 
involved: 

1. Suspended ceiling components. 

2. Structural members to which propeller unit heaters will be attached. 

3. Method of attaching hangers to building structure. 

4. Size and location of initial access modules for acoustical tile. 

5. Items penetrating finished ceiling, including the following: 

a. Lighting fixtures. 

b. Air outlets and inlets. 

c. Speakers. 

d. Sprinklers. 

e. Access panels. 

B. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For propeller unit heaters to include in 
emergency operation and maintenance manuals. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Basis-of-Design Product:  Electric resistance type.  Subject to compliance 
with requirements, provide product indicated on Drawings or comparable 
product by one of the following: 

1. Qmark 

2. Modine 

3. Markel 

4. Chromalox 

5. Trane 

2.2 DESCRIPTION 

A. Assembly including casing, coil, fan, and motor in horizontal discharge 
configuration with adjustable discharge louvers. 
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B. Electrical Components, Devices, and Accessories:  Listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

C. Comply with UL 2021. 

D. Comply with UL 823. 

2.3 PERFORMANCE REQUIREMENTS 

A. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 
– “Systems and Equipment” and Section 7 – “Construction and Startup”. 

B. ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in 
ASHRAE/IESNA 90.1, Section 6 – “Heating, Ventilating, and Air 
Conditioning”. 

2.4 HOUSINGS 

A. Finish:  Manufacturer’s standard baked enamel applied to factory-
assembled and –tested propeller unit heaters before shipping. 

B. Airstream Surfaces:  Surfaces in contact with the airstream shall comply 
with requirements in ASHRAE 62.1. 

C. Discharge Louver:  Adjustable fin diffuser for horizontal units and conical 
diffuser for vertical units. 

2.5 COILS 

A. General Coil Requirements:  Test and rate hot water propeller unit heater 
coils according to ASHRAE 33. 

B. Electric-Resistance Heating Coil:  Nickel-chromium heating wire, free from 
expansion noise and 60-Hz hum, embedded in magnesium oxide refractory 
and sealed in steel or corrosion-resistant metallic sheath with fins no closer 
than 0.16 inch.  Element ends shall be enclosed in terminal box.  Fin 
surface temperature shall not exceed 550 deg. F at any point during normal 
operation.   

1. Circuit Protection:  One-time fuses in terminal box for over-current 
protection and limit controls for high-temperature protection of heaters. 

2. Wiring Terminations:  Stainless-steel or corrosion-resistant material. 

2.6 FAN AND MOTOR 

A. Fan:  Propeller type with aluminum wheel directly mounted on motor shaft in 
the fan venture. 

B. Motor:  Permanently lubricated, multi-speed.  Comply with requirements in 
Section 230513 “Common Motor Requirements for HVAC Equipment”. 

2.7 CONTROLS 
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A. Control devices: 

1. Unit or wall mounted with fan speed switch. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas to receive propeller unit heaters for compliance with 
requirements for installation tolerances and other conditions affecting 
performance of the Work. 

B. Examine roughing-in for electrical connections to verify actual locations 
before unit-heater installation. 

C. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 INSTALLATION 

A. Install propeller unit heaters to comply with NFPA 90A. 

B. Install propeller unit heaters level and plumb. 

C. Suspend propeller unit heaters from structure with all-thread hanger rods 
and elastomeric hangers.  Hanger rods and attachments to structure are 
specified in Section 230529 “Hangers and Supports for HVAC Piping and 
Equipment”.  Vibration hangers are specified in Section 230548.13 
“Vibration Controls for HVAC”. 

D. Install wall-mounted thermostats and switch controls in electrical outlet 
boxes at heights to match lighting controls.  Verify location of thermostats 
and other exposed control sensors with Drawings and room details before 
installation. 

3.3 CONNECTIONS 

A. Comply with safety requirements in UL 1995. 

B. Ground equipment according to Section 260526 “Grounding and Bonding 
for Electrical Systems”. 

C. Connect wiring according to Section 260519 “Low-Voltage Electrical Power 
Conductors and Cables”. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Operational Test:  After electrical circuitry has been energized, start 
units to confirm proper motor rotation and unit operation. 
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2. Operate electric heating elements through each stage to verify proper 
operation and electrical connections. 

3. Test and adjust controls and safety devices.  Replace damaged and 
malfunctioning controls and equipment. 

B. Units will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

3.5 ADJUSTING 

A. Adjust initial temperature set points. 

B. Occupancy Adjustments:  When requested within 12 months of date of 
Substantial Completion, provide on-site assistance in adjusting system to 
suit actual occupied conditions.  Provide up to two visits to Project during 
other-than-normal occupancy hours for this purpose. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner’s 

maintenance personnel to adjust, operate, and maintain propeller unit 
heaters.  

END OF SECTION 238239 
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SECTION 26 05 00

COMMON WORK RESULTS FOR ELECTRICAL

PART 1 - GENERAL

1.1 SUMMARY

A. Scope of Work

1. CONTRACTOR shall provide all labor, materials, equipment and incidentals

shown, specified, and required to complete the electrical Work.

2. Requirements in this section apply to all Division 26 sections.

B. Related Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the

Contract

2. Division 01 - General Requirements

3. Section 03 31 30 - Concrete, Materials, and Proportioning

4. Section 05 50 00 - Metal Fabrications

5. Section 09 91 00 - Painting and Protective Coatings

6. Section 10 14 00 - Identification Devices

7. Section 31 21 33 - Trenching, Backfilling, and Compacting for Utilities

C. Work included in this contract but specified elsewhere

1. Excavation and backfilling for buried electrical work shall conform to Section

31 21 33 “Trenching, Backfilling, and Compacting for Utilities”.

2. Concrete for pads, manholes, ductbanks, and conduit encasement shall

conform to Section 03 31 30 “Concrete, Materials, and Proportioning”.

3. Shop painting and surface preparation shall conform to Section 09 91 00

“Painting and Protective Coatings”.

1.2 MEASUREMENT AND PAYMENT (NOT USED)
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1.3 QUALITY ASSURANCE

A. Permits

1. Refer to the General Conditions and Supplementary Conditions for

responsibilities relative to obtaining and paying for Contractor’s permits,

licenses, and inspection fees.

B. Testing Laboratory Labels

1. Electrical material and equipment shall be new and bear the label of

Underwriters' Laboratories, Inc. or other nationally recognized, independent

testing laboratory, where standards have been established and label service

applies.

2. Where Underwriters Laboratories, Inc. (UL) test procedures have been

established for the product type, use UL or ETL Testing Laboratories (ETL)

approved electrical equipment and provide with the UL or ETL label.

C. Area Classifications

1. Materials, equipment, and incidentals shall conform to the area

classification(s) shown, specified, and required.

2. Wet Locations: Conform to NEC and NEMA requirements for wet locations.

Enclosures in wet locations shall meet NEMA 4 or 4X requirements unless

specified otherwise.

3. Corrosive Locations: Conform to NEC and NEMA requirements for corrosive

locations.  Enclosures in corrosive locations shall conform to NEMA 4X

requirements unless specified otherwise.

4. Hazardous Locations: Conform to NEC requirements for the Class and

Division designated.

5. Dusty Locations: Indoor areas not designated as hazardous, corrosive, or

wet are dusty locations.  Conform to NEC and NEMA 12 requirements

unless specified otherwise.

D. Utilities

1. Power Company: Perform Work in connection with the electric service and

utility metering in conformance with the requirements of Centerpoint Energy.
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E. Referenced Standards

1. Aluminum Association (AA).

2. American Iron and Steel Institute (AISI).

3. ASTM International (ASTM):

a. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on

Iron and Steel Products.

b. A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and

Steel Hardware.

4. ETL Testing Laboratories (ETL).

5. Institute of Electrical and Electronics Engineers, Inc. (IEEE):

a. C2, National Electrical Safety Code (NESC).

6. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

7. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).

8. Underwriters Laboratories, Inc. (UL).

1.4 DEFINITIONS

A. For the purposes of providing materials and installing electrical work the

following definitions shall be used.

1. Outdoor area:  Exterior locations where the equipment is normally exposed

to the weather and including below grade structures, such as vaults,

manholes, handholes and in-ground pump stations.

2. Architecturally finished interior area:  Offices, laboratories, conference

rooms, restrooms, corridors and other similar occupied spaces.

3. Non-architecturally finished interior area:  Pump, chemical, mechanical,

electrical rooms and other similar process type rooms.

4. Highly corrosive and corrosive area:  Areas identified on the Drawings

where there is a varying degree of spillage or splashing of corrosive

materials such as water, wastewater or chemical solutions; or chronic

exposure to corrosive, caustic or acidic agents, chemicals, chemical fumes

or chemical mixtures.

5. Hazardous areas:  Class I, II or III areas as defined in NFPA 70 (NEC).

6. Shop fabricated:  Manufactured or assembled equipment for which a UL test

procedure has not been established.
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1.5 SUBMITTALS

A. Shop Drawings

1. Comply with the requirements in Section 01 33 00 “Submittals”.

2. Submit Shop Drawings for each Section separately.

3. General requirements

a. Provide manufacturer's technical information on products to be used,

including product descriptive bulletin.

b. Include data sheets that include manufacturer's name and product model

number.

1) Clearly identify all optional accessories.

c. Acknowledgement that products are UL or ETL listed or are constructed

utilizing UL or ETL recognized components.

d. Manufacturer's delivery, storage, handling and installation instructions.

e. Product installation details.

f. See individual Sections for any additional requirements.

B. Operation and Maintenance Manuals

1. Comply with the requirements of Section 01 33 00 “Submittals” and Section

01 78 39 “Project Record Documents” for:

a. The mechanics and administration of the submittal process.

b. The content process of Operation and Maintenance Manuals.

C. Record Drawings

1. Furnish the following record documents for the electrical work:

a. System Record Drawings: Include the following:

1) Single-line wiring diagram of the distribution system.

2) Actual, in-place conduit and cable layouts with schedule of conduit

sizes and number, and size of conductors.

3) Layouts of the power and lighting arrangements and the grounding

system.

4) Control schematic diagrams, with terminal numbers and all control

devices identified, for all equipment.

b. Point-to-Point Interconnection Wiring Diagram Drawings: Include the

following:

1) External wiring for each piece of equipment, panel, instrument, and

other devices and wiring to control stations, lighting panels, and motor

controllers.
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2) Numbered terminal block identification for each wire termination.

3) Identification of the assigned wire numbers for all interconnections.

4) Identification of wiring by the conduit tag in which the wire is installed.

5) Terminal, junction, and pull boxes through which wiring is routed.

6) Identification of all equipment and the Shop Drawing transmittal

number for equipment from which the wiring requirements and

termination information was obtained.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Comply with the requirements of Section 01 65 50 “Product Delivery, Storage,

and Handling”.

B. Protect nameplates on electrical equipment to prevent defacing.

PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install and wire all equipment, including prepurchased equipment, and perform

all tests necessary to assure conformance to the Drawings and Specifications

and ensure that equipment is ready and safe for energization.

B. Install equipment in accordance with the requirements of:

1. NFPA 70 (NEC).

2. IEEE C2.

3. The manufacturer's instructions.

C. In general, conduit routing is not shown on the Drawings.

1. The Contractor is responsible for routing all conduits including those shown

on one-line and control block diagrams and home runs shown on floor plans.

2. Conduit routings and stub-up locations that are shown are approximate;

exact routing to be as required for equipment furnished and field conditions.

D. When complete branch circuiting is not shown on the Drawings:

1. A homerun indicating panelboard name and circuit number will be shown

and the circuit number will be shown adjacent to the additional devices (e.g.,

light fixture and receptacles) on the same circuit.
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2. The Contractor is to furnish and install all conduit and conductors required

for proper operation of the circuit.

3. The indicated home run conduit and conductor size shall be used for the

entire branch circuit.

4. See Section 26 05 19 “Wire and Cable: 600 Volt and Below” for combining

multiple branch circuits in a common conduit.

E. Do not use equipment that exceed dimensions or reduce clearances indicated

on the Drawings or as required by the NFPA 70 (NEC).

F. Install equipment plumb, square and true with construction features and

securely fastened.

G. Install electrical equipment, including pull and junction boxes, minimum of 6 IN

from process, gas, air and water piping and equipment.

H. Install equipment so it is readily accessible for operation and maintenance, is

not blocked or concealed and does not interfere with normal operating and

maintenance requirements of other equipment.

I. Device Mounting Schedule:

1. Unless indicated otherwise on the Drawings, mounting heights are as

indicated below:

a. Light switch (to center):  48 IN.

b. Receptacle in architecturally finished areas (to center):  18 IN.

c. Receptacle on exterior wall of building (to center):  18 IN.

d. Receptacle in non-architecturally finished areas (to center):  48 IN.

e. Telephone outlet in architecturally finished areas (to center):  18 IN.

f. Telephone outlet for wall-mounted phone (to center):  54 IN.

g. Safety switch (to center of operating handle):  54 IN.

h. Separately mounted motor starter (to center of operating handle):  54 IN.

i. Pushbutton or selector switch control station (to center):  48 IN.

j. Panelboard (to top):  72 IN.

J. Avoid interference of electrical equipment operation and maintenance with

structural members, building features and equipment of other trades.

1. When it is necessary to adjust the intended location of electrical equipment,

unless specifically dimensioned or detailed, the Contractor may make

adjustments in equipment locations in accordance with the following without

obtaining the Owner’s representative's approval:

a. 1 FT at grade, floor and roof level in any direction in the horizontal plane.

b. 1 FT for equipment other than lighting at ceiling level in any direction in

the horizontal plane.
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c. 1 FT for lighting fixtures at ceiling level in any direction in the horizontal

plane No change in location of lighting fixtures is permitted.

d. 1 FT on walls in a horizontal direction within the vertical plane.

e. Changes in equipment location exceeding those defined above require

the Owner’s representative's approval.

K. Provide electrical equipment support system per the following area

designations:

1. Dry areas:

a. Galvanized system consisting of galvanized steel channels and fittings,

nuts and hardware.

b. Aluminum system consisting of aluminum channels and fittings with

stainless steel nuts and hardware.

c. Field touch-up cut ends and scratches of galvanized components with

the specified primer during the installation, before rust appears.

2. Wet areas:

a. Galvanized system consisting of galvanized steel channels and fittings,

nuts and hardware.

b. Aluminum system consisting of aluminum channels and fittings with

stainless steel nuts and hardware.

c. Field touch-up cut ends and scratches of galvanized components with

the specified primer during the installation, before rust appears.

3. Corrosive areas Indoors:

a. Fiberglass system consisting of fiberglass channels and fittings, nuts and

hardware and.

4. Corrosive areas Outdoors:

a. Stainless steel system consisting of stainless steel channels and fittings,

nuts and hardware.

b. PVC Schedule 80 channels and fittings with stainless steel nuts and

hardware.

c. Fiberglass system consisting of fiberglass channels and fittings, nuts and

hardware and.

5. Highly corrosive areas:

a. PVC coated steel system consisting of PVC coated steel channels and

fittings with stainless steel nuts and hardware.

b. Fiberglass system consisting of fiberglass channels and fittings, nuts and

hardware.
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L. Provide all necessary anchoring devices and supports rated for the equipment

load based on dimensions and weights verified from approved submittals, or as

recommended by the manufacturer.

1. Comply with the requirements of Section 05 50 00 “Metal Fabrications”.

2. Do not cut, or weld to, building structural members.

3. Do not mount safety switches or other equipment to equipment enclosures,

unless enclosure mounting surface is properly braced to accept mounting of

external equipment.

M. Provide corrosion resistant spacers to maintain 1/4 IN separation between

metallic equipment and/or metallic equipment supports and mounting surface in

wet areas, on below grade walls and on walls of liquid containment or processing

areas such as Basins, Clarifiers, Digesters, Reservoirs, etc.

N. Do not place equipment fabricated from aluminum in direct contact with earth or

concrete.

O. Screen or seal all openings into equipment mounted outdoors to prevent the

entrance of rodents and insects.

P. Do not use materials that may cause the walls or roof of a building to discolor or

rust.

Q. Identify electrical equipment and components in accordance with Section

10 14 00 “Identification Devices”.

3.2 FIELD QUALITY CONTROL

A. Verify exact rough-in location and dimensions for connection to electrified

equipment provided by others.

1. See Section 01 73 20 “Openings and Penetrations in Construction” for

openings and penetrations in structures.

B. Replace equipment and systems found inoperative or defective and re-test.

C. Cleaning

1. Comply with the requirements of Section 01 74 13 “Cleaning”.

D. The protective coating integrity of support structures and equipment enclosures

shall be maintained.

1. Comply with the requirements of Section 26 05 33 “Raceways and Boxes”.

2. Repair galvanized components utilizing a zinc rich paint.

3. Repair painted components utilizing touch up paint provided by or approved

by the manufacturer.
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4. Repair PVC coated components utilizing a patching compound, of the same

material as the coating, provided by the manufacturer of the component.

5. Repair surfaces which will be inaccessible after installation prior to

installation.

E. Replace nameplates damaged during installation.

3.3 DEMONSTRATION

A. Comply with the requirements of Section 01 75 00 “Facility Start Up”.

END OF SECTION
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SECTION 26 05 01

FACILITIES FOR CENTERPOINT ENERGY’S USE

PART 1 - GENERAL

1.1 Section Includes:

A. Terms and Conditions requirements for facilities constructed for

CenterPoint Energy’s use.

B. A Terms and Conditions (T&C) document is attached to this Specification

for the WCHRWA Central Pump Station at 4655 Fry Road.    The

CenterPoint Energy service requirements are indicated in the attached

T&C documents. CenterPoint Energy may issue a revised T&C document

for this location to match that which is in the bid documents.  The T&C

document has dimensioned lengths for CenterPoint Energy equipment.

These dimensioned lengths may not be accurate.  The Contractor is

responsible for installing and coordinating with CenterPoint Energy as

indicated on the attachments and in the bid documents. All money

required by CenterPoint Energy will be provided by the contractor.

1.2 CLARIFICATION TO CENTERPOINT ENERGY TERMS AND CONDITIONS

DOCUMENT

A. In “General” CenterPoint Energy contact is Urbano Anzaldua.

(281) 391-5150.

1.3 CENTERPOINT ENERGY INSPECTIONS

A. All facilities constructed for CenterPoint Energy’s use must be inspected

by CenterPoint Energy.  See the CenterPoint Energy Terms and

Conditions documents attached to this specification for specifics.
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1.4 MEASUREMENT AND PAYMENT

A. No separate payment will be provided for work performed under this

Section.  Include the cost for this work in the lump sum base bid.

B. Refer to Section 01 29 02 – Measurement and Payment.

PART 2 - PRODUCTS

2.1 PVC CONDUIT

A. CenterPoint Energy’s Terms and Conditions document indicates the

minimum grade of PVC conduit to be used is Type EB.  Type EB PVC

conduit is not allowed on this project.  Use Schedule 40 PVC conduit in

CenterPoint Energy duct banks.

PART 3 - EXECUTION (NOT USED)

END OF SECTION



SERVICE OUTLET LOCATION AND DATA STATEMENT 
FOR ELECTRIC SERVICE

Dear Customer, 

         CenterPoint Energy Houston Electric, LLC is grateful to meet with you on,                                      to discuss the requirements needed    
to provide you electric service. DATE

10-30-2018

CNP 79 (11-2016) Page 1 of 3

The following steps must be completed prior to meter installation:

Installation of meter pole or weather head (as located on sketch)

Obtain city or county permit - For contact information, call 713-207-2222 or 1-800-332-7143, or visit the website http://

www.centerpointenergy.com/houston/builders

Obtain an ESI ID# for your account - Either you the customer or your Competitive Retailer can get this number by calling 
713-207-2222 or 1-800-332-7143

Choose a Competitive Retailer - For listing, visit the website http://www.powertochoose.org or call 1-866-PWR-4-
TEX(1-866-797-4839)

NOYES

     CenterPoint Energy Houston Electric, LLC's target completion date to provide your construction requirements, per the working sketch, 
is a mutually agreed upon negotiated date by CenterPoint Energy and customer. Please be aware our ability to meet the target completion 
date may be affected by weather, availability of construction crews and materials, ability to secure easements, and timely completion of your 

requirements (see above). In addition, as a condition to this service, you agree to comply with all of CenterPoint Energy standards, 

the National Electrical Code, the National Safety Code, all Occupational Safety and (OSHA) requirements, the International Building 

code and all local governing body codes.

APPLICABLE FORMS

Will Customer have Motor Greater than 
250 HP?

Will Customer have Back-up Generation?

Power Quality

Primary Meter

Motor Start

Emergency Generation

Distributed Generation

Major UG Checklist

NOYES
We appreciate the opportunity to do business with you and look 
forward to the successful completion of this project. Your signature 
below insures that both parties understand the requirements toward 
completion that will allow you electrical service. Thanks for your 
cooperation in this matter. 

Sincerely, 

Service Consultant

CUSTOMER'S SIGNATURE

DATECUSTOMER'S PRINTED NAME

SERVICE CONSULTANT

Urbano Anzaldua Jr
PHONE NUMBER

(281) 391-5150

ADDRESS

5431 Hwy Blvd, Katy, TX 77492

E-MAIL ADDRESS

urbano.anzalduajr@centerpointenergy.com

To begin the process we request that you provide the following information:

Pay any up-front contributions for non-standard service 

$

Clear trees along extension route

Easement charges $

Easement execution

YES NO

43,770.00

Site Plan and Elevation Plan: Hard Copies

Site Plan: Electronic Copy with XY Coordinates

One Line Diagram

Load Analysis

Easements Required-Recorded Warranty Deed Required 

Specifications on Modular Metering Enclosure.

●  CenterPoint Energy Construction Required? 

●  The following steps must be complete prior to construction:

CUSTOMER

City Houston, Houston Public Works - West Harris County Regional Water Authority
DAY PHONE

SERVICE ADDRESS

4655 Fry Rd, Katy, TX
EVENING PHONE

MAILING ADDRESS PAGER

ELECTRICIAN

Chuck Troutt
CELL PHONE

(281) 646-7666

ation in this matter. 

y, 

Consultantnt

CUSTOMER'S SIGNATURE

CUSTOMER'S PRINTED NAME DATE



SERVICE TYPEGENERAL SERVICE

CT CAN TYPE CONDUITS ON POLE For Information Regarding: 
 

CenterPoint Energy service standards visit 
 

www.centerpointenergy.com/electricservicestandards 
 

or 
 
 

For Gas service call 
(713) 659-2111

=

Volts

1Ø 3W  120/208

1Ø 3W  120/240

3Ø 4W     240V

3Ø 4W  Y  120/208V

3Ø 4W  Y  277/480V*     *10 X 26 PT can mounted on 480V Service?

3Ø 3W     480V*             *1-1/4" conduit connecting CT & PT can run?

Primary Metering Job

Major UG Job

Other:  (Explain)

FT2
All Electric Gas & Electric

Size Wire Pulled

Cust's Load 1 Ø +3 Ø   11,250 Total KVA 11,250

Fault Current:  Initial Ultimate

Amperes RMS Symmetrical at      35kv

320 Amp (self contained)

30 X 42

Bus Head Outdoor

Bus Head with CT Can

Stainless Steel Rack

Primary Job

Size of Conduit

No. of Conduits

COMMENTS OR NOTES

CNP to acquire easement and install (two) three phase line extensions inside property with primary metering. Customer will comply with 
all CNP standards and all applicable NEC requirements.

ILLUSTRATION

LEGEND
    X 

    O 

 

- - - -

Proposed Pole 

Existing Pole 

Meter Pole 

Proposed Wire
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* see attached sketch *



SECTION 005. RESTRICTION ON OPERATION OF MACHINERY AND 
PLACEMENT OF STRUCTURES NEAR LINES 

   Unless a person, firm, corporation, or association effectively guards 
against danger by contact with the line as prescribed by Section 752.003, 
the person, firm, corporation, or association, either individually or through an 
agent or employee, may not: 
    (1)  erect, install, transport, or store all or any part of a house, building, or 
other structure within six feet of a high voltage overhead line; 
    (2)  install, operate, transport, handle, or store all or any part of a tool, 
machine, or equipment within six feet of a high voltage overhead line; or 
    (3)  transport, handle, or store all or any part of supplies or materials 
within six feet of a high voltage overhead line. 
  
SECTION 006. RESTRICTION ON OPERATION OF CERTAIN 
MACHINERY OR EQUIPMENT 

   (A)  A person, firm, corporation, or association, individually, through an 
agent or employee, or as an agent or employee, may not operate a crane, 
derrick, power shovel, drilling rig, hayloader, haystacker, mechanical cotton 
picker, pile driver, hoisting equipment, or similar apparatus any part of which 
is capable of vertical, lateral, or swinging motion unless: 
          (1)  a warning sign is posted and maintained as prescribed by 
Subsections (B) and (C); 
          (2)  an insulated cage-type guard or protective device is installed 
about the boom or arm of the equipment, except a backhoe or dipper; and 
          (3)  each lifting line, if the equipment includes a lifting hook device, is 
equipped with an insulator link on the lift hook connection. 
    (B)  The warning sign required by Subsection (A) (1) must be a weather-
resistant sign of not less than five inches by seven inches with a yellow 
background and black lettering that reads: 
"WARNING -- UNLAWFUL TO OPERATE THIS EQUIPMENT WITHIN TEN 
FEET OF HIGH VOLTAGE LINES." 
    (C)  The warning sign must be legible at 12 feet and placed: 
           (1) within the equipment so that it is readily visible to the equipment 
operator while at the equipment controls; and 
           (2)  on the outside of the equipment in the number and location 
necessary to make it readily visible to a mechanic or other person engaged 
in the work. 
    (D)  Notwithstanding the distance limitations prescribed by Sections 
752.004 and 752.005, unless a person, firm, corporation, or association 
effectively guards against danger by contact with the line as prescribed by 
Section 752.003, the person, firm, corporation, or association may not 
operate all or any part of a machine or equipment described by this section 
within 10 feet of a high voltage overhead line. 
  
SECTION 007. CRIMINAL PENALTY 

   (A)  A person, firm, corporation, or association or an agent or employee of 
a person, firm, corporation, or association commits an offense if the person, 
firm, corporation, association, agent, or employee violates this chapter. 
    (B)  An offense under this section is punishable by a fine of not less than 
$100 or more than $1,000, confinement in jail for not more than one year, or 
both. 
  
SECTION 008. LIABILITY FOR DAMAGES 

   If a violation of this chapter results in physical or electrical contact with a 
high voltage overhead line, the person, firm, corporation, or association that 
committed the violation is liable to the owner or operator of the line for all 
damages to the facilities and for all liability that the owner or operator incurs 
as a result of the contact. 
   
    Acts 1989, 71st Leg., ch. 678, ][ 1, eff. Sept. 1, 1989 
    Prior Laws: 
    Acts 1971, 62nd Leg., p. 76, ch. 41. 
    Vernon's Ann. Civ. St. art. 1436c, ][ 7(B). 
   
    This is only a part of the entire act. The complete act is available for 
review. 
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TEXAS LAW AN ACT 
TEXAS HEALTH AND SAFETY CODE TITLE 9 
    CHAPTER 752 - Safety of persons engaged in activities in proximity of high 
voltage electric lines; restrictions 
  
SECTION 001. DEFINITIONS 
    (1)  "High voltage" means more than 600 volts measured between 
conductors or between a conductor and the ground. 
    (2)  "Overhead line" means a bare or insulated electric conductor installed 
above ground but does not include a conductor that is de-energized and 
grounded or that is enclosed in a rigid metallic conduit. 
  
SECTION 002. EXEMPTION FOR CERTAIN EMPLOYEES AND 
ACTIVITIES 
    (A)  This chapter does not apply to the construction, reconstruction, 
operation, or maintenance by an authorized person of overhead electrical or 
communication circuits or conductors and their supporting structures and 
associated equipment that are part of a rail transportation system, an 
electrical generating, transmission, or distribution system or a communication 
system. 
    (B)  In this section, "authorized person" means: 
           (1)  an employee of a light and power company, an electric 
cooperative, or a municipality working on his employer's electrical system; 
           (2)  an employee of a transportation system working on the system's 
electrical circuits; 
           (3)  an employee of a communication utility; 
           (4)  an employee of a state, county, or municipal agency that has 
authorized circuit construction on the poles or structures that belong to an 
electric power company, an electric cooperative, a municipal or transportation 
system, or a communication system; 
          (5)  an employee of an industrial plant who works on the plant's 
electrical system; or 
          (6)  an employee of an electrical or communications contractor who is 
working under the contractor's supervision. 
  
SECTION 003.  TEMPORARY CLEARANCE OF LINES 
    (A)  A person, firm, corporation, or association responsible for temporary 
work or a temporary activity or function closer to a high voltage overhead line 
than the distances prescribed by this chapter must notify the operator of the 
line at least 48 hours before the work begins. 
    (B)  A person, firm, corporation, or association may not begin the work, 
activity, or function under this section until the person, firm, corporation, or 
association responsible for the work, activity, or function and the owner or 
operator, or both, of the high voltage overhead line have negotiated a 
satisfactory mutual arrangement to provide temporary de-energization and 
grounding, temporary relocation or raising of the line, or temporary 
mechanical barriers to separate and prevent contact between the line and the 
material or equipment or the person performing the work, activity or function. 
    (C)  The person, firm, corporation, or association responsible  for the work, 
activity, or function shall pay the operator of the high voltage overhead line 
the actual expense incurred by the operator in providing the clearance 
prescribed in the agreement. The operator may require payment in advance 
and is not required to provide the clearance until the person, firm, corporation, 
or association responsible for the work, activity, or function makes the 
payment. 
    (D)  If the actual expense of providing the clearance is less than the 
amount paid, the operator of  the high voltage overhead line shall refund the 
surplus amount. 
  
SECTION 004. RESTRICTION ON ALL ACTIVITIES NEAR LINES 
    (A)  Unless a person, firm, corporation, or association effectively guards 
against danger by contact with the line as prescribed by Section 752.003, the 
person, firm, corporation, or association, either individually or through an 
agent or employee, may not perform a function or activity on land, a building, 
a highway, or other premises if at any time it is possible that the person 
performing the function or activity may: 
          (1)  move or be placed within six feet of a high voltage overhead line 
while performing the function or activity; or 
         (2)  bring any part of a tool, equipment, machine, or material within six 
feet of a high voltage overhead line while performing the function or activity. 
    (B)  A person, firm, corporation, or association may not require an 
employee to perform a function or activity prohibited by Subsection (A). 
   
 

FORM





This Facilities Extension Agreement is entered into by and  between ______________________ 
________________________________________________________________________, herein 
called "Retail Customer" and CenterPoint Energy Houston Electric, LLC, herein called 
"Company" (hereinafter referred to as Agreement) for the construction, extension, installation, 
modification, repair, upgrade, conversion, relocation, de-energization or removal of Company's 
Delivery System, including temporary facilities (hereinafter referred to as facilities extension or 
extension), as described herein.

AGREEMENTS AND FORMS

FACILITIES EXTENSION AGREEMENT

6.3

6.3.1

City Houston, Houston Public Works - West Harris County Regional Water Authority

Sheet No. 6.24 
Page 1 of 2

CNP 8038

Revision Number: 5th Effective: 9/1/11

This Agreement covers the facilities extension to Retail Customer location at________________ 
______________________________________________________________________________4655 Fry Rd, Katy, TX

The Company agrees to accept payment of ____________________________________ Dollars 
to be paid by the Retail Customer, as a Non-Refundable Construction Payment in connection 
with the Retail Customer request to extend Company facilities to the above described location as 
follows:

                        $43,770

CNP charges for easement generation and non-standard three phase line extension.

Chapter 6: Company Specific Items

CenterPoint Energy Houston Electric, LLC 
Applicable: Entire Service Area

In consideration of said Non-Refundable Payment, to be paid to Company by Retail Customer 
prior to commencement of construction, Company agrees to install and operate lines and 
equipment necessary to distribute electric service to the identified location under the following 
General Conditions:

   �   Company shall at all times have title to and complete ownership and control over 
facilities installed by Company.

Retail Customer must make satisfactory payment arrangements (if payment is required to 
extend Company facilities) and sign and return this Agreement before Company can 
proceed with the requested extension.

   �   

306

Unless otherwise stated by Company in writing, the Non-Refundable Construction 
Payment amount above is valid for twelve months.

   �   



CNP 8038

CenterPoint Energy Houston Electric, LLC

CenterPoint Energy Houston Electric, LLC 
Applicable: Entire Service Area

Nothing herein contained within this Agreement shall be construed as a waiver or relinquishment 
by Company of any right that it has or may hereafter have to discontinue service for or on 
account of default in the payment of any bill owing or to become owing thereafter for any other 
reason or cause stated in Company's Tariff.

This Agreement shall not be binding upon Company unless and until it is signed by an 
authorized representative of the Company.

(name printed or typed)

Retail Customer

Date

Title

By

(name printed or typed)

By

Title

Date

                  Urbano Anzaldua Jr.

Service Consultant

10/30/2018

City Houston, Houston Public Works 

Extension of service facilities is contingent on acquisition of all necessary easements and 
rights of way.

   �   

Chapter 6: Company Specific Items Sheet No. 6.24 
Page 2 of 2

Revision Number: 5th Effective: 9/1/11
307

Date

Title

(name printed or typed)

By



This Facilities Extension Agreement is entered into by and  between ______________________ 
________________________________________________________________________, herein 
called "Retail Customer" and CenterPoint Energy Houston Electric, LLC, herein called 
"Company" (hereinafter referred to as Agreement) for the construction, extension, installation, 
modification, repair, upgrade, conversion, relocation, de-energization or removal of Company's 
Delivery System, including temporary facilities (hereinafter referred to as facilities extension or 
extension), as described herein.

AGREEMENTS AND FORMS

FACILITIES EXTENSION AGREEMENT

6.3

6.3.1

City Houston, Houston Public Works - West Harris County Regional Water Authority

Sheet No. 6.24 
Page 1 of 2

CNP 8038

Revision Number: 5th Effective: 9/1/11

This Agreement covers the facilities extension to Retail Customer location at________________ 
______________________________________________________________________________4655 Fry Rd, Katy, TX

The Company agrees to accept payment of ____________________________________ Dollars 
to be paid by the Retail Customer, as a Non-Refundable Construction Payment in connection 
with the Retail Customer request to extend Company facilities to the above described location as 
follows:

                        $9,632

CNP charges for relocation of switch pole.

Chapter 6: Company Specific Items

CenterPoint Energy Houston Electric, LLC 
Applicable: Entire Service Area

In consideration of said Non-Refundable Payment, to be paid to Company by Retail Customer 
prior to commencement of construction, Company agrees to install and operate lines and 
equipment necessary to distribute electric service to the identified location under the following 
General Conditions:

   �   Company shall at all times have title to and complete ownership and control over 
facilities installed by Company.

Retail Customer must make satisfactory payment arrangements (if payment is required to 
extend Company facilities) and sign and return this Agreement before Company can 
proceed with the requested extension.

   �   

306

Unless otherwise stated by Company in writing, the Non-Refundable Construction 
Payment amount above is valid for twelve months.

   �   



CNP 8038

CenterPoint Energy Houston Electric, LLC

CenterPoint Energy Houston Electric, LLC 
Applicable: Entire Service Area

Nothing herein contained within this Agreement shall be construed as a waiver or relinquishment 
by Company of any right that it has or may hereafter have to discontinue service for or on 
account of default in the payment of any bill owing or to become owing thereafter for any other 
reason or cause stated in Company's Tariff.

This Agreement shall not be binding upon Company unless and until it is signed by an 
authorized representative of the Company.

(name printed or typed)

Retail Customer

Date

Title

By

(name printed or typed)

By

Title

Date

                  Urbano Anzaldua Jr.

Service Consultant

10/30/2018

City Houston, Houston Public Works 

Extension of service facilities is contingent on acquisition of all necessary easements and 
rights of way.

   �   

Chapter 6: Company Specific Items Sheet No. 6.24 
Page 2 of 2

Revision Number: 5th Effective: 9/1/11
307

Date

Title

(name printed or typed)

By
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SECTION 26 05 09 

MOTORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes 

1. Horizontal and vertical induction motors. 

a. Submersible type motors are covered under Section 40 05 05. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 

Contract. 

2. Division 01 - General Requirements. 

3. Section 01 25 13 – Product Substitutions 

4. Section 01 33 00 – Submittals. 

5. Section 01 65 50 – Product Delivery, Storage, and Handling. 

6. Section 26 05 26 - Grounding. 

7. Section 26 08 13 - Acceptance Testing. 

8. Section 26 10 10 - Medium-Voltage Motors 

9. Section 26 13 26 - Adjustable Frequency Drives: Medium Voltage  

10. Section 40 05 05 - Equipment:  Basic Requirements. 

11. Section 40 91 19 - Vibration Monitoring Systems 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price. No separate payment will be made for this item.  Include the cost 
in associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price 
Contract, payment for Work in this Section is included in total 
Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards 

1. American Bearing Manufacturers Association (ABMA). 

2. Institute of Electrical and Electronics Engineers, Inc. (IEEE) 
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a. 43, Recommended Practice for Testing Resistance of Rotating 

Machinery. 

b. 841, Standard for Petroleum and Chemical Industry - Premium- 

Efficiency, Severe-Duty, Totally-Enclosed Fan-Cooled (TEFC) Squirrel 

Cage Induction Motors - Up to and Including 370 KW (500 HP). 

3. National Electrical Manufacturers Association (NEMA) 

a. MG 1, Motors and Generators. 

4. National Fire Protection Association (NFPA) 

a. 70, National Electrical Code (NEC). 

5. Underwriters Laboratories (UL) 

a. 1836, Outline of Investigation:  Electric Motors and Generators for Use in 

Class I, Division 2 and Class II, Division 2 Hazardous (Classified) 

Locations. 

B. Miscellaneous 

1. When motors are furnished with driven equipment, the driven equipment 

supplier shall be responsible for assembling the motor and driven equipment 

as a complete unit, correctly aligned and coupled with the coupling or sheave 

specified on the driven equipment data sheet, and designing for vibration, 

special, or unbalanced forces resulting from equipment operation. 

a. See Section 40 05 05 for requirements. 

2. Variable speed equipment applications:  The driven equipment manufacturer 

shall have source responsibility for coordination of the equipment and AFD 

system or reduced voltage starter system and ensure their compatibility. 

1.4 DEFINITIONS 

A. Terms 

1. Inverter Duty Motor – An AC induction motor complying with all requirements 

of NEMA MG 1 Part 31 for definite-purpose inverter-fed motors. 

B. Abbreviations 

1. DPFG - Drip Proof Fully Guarded. 

2. ODP - Open Drip proof. 

3. RTD - Resistance Temperature Detector. 

4. TEFC - Totally Enclosed Fan Cooled. 

5. TENV - Totally Enclosed Non-ventilated. 



WHCRWA  

CENTRAL PUMP STATION MOTORS 

 
 

WHCRWA CENTRAL PUMP STATION 
MOTORS 

26 05 09 - 3 OF 12 

6. WP-I - Weather Protected Type I. 

7. WP-II - Weather Protected Type II. 

8. Motor controllers 

a. FVNR - Full Voltage Non-Reversing. 

b. RVSS - Reduced Voltage Solid State. 

c. AFD - Adjustable Frequency Drive. 

1.5 SUBMITTALS 

A. Shop Drawings 

1. See Section 01 33 00 for requirements for the mechanics and administration 

of the submittal process. 

2. Product technical data 

a. Identify each motor by driven machine identification. 

b. Motor manufacturer and model number 

c. Complete motor nameplate data. 

d. Weight 

e. NEMA design type 

f. Enclosure type 

g. Frame size 

h. Winding insulation class, temperature rise and type of application. 

i. Starts per hour 

j. Performance data 

1) Motor speed-torque curve superimposed over driven machine 

speed- torque curve during start-up acceleration and at rated 

terminal voltage and minimum permissible or specified terminal 

voltage for all motors over 100 HP. 

2) Time-current plots with acceleration verses current and thermal 

damage curves at the operating and ambient temperatures and at 

rated terminal voltage and minimum permissible or specified terminal 

voltage for all motors over 100 HP. 

3) Guaranteed minimum efficiencies at 100 percent, 75 percent and 50 

percent of full load. 

4) Guaranteed minimum power factor at 100 percent, 75 percent and 

50 percent of full load. 

5) Locked rotor and full load current at rated terminal voltage and 

minimum permissible or specified terminal voltage. 

6) Starting, full load and breakdown torque at rated terminal voltage and 

minimum permissible or specified terminal voltage. 
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7) Hot and cold stall time damage points all motors over 100 HP. 

k. Bearing data and lubrication system 

l. Thermal protection system including recommended alarm and trip 

settings for winding and bearing RTDs. 

m. Recommended size of power factor correction capacitors to improve 

power factor to 0.95 lagging when operated at full load. 

3. Fabrication and/or layout drawings 

a. Dimensioned outline Drawing. 

b. Connection diagrams including accessories (strip heaters, thermal 

protection, etc.). 

4. Certifications 

a. When utilized with a reduced voltage starter or AFD, certify that motor 

and driven equipment are compatible. 

b. Include minimum speed for motor to operate machinery. 

5. Test reports 

a. Motor test reports for all testing required in this Section. 

B. Operation and Maintenance Manuals 

1. See Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

2. Installation instructions. 

3. Operation and maintenance instructions. 

4. Recommended spare parts list. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. See Section 01 65 50. 

B. Protect equipment during shipment, handling, and storage by suitable boxes, 

crates, or other complete enclosures. 

1. Protect equipment from exposure to elements and keep thoroughly dry. 

C. Protect painted surfaces against impact, abrasion, discoloration, and other 

damage. 

1. Repaint damaged painted surfaces to satisfaction of Engineer. 

D. Store all motors in a clean and dry indoor location until final installation. 
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E. Where space heaters are provided in motors, provide temporary electrical power 

and operate heaters during storage and after motors are installed in permanent 

location until equipment is placed in service. 

F. For storage longer than one (1) month, see manufacturer’s storage instructions. 

1.7 SITE CONDITIONS 

A. Ambient air temperature: 104ºF. 

B. Altitude: 210 feet above sea level. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following manufacturers 

are acceptable: 

1. Tetco 

2. Baldor 

3. General Electric 

4. Marathon 

5. Rockwell - Reliance 

6. Siemens 

7. TECO-Westinghouse 

8. Toshiba U.S. 

9. U.S. Electrical Motors 

10. WEG 

B. Submit request for substitution in accordance with Section 01 25 13 “Product 

Substitutions”. 

2.2 EQUIPMENT 

A. General Requirements 

1. Standards: NEMA MG 1. 

2. Identify each motor by the driven machine identification. 

3. An embossed or engraved stainless steel nameplate, with the required NEC 

and NEMA data, to be permanently attached to the motor. 

4. Maximum motor loading shall not exceed motor nameplate horsepower 

rating, exclusive of service factor. 
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5. All motors shall be sized to carry continuously all loads, which may be 

imposed through their full range of operation. 

6. Altitude: For applications above 3300 FT, motors to be specifically designed 

and certified for operation at the specified altitude. 

7. NEMA MG 1, Design B (unless otherwise required), constant speed squirrel- 

cage induction type having normal starting torque with low starting current. 

8. Suitable for the starting method indicated (e.g., full voltage, autotransformer, 

solid state reduced voltage, AFD, etc.). 

9. Where frequent starting occurs, design for frequent starting duty equivalent 

to duty service required by driven equipment. 

10. Lifting devices: Motors weighing 265 LBS or more shall have suitable lifting 

eyes for installation and removal. 

11.  Grounding 

a. Lug suitable to terminate ground wire in terminal box, sized as indicated 

on the Drawings. 

b. Frame ground pad on medium voltage induction motors. 

12. Stator windings: Copper. 

13. Rotor cage:  Aluminum or copper. 

14. Motor leads shall be non-wicking with permanent identifiers. Install crimp lugs 

on 10 HP and larger motors. 

15. Totally enclosed motor to have one-way breather drains. 

16. Efficiency 

a. Meet NEMA MG 1 (NEMA Premium) efficiencies. 

b. If motor type, horsepower or speed is not included in the NEMA 

requirements for NEMA Premium, provide manufacturers "premium 

energy efficient" design. 

17. Power factor 

a. Minimum of 80 percent lagging at full load, except on motors with speed 

slower than 900 RPM. 

b. Power factor correction capacitors to be utilized when indicated on the 

Drawings. 

18. Service factor 

a. 100 HP or less: 1.15. 

b. Greater than 100 HP:  1.15 unless noted otherwise. 

c. Inverter duty: 1.0. 

19. Standards: NEMA MG 1, UL 674, UL 1836. 

20. Motor enclosure and winding insulation application: 
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a. The following shall apply unless modified by specific equipment 

Sections: 

 

MOTOR LOCATION MOTOR ENCLOSURE / WINDING INSULATION 

Unclassified Indoor Areas DPFG (for horizontal 

motors) Wet indoor Areas TEFC, Standard Insulation 

Wet outdoor Areas TEFC, Extra Dip and Bake for 

Moisture Corrosive Areas TEFC, Severe/ Chemical Duty 

Class I, Division 1 Areas Explosion Proof, Approved for Class I Division 1 
     Locations 

Class II, Division 1 Areas Explosion Proof, Approved for Class II Division 1 
 Locations  

 

NOTE: Provide TENV motors in the smaller horsepower ratings where TEFC is not 
available. 

2.3 FRACTIONAL INDUCTION MOTORS 

A. Electrical Ratings 

1. Appropriate for the voltage system indicated, single phase, 60 Hz. 

2. Dual voltage rated motors (e.g., 115/230 VAC) are acceptable, provided all 

leads are brought out to the terminal box and permanently marked. 

B. Enclosure: TENV or TEFC, rolled steel enclosure permitted. 

C. Bearings: Lubricated-for-Life ball bearings 

D. Insulation:  Class F insulation with temperature rise not to exceed the insulation 

class. 

E. Thermal Protection:  Integral manual or automatic reset thermal protector. 

2.4 INDUCTION MOTORS, 600 VOLT AND LESS 

A. Horizontal Shaft 

1. Electrical rating 

a. Appropriate for the voltage system indicated, 3 PH, 60 Hz. 

b. Dual voltage rated motors (e.g., 230/460 VAC) are acceptable, provided 

all leads are brought out to the terminal box and permanently marked. 

2. Terminal box 

a. Gasketed. 



 WHCRWA 

MOTORS CENTRAL PUMP STATION       

 
 

WHCRWA CENTRAL PUMP STATION 
MOTORS 

26 05 09 - 8 OF 12 

b. Diagonally split. 

c. Field adjustable in 90-degree increments. 

d. Oversized to accept the required conductors and conduits. 

e. Two times NEMA volume for 200 HP motors and larger 

f. NEMA Type 2 terminal box. 

g. Separate terminal box with terminal blocks for winding thermal protection 

devices (RTD and thermocouples). 

3. Bearings 

a. 5 HP and less: Lubricated-for-Life ball bearings. 

b. Greater than 5 HP 

1) Relubricatable. 

2) Antifriction. 

3) Minimum rated ABMA L-10 life of 10 years or 100,000 HRS. 

c. Install IP55 bearing isolators on horizontal motors 50 HP and larger. 

4. Insulation 

a. Class F insulation with Class B temperature rise at nameplate HP. 

b. Dipped and baked with non-hydroscopic varnish or epoxy or two cycles 

of vacuum pressure impregnated (VPI) with epoxy resin. 

5. Accessories:  See the Drawings. 

6. Modifications 

a. Inverter duty 

1) At a minimum, applied to motors connected to an AFD. 

2) Windings insulated for 1600 peak volts and voltage rise times of 0.1 

microseconds. 

3) Nameplate identification of meeting NEMA MG 1 Part 31 

requirements. 

4) Have the following minimum turndown ratio without the use of a 

blower to provide continuous supply of cooling air over the motor. 

a) Variable torque: 10:1. 
b) Constant torque: 6:1. 

b. Severe duty 

1) Standard: IEEE 841. 

2) All cast iron enclosure. 

3) Terminal box threaded and gasketed. 

4) Internal and external epoxy base paint system. 

5) Drain and breather. 
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B. Vertical Solid or Hollow Shaft 

1. Electrical rating 

a. Appropriate for the voltage system indicated, 3 PH, 60 Hz. 

b. Dual voltage rated motors (e.g., 230/460 V) are acceptable, provided all 

leads are brought out to the terminal box and permanently marked. 

2. Terminal box 

a. Gasketed. 

b. Diagonally split. 

c. Oversized to accept the required conductors and conduits. 

d. Two times NEMA volume for 200 HP motors and larger 

e. NEMA Type 2 terminal box 

f. Separate terminal box with terminal blocks for winding thermal protection 

devices. 

3. Bearings (Solid Shaft) 

a. Relubricatable. 

b. Antifriction. 

c. Minimum rated AMBA L-10 life of 10 years or 100,000 HRS. 

4. Bearings (Hollow Shaft) 

a. Relubricatable. 

b. Antifriction. 

c. Oil or grease lubricated thrust bearings. 

d. Grease lubricated guide bearings. 

e. Minimum rated ABMA L-10 life of 10 years or 100,000 HRS. 

5. Non-reverse ratchets. 

6. Insulation 

a. Class F insulation with Class B temperature rise at nameplate HP. 

b. Dipped and baked with non-hydroscopic varnish or epoxy or two cycles 

of vacuum pressure impregnated (VPI) with epoxy resin. 

7. Accessories:  See the Drawings. 

8. Modifications 

a. Inverter duty 

1) At a minimum, applied to motors connected to an AFD. 

2) Windings insulated for 1600 peak volts and voltage rise times of 0.1 

microseconds. 

3) Nameplate identification of meeting NEMA MG 1 Part 31 

requirements. 
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4) Have the following minimum turndown ratio without the use of a 

blower to provide continuous supply of cooling air over the motor. 

a) Variable torque: 10:1. 
b) Constant torque: 6:1. 

5) For motors 250 HP and larger, both bearings shall be of the insulated 

type. 

b. Severe duty 

1) Standard: IEEE 841. 

2) All cast iron enclosure. 

3) Terminal box threaded and gasketed. 

4) Internal and external epoxy base paint system. 

5) Drain and breather. 

2.5 ACCESSORIES 

A. Thermal Protection 

1. Thermostats – AFD Driven Motors 50 HP to 200 HP: 

a. One (1) winding thermostat per phase for shutdown. 

b. Snap action, bi-metallic, temperature-actuated switch type. 

c. Normally closed, wired in series. 

d. Automatic reset. 

e. Switch point shall be pre-calibrated by the manufacturer. 

2. RTD's – 200 HP or Greater 

a. Two (2) winding RTDs per phase embedded in windings. 

b. One (1) bearing RTD per bearing. 

c. 100 ohm platinum. 

B. Space Heaters 

1. Silicone rubber strip type, 120 V rated. 

2. Provided on 

a. All motors 10 HP and larger mounted outdoors. 

b. Indoor motors in humid environments as indicated. 

C. Vibration Detector 

1. Radial shaft vibration transducers 

a. For motors over 250 HP with sleeve bearings, in continuous service, 

radial shaft displacement proximity probes shall be permanently installed 

by the motor manufacturer. 
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b. All elements shall be fully protected in sealed weatherproof conduit and 

housings 

2.6 SOURCE QUALITY CONTROL 

A. Test motors in accordance with NEMA, IEEE and manufacturer procedures. 

1. The test shall include but not necessarily be limited to the following: 

a. Routine test 

1) No-load current and speed at rated voltage and frequency. 

2) Locked rotor current. 

3) Winding resistance. 

4) Vibration check. 

5) High potential. 

b. Complete test (in addition to the routine tests) 

1) Rated load temperature rise. 

2) Winding resistance. 

3) Slip test, measured in percent slip. 

4) Locked rotor amperes (3 PH, full voltage). 

5) Locked rotor torque. 

6) Breakdown torque. 

7) Efficiencies tabulated at 100, 75, and 50 percent of full load. 

8) Power factor tabulated at 100, 75, and 50 percent of full load. 

B. Motors to be tested 

1. All motors, at a minimum, to receive a routine test. 

a. See Section 40 05 05. 

C. The Owner reserves the right to select and have tested any motor included within 

the project. 

1. If motor passes testing requirements, the Owner shall be responsible for any 

shipping and testing costs incurred. 

2. Costs shall be determined by current freight rates and manufacturer's 

published rates at the time of the test. 

3. If motor fails test, Supplier shall be responsible for all costs incurred. 

4. If two successive motors fail the test, the Owner has the right to reject any or 

all motors from that manufacturer. 

5. The Owner also reserves the right to witness any routine or complete tests 

at the Owner's expense. 
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6. Notify the Owner a minimum of 14 days in advance of the testing. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Ground all motors in accordance with Section 26 05 26. 

C. Secure shop drawing for equipment prior to installation. 

3.2 FIELD QUALITY CONTROL 

A. Acceptance Testing: See Section 26 08 13 and Section 40 05 05. 

1. Coordinate with particular equipment specification. 

END OF SECTION 
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SECTION 26 05 13

MEDIUM VOLTAGE CABLE

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Material and installation requirements for:

a. Medium voltage cable (600 V and above).

b. Cable terminations and splices.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract

2. Division 01 - General Requirements

3. Section 01 25 13 - Product Substitutions

4. Section 01 33 00 - Submittals

5. Section 26 05 00 - Common Work Results for Electrical

6. Section 26 05 19 - Wire and Cable:  600 Volt and Below

7. Section 26 08 13 - Acceptance Testing

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. Association of Edison Illuminating Companies (AEIC).

a. CS8, Specification for Extruded Dielectric Shielded Power Cables
Rated 5 Through 46kV.

2. Institute of Electrical and Electronics Engineers, Inc. (IEEE):

a. 48, Standard for Test Procedures and Requirements for Alternating-
Current Cable Terminations Used on Shielded Cables Having
Laminated Insulation Rated 2.5kV Through 756kV or Extruded
Insulation Rated 2.5 kV through 500 kV.
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b. 386, Standard for Separable Insulated Connector Systems for Power
Distribution Systems Above 600V.

c. 404, Standard for Extruded and Laminated Dielectric Shielded Cable
Joints Rated 2500 V to 500,000 V.

3. National Electrical Manufacturers Association/Insulated Cable Engineers
Association (NEMA/ICEA):

a. WC 74/S-93-639, 5-46 kV Shielded Power Cable for Use in the
Transmission and Distribution of Electric Energy.

4. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).

5. Underwriters Laboratories, Inc. (UL):

a. 486A Wire Connectors.

b. 1072, Standard for Safety Medium Voltage Power Cables.

B. Qualifications :

1. Cable technicien:

a. Three (3) years experience in handling, terminating and splicing
medium voltage cables.

b. Specifically trained by a factory representative on the terminations and
splices to be used on the project.

1) If not trained on the products to be used, on-site training by the
factory representative within previous 12 months shall be
performed before any terminations or splices are made.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. Product data:

a. Provide submittal data for all products specified in PART 2 of this
Specification Section.

b. See Specification Section 26 05 00 for additional requirements.

3. Fabrication and/or layout drawings:

a. Cable pulling plan.

A. Samples
1. Provide sample of largest size of each type of wire or cable for review prior

to installation.
a. Sample shall have a legible and complete surface printing of

identification.
B. Miscellaneous Submittals:
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1. See Specification Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. Cable pulling tension measurements with manufacturer’s published limits.

3. Submit the following before terminating cables:

a. Cable Technician qualifications.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Ship cable with removable watertight end seals, and store in dry place.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following
manufacturers are acceptable:

1. Wire and cable:

a. General Cable.

b. American Insulated Wire Corporation.

c. The Kerite Company.

d. The Okonite Company.

e. Prysmian Cable Corporation.

f. Southwire Company.

g. Tamaqua Cable Products.

2. Lugs, connectors and terminations:

a. 3M Company.

b. Raychem.

c. Elastimold, a Thomas and Betts Company.

d. Joslyn.

e. RTE/Cooper Power Products.

B. Submit request for substitution in accordance with Specification Section 01 25
13.

2.2 MEDIUM VOLTAGE CABLES

A. Ratings:

1. Voltage class as indicated on the Drawings.

B. Standards:

1. NEMA/ICEA WC 74/S-93-639.

2. AEIC CS8.

3. UL 1072.
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C. Conductor Material:

1. Compact stranded copper.

D. Insulation:

1. Temperature rating:  Type MV-105 per NFPA 70.

2. Ethylene-propylene-rubber (EPR).

3. 133 percent insulation level.

E. Shielding:

1. Shielding on cables rated above 2 kV consists of:

a. Semiconductor conductor screen.

b. Semiconductor insulation screen.

c. 5 mil Copper tape with helically applied.

F. Grounds:

1. Insulated copper per Specification Section 26 05 19.

G. Jackets:

1. Jacket:  PVC.

H. For 35 kV underground service conductors.to primary service transformers as
scheduled.

1. Provide 3/C copper shielded conductors with minimum 420 mils of
insulation. (EPR) single copper conductor shielded with PVC Jacket as
described above

I. For 5kV feeders secondary power service transformers as scheduled

1. Provide 5/8kV minimum 115 mils of insulation. (EPR) 3/C copper
conductors shielded with PVC Jacket as described above

J. For 5kV motor feeders and 5kV power distribution in cable tray, armored as
scheduled

1. Provide type MC-HL copper cable with impervious, continuous, corrugated
aluminum sheath with 115 miles of insulation.  Cable shall be UL Listed for
cable tray use.

2.3 CABLE ACCESSORIES

A. Lugs and Connectors:

1. Lugs:

a. Compression type.

b. Standard:  UL 486A for copper cables.

c. Voltage rating:  Up to 35 kV.
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d. Current rating:  Continuous operation at the rating of the cable.

e. Material:  Tin-plated copper.

f. Number of holes:  Two (2), except one (1) on motor leads.

2. Splice connectors:

a. Standard:  UL 486A for copper cables.

b. Voltage rating:  Up to 35kV.

c. Current rating:  Continuous operation at the rating of the cable.

d. Material:  Tin-plated copper.

B. Terminations:

1. End caps:

a. Cold or heat shrink.

b. Used to environmentally seal and mechanically protect exposed cable
ends.

2. Cold shrink kits:

a. Standard:  IEEE 48, Class 1 termination.

b. Voltage rating:  Same as the cable rating.

c. Current rating:  Continuous operation at the rating of the cable.

d. One-piece design, where high-dielectric constant stress control is
integrated within a skirted insulator made of silicone rubber.

e. Suitable for contaminated indoor and outdoor locations.

3. Molded rubber kit:

a. Standard:  IEEE 48.

b. Voltage rating:  Same as the cable rating.

c. Current rating:  Continuous operation at the rating of the cable.

d. One-piece design or modular with stress cone and skirts, where high-
dielectric constant stress control is integrated within a skirted insulator
made of  EPDM rubber.

e. Suitable for contaminated indoor and outdoor locations.

4. Elbow connectors:

a. Standard:  IEEE 386.

b. Voltage rating:  Same as the cable rating.

c. Current rating:  200A.

d. One-piece design, comprised of an insulation shield, insulation layer
and an outer shield constructed of EPDM rubber.

e. Deadfront, loadbreak type with:

1) Hot stick pulling eye.

2) Grounding tab.
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f. Accessories to be constructed in a similar manner as the elbow
connector:

1) Bushing inserts.

2) Bushing well plugs.

3) Feed thru inserts.

4) Protective caps.

C. Splices:

1. Cold shrink kits:

a. Standard:  IEEE 404.

b. Voltage rating:  Same as the cable rating.

c. Current rating:  Continuous operation at the rating of the cable.

d. One-piece design, comprised of an insulation shield, insulation layer
and a silicone rubber body.

e. Suitable for indoor or submersible applications.

2. Molded rubber kit:

a. Standard:  IEEE 386 or IEEE 404.

b. Voltage rating:  Same as the cable rating.

c. Current rating:  Continuous operation at the rating of the cable.

d. One- or multi-piece design, comprised of an insulation shield, insulation
layer and an outer shield constructed of EPDM rubber.

e. Suitable for indoor or submersible applications.

3. Modular separable molded rubber:

a. Standard:  IEEE 386.

b. Voltage rating:  Same as the cable rating.

c. Current rating:  600A.

d. One-piece design, comprised of an insulation shield, insulation layer
and an outer shield constructed of EPDM rubber.

e. Deadfront, deadbreak type.

f. Components:  T-body, insulating plug with cap, insulating plug with cap
and stud, and connecting plug.

g. Suitable for submersible applications.

4. Motor lead kits:

a. Voltage rating:  Same as the cable rating.

b. Current rating:  Continuous operation at the rating of the cable.

c. Material:  EPDM rubber boot with nylon pin.

d. On shielded cables provide and additional EPDM rubber cold shrink
sleeve.

D. Cable Shield Grounding Adapters:
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1. Type:  Molded rubber with constant force spring and solder-blocked tinned
copper braid pigtail.

2. Waterproof, providing a positive seal for the cable jacket.

3. May be integral with termination of splice device with Owner’s
representative's approval.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Do not install cable during wet conditions.

1. Prior to pulling cables, drain or pump out manholes and other low points if
standing water is present.

2. Blow out conduits with dried compressed air if moisture is present in
conduits.

3. Install end caps immediately on all cut ends of cable prior to pulling, and
maintain end caps while pulling in cable.

a. If end caps are damaged, remove and install new end caps.

b. Do not remove end caps until ready to terminate or splice cable.

B. Cable Installation in Manholes:

1. Arc-proof all cables in manholes.

a. Apply in spiral, half-overlap fashion to full exposed length of each cable
in manhole.

b. Secure in place with glass cloth electrical tape.

1) Apply in reverse spiral to arc-proofing tape, at maximum interval of
9 IN and double wrapped at each end.

C. Do not install conductors when ambient temperature is near minimum as
recommended by manufacturer for installation of the type of conductor
insulation.

D. Provide components in kit form, complete with instructions, supplied by a single
approved manufacturer and suitable for each shielded cable termination.

1. Select correct termination to match cable diameter and construction.

2. Form and install terminations in strict accordance with instructions of cable
manufacturer and termination manufacturer.

E. Splices:

1. Provide components in kit form, complete with instructions, supplied by a
single approved manufacturer and suitable for the type of cable being used.

2. Prepare cable ends, provide materials and follow all application steps in
accordance with manufacturer's instructions.



WHCRWA
MEDIUM VOLTAGE CABLE CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
MEDIUM VOLTAGE CABLE

26 05 13 - 8 OF 8

a. As a minimum requirement:

1) The cable ends shall be cut squarely.

2) The insulation shall be free from nicks or burrs after removal of
jacket.

3) The conductors shall be cleaned and an oxide inhibitor applied.

4) For splices, connector indents shall be filled with insulating putty to
eliminate voids or prepared per manufacturer's instructions.

5) Attach grounding lead to system ground.

3. Splices shall be avoided whenever possible.

a. No splice is permitted between termination points without Owner’s
representative's approval.

b. No splices are permitted in runs less than 100 FT long.

c. Splices will be made only at manholes or other accessible locations.

d. Do not pull splices into ductbanks or conduits or leave them under
tension.

F. The ground shield grounding adaptors shall be grounded:

1. Shirted and elbow terminators:  Grounded to ground bar or cable loop in
equipment.

2. Splices:  Grounded to ground bar or rod in manhole.

3. Connect with insulated, stranded #6 AWG wire.

3.2 FIELD QUALITY CONTROL

A. Provide cable pulling plan showing all proposed splice points and cable pulling
direction for each pull.

B. Provide measurement of tensions during the pull.

C. See Specification Section 26 08 13 for acceptance testing requirements.

END OF SECTION



WHCRWA  

CENTRAL PUMP STATION WIRE AND CABLE: 600 VOLT AND BELOW 

  

WHCRWA CENTRAL PUMP STATION 
WIRE AND CABLE:  600 VOLT AND BELOW 

26 05 19 - 1 OF 18 

SECTION 26 05 19 

WIRE AND CABLE:  600 VOLT AND BELOW 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Material and installation requirements for: 

a. Building wire. 

b. Power cable. 

c. Control cable. 

d. Shielded VFD cable. 

e. Instrumentation cable. 

f. Wire connectors, splices and terminations. 

g. Insulating tape. 

h. Pulling lubricant. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 

Contract. 

2. Division 01 - General Requirements 

3. Section 26 05 00 - Common Work Results for Electrical 

4. Section 26 05 23 - Control-Voltage Electrical Power Cables 

5. Section 26 08 13 - Acceptance Testing 

6. For Operations Building: 

- Section 27 13 00 “Communications Backbone Cabling” for twisted pair 

cabling used for data circuits. 

- Section 27 15 00 “Communications Horizontal Cabling” for twisted pair 

cabling used for data circuits. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 

associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 

payment for Work in this Section is included in total Stipulated Price. 
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1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Canadian Standards Association (CSA): 

a. Test Methods for Electrical Wires and Cables (FT-4 Vertical Cable Tray 

Test). 

2. Institute of Electrical and Electronics Engineers, Inc. (IEEE): 

a. 1202, Standard for Flame-Propagation Testing of Wire and Cable. 

3. Insulated Cable Engineers Association (ICEA): 

a. S-58-679, Standard for Control Cable Conductor Identification. 

4. National Electrical Manufacturers Association (NEMA): 

a. ICS 4, Industrial Control and Systems:  Terminal Blocks. 

5. National Electrical Manufacturers Association/Insulated Cable Engineers 

Association (NEMA/ICEA): 

a. WC 57/S-73-532, Standard for Control Cables. 

b. WC 70/S-95-658, Non-Shielded Power Cables Rated 2000 Volts or Less 

for the Distribution of Electrical Energy. 

6. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC). 

b. 262, Standard Method of Test for Flame Travel and Smoke of Wires and 

Cables for Use in Air-Handling Spaces. 

7. Telecommunications Industry Association/Electronic Industries 

Association/American National Standards Institute (TIA/EIA/ANSI): 

a. 568, Commercial Building Telecommunications Cabling Standard. 

8. Underwriters Laboratories, Inc. (UL): 

a. 44, Standard for Safety Thermoset-Insulated Wires and Cables. 

b. 83, Standard for Safety Thermoplastic-Insulated Wires and Cables. 

c. 467, Standard for Safety Grounding and Bonding Equipment. 

d. 486A, Standard for Safety Wire Connectors and Soldering Lugs for use 

with Copper Conductors. 

e. 486C, Standard for Safety Splicing Wire Connections. 

f. 510, Standard for Safety Polyvinyl Chloride, Polyethylene and Rubber 

Insulating Tape. 

g. 1277, Standard for Safety Electrical Power and Control Tray Cables with 

Optional Optical-Fiber Members. 
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h. 1581, Standard for Safety Reference Standard for Electrical Wires, 

Cables, and Flexible Cords. 

i. 2225, Cables and Cable Fittings for Use in Hazardous (Classified) 

Locations. 

j. 2250, Standard for Safety Instrumentation Tray Cable. 

9. Testing Agency Qualifications: Member company of NETA 

a. Testing Agency’s Field Supervisor: Certified by NETA to supervise on-

site testing. 

1.4 DEFINITIONS 

A. Cable:  Multi-conductor, insulated, with outer sheath containing either building 

wire or instrumentation wire. 

B. Instrumentation Cable: 

1. Multiple conductor, insulated, twisted or untwisted, with outer sheath. 

2. The following are specific types of instrumentation cables: 

a. Analog signal cable: 

1) Used for the transmission of low current (e.g., 4-20mA DC) or low 

voltage (e.g., 0-10 Vdc) signals, using No. 16 AWG and smaller 

conductors. 

2) Commonly used types are defined in the following: 

a) TSP:  Twisted shielded pair. 

b) TST:  Twisted shielded triad. 

b. Digital signal cable:  Used for the transmission of digital signals between 

computers, PLC's, RTU's, etc. 

C. Power Cable:  Multi-conductor, insulated, with outer sheath containing building 

wire, No. 8 AWG and larger. 

D. Shielded VFD Cable:  Multi-conductor, insulated, with shield, drain wire and 

building wires, No. 12 and larger. 

E. Control Cable:  Multi-conductor, insulated, with outer sheath containing building 

wires, No. 14, No. 12 or No. 10 AWG. 

F. Building Wire:  Single conductor, insulated, with or without outer jacket 

depending upon type. 

G. RoHS: Restriction of Hazardous Substances. 
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H. VFC: Variable-frequency controller. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 

administration of the submittal process. 

2. Product technical data: 

a. Provide submittal data for all products specified in PART 2 of this 

Specification Section except: 

1) Wire connectors. 

2) Insulating tape. 

3) Cable lubricant. 

b. See Section 26 05 00 for additional requirements. 

B. Product Schedule: Indicate type, use, location, and termination locations. 

C. Samples: 

1. Provide sample of largest size of each type of wire or cable for review prior to 

installation. 

a. Sample shall have a legible and complete surface printing of identification. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. See Section 26 05 00 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 

manufacturers are acceptable: 

1. Building wire, power and control cable: 

a. American Insulated Wire Corporation. 

b. General Cable. 

c. Manhattan/CDT. 

d. Southwire Company. 

e. Cerro Wire LLC 

f. Encore Wire Corporation. 
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2. Shielded VFD cable: 

a. Belden CDT Inc. 

b. Okonite Company. 

c. Olfex Wire and Cable, Inc. 

d. Priority Wire and Cable (Prysmian). 

e. Rockbestos-Surprenant Cable Corp. 

f. Southwire Company. 

g. Tamaqua Cable Products. 

3. Instrumentation cable: 

a. Analog cable: 

1) Alpha Wire Corporation. 

2) American Insulated Wire Corporation. 

3) Belden CDT Inc. 

4) General Cable. 

5) Manhattan/CDT. 

4. Wire connectors: 

a. Burndy Corporation. 

b. Buchanan. 

c. Ideal. 

d. Ilsco. 

e. 3M Co. 

f. Teledyne Penn Union. 

g. Thomas and Betts. 

h. Phoenix Contact. 

i. 3M Electrical Products. 

j. Hubell Power Systems. 

k. NSi Industries 

l. O-Z/Gedney 

m. Service Wire Co.  

5. Insulating and color coding tape: 

a. 3M Co. 

B. Submit request for substitution in accordance with Section 01 25 13. 

2.2 MANUFACTURED UNITS 

A. Building Wire: 

1. Conductor shall be copper with 600 V rated insulation. 
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2. Conductors shall be stranded. 

3. Surface mark with manufacturer's name or trademark, conductor size, 

insulation type and UL label. 

4. When exposed to sunlight, UL listed and marked as sunlight resistant. 

5. Conform to NEMA/ICEA WC 70/S-95-658 and UL 83 for type NM, 

THHN/THWN and THHN/THWN-2 insulation. 

6. Conform to NEMA/ICEA WC 70/S-95-658 and UL 44 for type XHHW-2 

insulation. 

7. Conform to UL 854 for type USE-2 and type SE. 

8. Conform to NEMA WC 70/ICEA S-95-658 and UL 1277 for type TC-ER. 

9. Conform to UL 83 and UL 493 for type UF. 

10. Conductors No. 1/0 and larger used in a cable tray shall have a UL CT rating 

and conform to IEEE 1202 or CSA FT-4. 

11. Standards: 

- Listed and labelled as defined in NFPA 70, by a qualified testing agency, 

and marked for intended location and use. 

- RoHS compliant. 

- Conductor and Cable Marking: Comply with wire and cable marking 

according to UL’s “Wire and Cable Marking and Application Guide”. 

12. Conductors: Copper, complying with ASTM B 3 for bare annealed copper 

and with ASTM B 496 for stranded conductors. 

B. Power Cable: 

1. Conductor shall be copper with 600 V rated insulation. 

2. Surface mark with manufacturer's name or trademark, conductor size, 

insulation type and UL label. 

3. Conform to NEMA/ICEA WC 70/S-95-658 and UL 83 and UL 1277 for type 

THHN/THWN insulation with an overall PVC jacket. 

4. Conform to NEMA/ICEA WC 70/S-95-658 and UL 44 and UL 1277 for type 

XHHW-2 insulation with an overall PVC jacket. 

5. Number of conductors as required, including a bare ground conductor. 

6. Individual conductor color coding: 

a. ICEA Method 4. 

b. See PART 3 of this Specification Section for additional requirements. 

7. When exposed to sunlight, UL listed and marked as sunlight resistant. 

8. Conform to NFPA 70 Type TC. 

C. Control Cable: 

1. Conductor shall be copper with 600 V rated insulation. 
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2. Surface mark with manufacturer's name or trademark, conductor size, 

insulation type and UL label. 

3. Conform to NEMA/ICEA WC 57/S-73-532 and UL 83 and UL 1277 for type 

THHN/THWN insulation with an overall PVC jacket. 

4. Number of conductors as required, provided with or without bare ground 

conductor of the same AWG size. 

a. When a bare ground conductor is not provided, an additional insulated 

conductor shall be provided and used as the ground conductor (e.g., 6/c 

No. 14 w/g and 7/c No. 14 are equal). 

5. Individual conductor color coding: 

a. NEMA/ICEA Method 1, Table E-2. 

b. See PART 3 of this Specification Section for additional requirements. 

6. When exposed to sunlight, UL listed and marked as sunlight resistant. 

7. Conform to NFPA 70 Type TC. 

D. Electrical Equipment Control Wire: 

1. Conductor shall be copper with 600 V rated insulation. 

2. Conductors shall be stranded. 

3. Surface mark with manufacturer's name or trademark, conductor size, 

insulation type and UL label. 

4. Conform to UL 44 for Type SIS insulation. 

5. Conform to UL 83 for Type MTW insulation. 

E. Shielded VFD Cable: 

1. Conductor shall be copper, stranded with 600 V rated insulation. 

2. Surface mark with manufacturer's name or trademark, conductor size, 

insulation type and UL label. 

3. Conform to NEMA WC 70/ICEA S-9565 

4. Cables No. 1 AWG and less: 

a. Conform to NEMA/ICEA WC 70/S-95-658 and UL 44 and UL 1277 

XHHW-2 insulation with an overall PVC jacket. 

b. Shielding:  85 percent tinned copper braid, full size tinned copper drain 

wire and 100 percent foil shield. 

c. Number of conductors:  3 PH and 1 full size ground. 

5. Cables No. 1/0 AWG through 750 kcmil: 

a. Conform to NEMA/ICEA WC 70/S-95-658 and UL 44 type XHHW-2 

insulation. 
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b. Shielding: Continuous corrugated copper-free aluminum sheath covered 

with a PVC jacket 

c. Number of conductors:  3 PH and 3 equally spaced ground conductors. 

6. Individual conductor color coding: 

a. ICEA Method 4. 

b. See PART 3 of this Specification Section for additional requirements. 

7. When installed exposed outdoors, UL listed and marked as sunlight resistant. 

8. For continuously corrugated cable, use manufacturer approved fittings. 

9. Conform to NFPA 70, Type TC. 

10. Type TC-ER: Cable designed for use with VFCs, with oversized crosslinked 

polyethylene insulation, dual spirally wrapped tape shields and three bare 

symmetrically applied ground wires, and sunlight and oil-resistant outer PVC 

jacket.  

F. Instrumentation Cable: 

1. Surface mark with manufacturer's name or trademark, conductor size, 

insulation type and UL label. 

2. Analog cable: 

a. Tinned copper conductors. 

b. 600 V PVC insulation with PVC jacket. 

c. Twisted with 100 percent foil shield coverage with drain wire. 

d. Six (6) twists per foot minimum. 

e. When exposed to sunlight, UL listed and marked as sunlight resistant. 

f. Individual conductor color coding:  ICEA Method 1, Table K-2. 

g. Conform to  UL 2250, UL 1581 and NFPA 70 Type ITC. 

3. Digital cable: 

a. As recommended by equipment (e.g., PLC, RTU) manufacturer. 

b. Horizontal voice and data cable: 

1) Category 6a per TIA/EIA/ANSI 568 unless otherwise specified. 

2) Category 5e per TIA/EIA/ANSI 568 with 600V insulation and 

shielding only where cable is routed with power conductors in cable 

tray or raceways. 

3) Cable shall be label-verified. 

4) Cable jacket shall be factory marked at regular intervals indicating 

verifying organization and performance level. 

5) Conductors:  No. 24 AWG solid untinned copper. 

6) Rated CMP per NFPA 70. 

c. DeviceNet cable: 
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1) Flat cable: 

a) No. 16 AWG, 4 conductor, unshielded with PVC jacket. 

b) ODVA Class 2 Flat cable. 

2) Thick cable: 

a) One (1) No. 15 AWG twisted shielded pair, one (1) No. 18 

AWG twisted shielded pair with overall tinned copper braid (65 

percent) and drain wire and PVC jacket. 

b) ODVA Class 2 Thick cable. 

3) Thin cable: 

a) One (1) No. 22 AWG twisted shielded pair, one (1) No. 24 

AWG twisted shielded pair with overall tinned copper braid (65 

percent) and drain wire and PVC jacket. 

b) ODVA Class 2 Thin cable. 

d. Conform to NFPA 70 Type ITC. 

e. Foundation Fieldbus and DeviceNet cables shall each have a color 

coded jacket (e.g., yellow and orange) that is different from all other 

cables. 

f. Structured wiring system for Foundation Fieldbus, Profibus or DeviceNet: 

1) Cables meeting the above requirements with factory installed 

connectors. 

G. Wire Connectors: 

1. Twist/screw on type: 

a. Insulated pressure or spring type solderless connector. 

b. 600 V rated. 

c. Ground conductors:  Conform to UL 486C and/or UL 467 when required 

by local codes. 

d. Phase and neutral conductors:  Conform to UL 486C. 

2. Compression and mechanical screw type: 

a. 600 V rated. 

b. Ground conductors:  Conform to UL 467. 

c. Phase and neutral conductors:  Conform to UL 486A. 

3. Terminal block type: 

a. High density, screw-post barrier-type with white center marker strip. 

b. 600 V and ampere rating as required, for power circuits. 

c. 600 V, 20 ampere rated for control circuits. 

d. 300 V, 15 ampere rated for instrumentation circuits. 

e. Conform to NEMA ICS 4 and UL 486A. 
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H. Insulating and Color Coding Tape: 

1. Pressure sensitive vinyl. 

2. Premium grade. 

3. Heat, cold, moisture, and sunlight resistant. 

4. Thickness, depending on use conditions:  7, 8.5, or 10 mil. 

5. For cold weather or outdoor location, tape must also be all-weather. 

6. Color: 

a. Insulating tape:  Black. 

b. Color coding tape:  Fade-resistant color as specified herein. 

7. Comply with UL 510. 

I. Electrical Equipment Enclosure and Cable Sealing Bushing: 

1. Galvanized malleable or ductile iron. 

2. Zinc electroplated locknut. 

3. Neoprene sealing ring. 

4. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc 

die-cast with set screws, designed to connect conductors specified in this 

Section. 

J. Pulling Lubricant:  Cable manufacturer's standard containing no petroleum or 

other products which will deteriorate insulation. 

K. Lugs: One piece, seamless, designed to terminate conductors specified in this 

Section. 

1. Material: Copper 

2. Type: Two hole with long barrels. 

3. Termination: Compression. 

2.3 METAL-CLAD CABLE, TYPE MC 

A. Description: A factory assembly of one or more current-carrying insulated 
conductors in an overall metallic sheath. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be installed include, but are not limited to, the following: 

1. Alpha Wire Company 

2. Belden Inc. 

3. WESCO 

4. Encore Wire Corporation 
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5. Okonite Company 

6. Southwire Company 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, 
and marked for intended location and use. 

2. Comply with UL 1569. 

3. RoHS compliant. 

4. Conductor and Cable Marking: Comply with wire and cable marking 
according to UL's "Wire and Cable Marking and Application Guide." 

D. Circuits: 

1. Single circuit. 

2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424. 

E. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and 
with ASTM B 8 for stranded conductors. 

F. Ground Conductor: Insulated. 

G. Conductor Insulation: 

1. Type TFN/THHN/THWN-2: Comply with UL 83. 

2. Type XHHW-2: Comply with UL 44. 

H. Armor: Aluminum, interlocked. 

I. Jacket: PVC applied over armor. 

2.4 ARMORED CABLE, TYPE AC 

A. Description: A factory assembled of insulated current-carrying conductors with 

or without an equipment grounding conductor in an overall metallic sheath. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be installed include, but are not limited to, the 

following: 

1. Alpha Wire Company 

2. Belden Inc. 

3. Cerro Wire LLC 

4. Encore Wire Corporation 

5. Okonite Company 

6. Southwire Company 

C. Standards: 
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1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and 

marked for intended location and use. 

2. Comply with UL 1569. 

3. RoHS compliant. 

4. Conductor and Cable Marking: Comply with wire and cable marking 

according to UL's "Wire and Cable Marking and Application Guide." 

D. Circuits: 

1. Single circuit. 

2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424. 

E. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and 

with ASTM B 8 for stranded conductors. 

F. Ground Conductor: Insulated. 

G. Conductor Insulation: Type THHN/THWN-2. Comply with UL 83. 

H. Armor: Aluminum, interlocked. 

2.5 MINERAL-INSULATED CABLE, TYPE MI 

A. Description: Solid copper conductors encased in compressed metal oxide with 

an outer metallic sheath, rated 600 V or less. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be installed include, but are not limited to, the 

following: 

1. KME America, Inc. 

2. Pentair 

3. Watlow Electric Manufacturing 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and 

marked for intended location and use. 

2. UL 2196 for fire resistance. 

3. Conductor and Cable Marking: Comply with wire and cable marking 

according to UL's "Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper. 

E. Insulation: Compressed magnesium oxide. 
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F. Sheath: Copper. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Permitted Usage of Insulation Types: 

1. Type XHHW-2: 

a. Building wire and power cable No. 6 AWG and larger. 

b. Single conductors in raceway. 

c. Feeders concealed in concrete, below slabs-on-grade, and underground 

d. Branch circuits concealed in concrete, below Slabs-on-Grade, and 

Underground 

2. Type THHN/THWN and THHN/THWN-2: 

a. Building wire and power and control cable No. 8 AWG and smaller in 

architectural and non-architectural finished areas. 

b. Single conductors in raceway. 

c. Exposed Branch Circuits including in Crawlspaces. 

d. For Operations Building - Branch Circuits Concealed in Ceilings, Walls 

and Partitions: Type THHN/THWN-2, single conductors in raceway to 

terminate at junction box above concealed ceiling spaces. Metal-clad 

cable, Type MC to extend no more than 6’-0” for light fixture whips, and 

permitted in concealed partitions to terminate in devices, wall-mounted 

light fixtures, etc.  

3. Branch Circuits in Cable Tray: Armored Cable, Type AC. 

4. For Operations Building – Cord Drops and Portable Appliance Connections: 

Type SO, hard service cord with stainless-steel, wire-mesh, strain relief 

device at terminations to suit application. 

5. Type SIS and MTW: 

a. For the wiring of control equipment within control panels and field wiring 

of control equipment within switchgear, switchboards, motor control 

centers. 

B. Shielded VFD Cable: 

1. For wiring between a VFD and motor. 

2. VFC Output Circuits Cable: Extra-flexible stranded for all sizes and Type TC-

ER cable with braided shield.  
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C. Conductor Size Limitations: 

1. Feeder and branch power conductors shall not be smaller than No. 12 AWG 

unless otherwise indicated on the Drawings.  

2. Control conductors shall not be smaller than No. 14 AWG unless otherwise 

indicated on the Drawings. 

3. Instrumentation conductors shall not be smaller than No. 18 AWG unless 

otherwise indicated on the Drawings. 

4. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller. 

5. Building wire: 

 

 

240 V, 208 V, 

240/120 V, 208/120 

V 

480 V, 

480/277 V 

Phase 1 Black Brown 

Phase 2 Red * Orange 

 

Phase 3 Blue Yellow 

Neutral White White or 

Gray 

Ground Green Green 

  * Orange when it is a high leg of a 120/240 V Delta system. 

 

a. Conductors No. 6 AWG and smaller:  Insulated phase, neutral and 

ground conductors shall be identified by a continuous colored outer finish 

along its entire length. 

b. Conductors larger than No. 6 AWG: 

1) Insulated phase and neutral conductors shall be identified by one 

(1) of the following methods: 

a) Continuous colored outer finish along its entire length. 

b) 3 IN of colored tape applied at the termination. 

2) Insulated grounding conductor shall be identified by one (1) of the 

following methods: 

a) Continuous green outer finish along its entire length. 

b) Stripping the insulation from the entire exposed length. 

c) Using green tape to cover the entire exposed length. 
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3) The color coding shall be applied at all accessible locations 

including, but not limited to:  Junction and pull boxes, wireways, 

manholes and handholes. 

6. Power cables ICEA Method 4 with: 

a. Phase and neutral conductors identified with 3 in. of colored tape, per the 

Table herein, applied at the terminations. 

b. Ground conductor:  Bare. 

7. Shielded VFD cable ICEA Method 4 with: 

a. Phase conductors identified with 3 IN of colored tape, per the Table 

herein, applied at the terminations. 

b. Ground conductor:  Green color insulation. 

8. Control cables NEMA/ICEA Method 1, Table E-2: 

a. When a bare ground is not provided, one (1) of the colored insulated 

conductors shall be re-identified by stripping the insulation from the entire 

exposed length or using green tape to cover the entire exposed length. 

b. When used in power applications the colored insulated conductors used 

as phase and neutral conductors may have to be re-identified with 3 IN 

of colored tape, per the Table herein, applied at the terminations. 

D. Install all wiring in raceway unless otherwise indicated on the Drawings. 

E. Feeder, branch, control and instrumentation circuits shall not be combined in a 

raceway, cable tray, junction or pull box, except as permitted in the following: 

1. Control circuits shall be isolated from feeder and branch power and 

instrumentation circuits, but combining of control circuits is permitted. 

a. The combinations shall comply with the following: 

1) 12 Vdc, 24 Vdc and 48 Vdc may be combined. 

2) 125 Vdc shall be isolated from all other AC and DC circuits. 

3) AC control circuits shall be isolated from all DC circuits. 

2. Instrumentation circuits shall be isolated from feeder and branch power and 

control circuits but combining of instrumentation circuits is permitted. 

a. The combinations shall comply with the following: 

1) Analog signal circuits may be combined. 

2) Digital signal circuits may be combined but isolated from analog 

signal circuits. 

3. Multiple branch circuits for lighting, receptacle and other 120 Vac circuits are 

allowed to be combined into a common raceway. 
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a. Contractor is responsible for making the required adjustments in 

conductor and raceway size, in accordance with all requirements of the 

NEC, including but not limited to: 

1) Up sizing conductor size for required ampacity de-ratings for the 

number of current carrying conductors in the raceway. 

2) The neutral conductors may not be shared. 

3) Up sizing raceway size for the size and quantity of conductors. 

F. Ground the drain wire of shielded instrumentation cables at one (1) end only. 

1. The preferred grounding location is at the control panel, not at the field 

mounted instrument. 

2. Grounded end at drain cable to be of sufficient length to reach ground screw 

or terminal strip.  Insulate with heat shrink.  No daisy chain of grounds   

G. Splices and terminations for the following circuit types shall be made in the 

indicated enclosure type using the indicated method. 

1. Feeder and branch power circuits: 

a. Device outlet boxes: 

1) Twist/screw on type connectors. 

b. Junction and pull boxes and wireways: 

1) Twist/screw on type connectors for use on No. 10 and smaller wire. 

2) Compression, terminal block or terminal strip type connectors for 

use on No. 8 AWG and larger wire. 

c. Motor terminal boxes: 

1) Twist/screw on type connectors for use on No. 10 AWG and 

smaller wire. 

2) Insulated compression type connectors for use on No. 8 AWG and 

larger wire. 

d. Manholes or handholes: 

1) Twist/screw on type connectors pre-filled with epoxy for use on No. 

10 AWG and smaller wire. 

2) Watertight compression type connectors for use on No. 8 AWG and 

larger wire. 

2. Control circuits: 

a. Junction and pull boxes:  Terminal block type connector. 

b. Manholes or handholes:  Twist/screw on type connectors pre-filled with 

epoxy. 
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c. Control panels and motor control centers:  Terminal block or strips 

provided within the equipment or field installed within the equipment by 

the Contractor. 

3. Instrumentation circuits can be spliced where field conditions dictate and 

written permission is obtained from the Owner’s representative. 

a. Maintain electrical continuity of the shield when splicing twisted shielded 

conductors. 

b. Junction and pull boxes:  Terminal block type connector. 

c. Control panels and motor control centers:  Terminal block or strip 

provided within the equipment or field installed within the equipment by 

the Contractor. 

4. Non-insulated compression and mechanical screw type connectors shall be 

insulated with tape or hot or cold shrink type insulation to the insulation level 

of the conductors. 

H. Provide electrical equipment enclosure and cable sealing bushing when 

exposed conductors or cables enter the enclosure from cable trays. 

I. Insulating Tape Usage: 

1. For insulating connections of No. 8 AWG wire and smaller:  7 mil vinyl tape. 

2. For insulating splices and taps of No. 6 AWG wire or larger:  10 mil vinyl tape. 

3. For insulating connections made in cold weather or in outdoor locations:  8.5 

mil, all weather vinyl tape. 

J. Color Coding Tape Usage:  For color coding of conductors. 

K. Conductor insulation on conductors No. 10 AWG and less shall not be stripped 

using a side cutter or any other similar tool. 

1. The insulation shall be stripped using a stripping tool specifically designed 

for the conductor size being stripped. 

3.2 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall 

assemblies to restore original fire-resistance rating of assembly according to 

Section 07 84 00 "Firestopping". 

3.3 FIELD QUALITY CONTROL 

1. Acceptance Testing: 1. See Section 26 08 13. 
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END OF SECTION 
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SECTION 26 05 23

CONTROL-VOLTAGE ELECTRICAL POWER CABLES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

B. Related Sections include but are not necessarily limited to:

1. Section 06 10 00 – Rough Carpentry

2. Section 07 84 00 – Firestopping

3. Section 09 91 00 – Painting and Protective Coatings

4. Section 10 14 00 – Identification Devices

5. Section 26 05 26 – Grounding

6. Section 26 05 33 – Raceways and Boxes

7. Section 26 27 26 – Wiring Devices

1.2 SUMMARY

A. Section Includes:

1. Backboards.

2. Category 5e balanced twisted pair cable.

3. Category 6 balanced twisted pair cable.

4. Category 6a balanced twisted pair cable.

5. Balanced twisted pair cabling hardware.

6. RS-485 cabling.

7. Low-voltage control cabling.

8. Control-circuit conductors.

9. Identification products. EMI: Electromagnetic interference.

1.3 DEFINITIONS

A. EMI: Electromagnetic interference.

B. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less

than 50 V or for remote-control and signaling power-limited circuits.
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C. RCDD: Registered Communications Distribution Designer.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of product.

PART 2 - PRODUCTS

2.1 BACKBOARDS

A. Description: Plywood, fire-retardant treated, 3/4 by 48 by 96. Comply with

requirements for plywood backing panels in Section 06 10 00 "Rough Carpentry."

B. Painting: Paint plywood on all sides and edges with flat latex paint. Comply with

requirements in Section 09 91 00 "Painting and Protective Coatings."

2.2 CATEGORY 6 BALANCED TWISTED PAIR CABLE

A. Description: Four-pair, balanced-twisted pair cable certified to meet transmission

characteristics of Category 6 cable at frequencies up to 250MHz.

B. Standard: Comply with NEMA WC 66/ICEA S-116-732 and TIA-568-C.2 for

Category 6 cables.

C. Conductors: 100-ohm, 23 AWG solid copper.

D. Shielding/Screening: Unshielded twisted pairs (UTP)

E. Cable Rating: Riser

F. Jacket: White thermoplastic.

2.3 BALANCED TWISTED PAIR CABLE HARDWARE

A. Description: Hardware designed to connect, splice, and terminate balanced

twisted pair copper communications cable.

B. General Requirements for Balanced Twisted Pair Cable Hardware:

1. Comply with the performance requirements of Category 6.

2. Comply with TIA-568-C.2, IDC type, with modules designed for punch-down

caps or tools.
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3. Cables shall be terminated with connecting hardware of same category or

higher.

C. Connecting Blocks: 110-style IDC for Category 6. Provide blocks for the number

of cables terminated on the block, plus 25 percent spare, integral with connector

bodies, including plugs and jacks where indicated.

D. Patch Panel: Modular panels housing numbered jack units with IDC-type

connectors at each jack location for permanent termination of pair groups of

installed cables.

1. Features:

a. Universal T568A and T568B wiring labels.

b. Labeling areas adjacent to conductors.

c. Replaceable connectors.

d. 24 or 48 ports.

2. Construction: 16-gauge steel and mountable on 19-inch equipment racks.

E. Patch Cords: Factory-made, four-pair cables in 48-inch lengths; terminated with

an eight-position modular plug at each end.

1. Patch cords shall have bend-relief-compliant boots and color-coded icons to

ensure performance. Patch cords shall have latch guards to protect against

snagging.

2. Patch cords shall have color-coded boots for circuit identification.

F. Plugs and Plug Assemblies:

1. Male; eight position; color-coded modular telecommunications connector

designed for termination of a single four-pair 100-ohm unshielded or shielded

balanced twisted pair cable.

2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4,

and IEC 60603-7.5.

3. Marked to indicate transmission performance.

G. Jacks and Jack Assemblies:

1. Female; eight position; modular; fixed telecommunications connector

designed for termination of a single four-pair 100-ohm unshielded or shielded

balanced twisted pair cable.
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2. Designed to snap-in to a patch panel or faceplate.

3. Standards

a. Category 6, unshielded balanced twisted pair cable shall comply with
IEC 60603-7-4.

4. Marked to indicate transmission performance.

H. Faceplate:

1. Two port, vertical single-gang faceplates designed to mount to single-gang

wall boxes.

2. Eight port, vertical double-gang faceplates designed to mount to double-gang

wall boxes.

3. Plastic Faceplate: High-impact plastic. Coordinate color with Section 26 27 26

"Wiring Devices."

4. For use with snap-in jacks accommodating any combination of balanced

twisted pair, optical fiber, and coaxial work area cords.

a. Flush mounting jacks, positioning the cord at a 45-degree angle.

I. Legend:

1. Machine printed, in the field, using adhesive-tape label.

2. Snap-in, clear-label covers and machine-printed paper inserts.

2.4 RS-422 CABLE

A. PVC-Jacketed

1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors.

2. Polypropylene insulation.

3. Aluminum foil-polyester tape shield with 100 percent shield coverage.

4. PVC jacket.

5. Conductors are cabled on common axis with No. 24 AWG, stranded (7x32)

tinned copper drain wire.

6. NFPA 70 Type: Type CM.

7. Flame Resistance: Comply with UL 1581.

2.5 LOW-VOLTAGE CONTROL CABLE

A. Paired Cable: NFPA 70, Type CMG.

1. One pair, twisted, No. 18 AWG, stranded (19x30) tinned-copper conductors.
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2. PVC insulation.

3. Unshielded.

4. PVC jacket.

5. Flame Resistance: Comply with UL 1685.

2.6 CONTROL-CIRCUIT CONDUCTORS

A. Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with

UL 83 in raceway.

B. Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with

UL 83 in raceway.

C. Class 3 Remote-Control and Signal Circuits: Stranded copper,

Type THHN/THWN-2, complying with UL 83 in raceway.

D. Class 2 Control Circuits and Class 3 Remote-Control and Signal Circuits That

Supply Critical Circuits: Circuit Integrity (CI) cable.

1. Smoke control signaling and control circuits.

2. <Insert list of critical circuits that require CI cable>.

2.7 FIRE-ALARM WIRE AND CABLE

A. General Wire and Cable Requirements: NRTL listed and labeled as complying

with NFPA 70, Article 760.

B. Signaling Line Circuits: Twisted, shielded pair, not less than No. 18 AWG.

1. Circuit Integrity Cable: Twisted shielded pair, NFPA 70, Article 760,

Classification CI, for power-limited fire-alarm signal service Type FPL. NRTL

listed and labeled as complying with UL 1424 and UL 2196 for a two-hour

rating.

C. Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75

deg C, color-coded insulation, and complying with requirements in UL 2196 for a

two-hour rating.

1. Low-Voltage Circuits: No. 16 AWG, minimum, in pathway.

2. Line-Voltage Circuits: No. 12 AWG, minimum, in pathway.
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3. Multiconductor Armored Cable: NFPA 70, Type MC, copper conductors,

Type TFN/THHN conductor insulation, copper drain wire, copper armor with

outer jacket with red identifier stripe, NTRL listed for fire-alarm and cable tray

installation, plenum rated.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Test cables on receipt at Project site.

1. Test each pair of twisted pair cable for open and short circuits.

3.2 INSTALLATION OF RACEWAYS AND BOXES

A. Comply with requirements in Section 26 05 33 "Raceways and Boxes Systems"

for raceway selection and installation requirements for boxes, conduits, and

wireways as supplemented or modified in this Section.

1. Outlet boxes shall be no smaller than 2 inches wide, 3 inches high, and 2-1/2

inches deep.

2. Outlet boxes for cables shall be no smaller than 4 inches square by 1-1/2

inches deep with extension ring sized to bring edge of ring to within 1/8 inch

of the finished wall surface.

3. Flexible metal conduit shall not be used.

B. Comply with TIA-569-D for pull-box sizing and length of conduit and number of

bends between pull points.

C. Install manufactured conduit sweeps and long-radius elbows if possible.

D. Raceway Installation in Equipment Rooms:

1. Position conduit ends adjacent to a corner on backboard if a single piece of

plywood is installed, or in the corner of the room if multiple sheets of plywood

are installed around perimeter walls of the room.

2. Install cable trays to route cables if conduits cannot be located in these

positions.

3. Secure conduits to backboard if entering the room from overhead.

4. Extend conduits 3 inches above finished floor.
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5. Install metal conduits with grounding bushings and connect with grounding

conductor to grounding system.

E. Backboards: Install backboards with 96-inch dimension vertical. Butt adjacent

sheets tightly and form smooth gap-free corners and joints.

3.3 INSTALLATION OF CONDUCTORS AND CABLES

A. Comply with NECA 1.

B. General Requirements for Cabling:

1. Comply with TIA-568-C Series of standards.

2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."

3. Terminate all conductors; no cable shall contain unterminated elements.

Make terminations only at indicated outlets, terminals, and cross-connect and

patch panels.

4. Cables may not be spliced and shall be continuous from terminal to terminal.

Do not splice cable between termination, tap, or junction points.

5. Cables serving a common system may be grouped in a common raceway.

Install network cabling and control wiring and cable in separate raceway from

power wiring. Do not group conductors from different systems or different

voltages.

6. Secure and support cables at intervals not exceeding 30 inches and not more

than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, and

terminals.

7. Bundle, lace, and train conductors to terminal points without exceeding

manufacturer's limitations on bending radii, but not less than radii specified in

BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." Install lacing

bars and distribution spools.

8. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove

and discard cable if damaged during installation and replace it with new cable.

9. Cold-Weather Installation: Bring cable to room temperature before dereeling.

Do not use heat lamps for heating.

10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling

Systems." Monitor cable pull tensions.

11. Support: Do not allow cables to lie on removable ceiling tiles.

12. Secure: Fasten securely in place with hardware specifically designed and

installed so as to not damage cables.

13. Provide strain relief.
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14. Keep runs short. Allow extra length for connecting to terminals. Do not bend

cables in a radius less than 10 times the cable OD. Use sleeves or grommets

to protect cables from vibration at points where they pass around sharp

corners and through penetrations.

15. Ground wire shall be copper, and grounding methods shall comply with

IEEE C2. Demonstrate ground resistance.

C. Balanced Twisted Pair Cable Installation:

1. Comply with TIA-568-C.2.

2. Do not untwist balanced twisted pair cables more than 1/2 inch at the point of

termination to maintain cable geometry.

D. Installation of Control-Circuit Conductors:

1. Install wiring in raceways.

2. Use insulated spade lugs for wire and cable connection to screw terminals.

3. Comply with requirements specified in Section 26 05 33 "Raceways and

Boxes”.

E. Open-Cable Installation:

1. Install cabling with horizontal and vertical cable guides in telecommunications

spaces with terminating hardware and interconnection equipment.

2. Suspend copper cable not in a wireway or pathway a minimum of 8 inches

above ceilings by cable supports not more than 30 inches apart.

3. Cable shall not be run through or on structural members or in contact with

pipes, ducts, or other potentially damaging items. Do not run cables between

structural members and corrugated panels.

F. Installation of Cable Routed Exposed under Raised Floors:

1. Install plenum-rated cable only.

2. Install cabling after the flooring system has been installed in raised floor areas.

3. Below each feed point, neatly coil a minimum of 72 inches of cable in a coil

not less than 12 inches in diameter.

G. Separation from EMI Sources:

1. Comply with BICSI TDMM and TIA-569-D recommendations for separating

unshielded copper voice and data communications cable from potential EMI

sources including electrical power lines and equipment.
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2. Separation between open communications cables or cables in nonmetallic

raceways and unshielded power conductors and electrical equipment shall be

as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 5
inches.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of
12 inches.

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 24
inches.

3. Separation between communications cables in grounded metallic raceways

and unshielded power lines or electrical equipment shall be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-
1/2 inches.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of
6 inches.

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 12
inches.

4. Separation between communications cables in grounded metallic raceways

and power lines and electrical equipment located in grounded metallic

conduits or enclosures shall be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of
3 inches.

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 6
inches.

5. Separation between Communications Cables and Electrical Motors and

Transformers, 5 kVA or 5 HP and Larger: A minimum of 48 inches.

6. Separation between Communications Cables and Fluorescent Fixtures: A

minimum of 5 inches.

3.4 REMOVAL OF CONDUCTORS AND CABLES

A. Remove abandoned conductors and cables. Abandoned conductors and cables

are those installed that are not terminated at equipment and are not identified with

a tag for future use.
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3.5 CONTROL-CIRCUIT CONDUCTORS

A. Minimum Conductor Sizes:

1. Class 1 remote-control and signal circuits; No 14 AWG.

2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG.

3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG.

3.6 FIRESTOPPING

A. Comply with requirements in Section 07 84 00 "Firestopping."

B. Comply with TIA-569-D, Annex A, "Firestopping."

C. Comply with BICSI TDMM, "Firestopping" Chapter.

3.7 GROUNDING

A. For data communication wiring, comply with TIA-607-B and with BICSI TDMM,

"Bonding and Grounding (Earthing)" Chapter.

B. For low-voltage control wiring and cabling, comply with requirements in

Section 26 05 26 "Grounding”.

3.8 IDENTIFICATION

A. Comply with requirements for identification specified in Section 10 14 00

“Identification Devices”.

B. Identify data and communications system components, wiring, and cabling

according to TIA-606-B; label printers shall use label stocks, laminating adhesives,

and inks complying with UL 969.

C. Identify each wire on each end and at each terminal with a number-coded

identification tag. Each wire shall have a unique tag.

3.9 FIELD QUALITY CONTROL

A. Perform tests and inspections.
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B. Tests and Inspections:

1. Visually inspect cable jacket materials for UL or third-party certification

markings. Inspect cabling terminations to confirm color-coding for pin

assignments and inspect cabling connections to confirm compliance with TIA-

568-C.1.

2. Visually inspect cable placement, cable termination, grounding and bonding,

equipment and patch cords, and labeling of all components.

3. Test cabling for direct-current loop resistance, shorts, opens, intermittent

faults, and polarity between conductors. Test operation of shorting bars in

connection blocks. Test cables after termination, but not after cross-

connection.

a. Test instruments shall meet or exceed applicable requirements in TIA-568-
C.2. Perform tests with a tester that complies with performance
requirements in its "Test Instruments (Normative)" Annex, complying with
measurement accuracy specified in its "Measurement Accuracy
(Informative)" Annex. Use only test cords and adapters that are qualified
by test equipment manufacturer for channel or link test configuration.

C. Document data for each measurement. Print data for submittals in a summary

report that is formatted using Table 10.1 in BICSI TDMM as a guide or transfer the

data from the instrument to the computer, save as text files, print, and submit.

D. End-to-end cabling will be considered defective if it does not pass tests and

inspections.

E. Prepare test and inspection reports.

END OF SECTION
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SECTION 26 05 26

GROUNDING

PART 1 - GENERAL

1.1 SUMMARY

a) Section Includes:

1. Material and installation requirements for grounding system(s).

b) Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract.

2. Division 01 - General Requirements.

3. Section 10 14 00 - Identification Devices.

4. Section 26 05 00 - Electrical:  Basic Requirements.

5. Section 26 05 19 - Wire and Cable - 600 Volt and Below.

6. Section 26 05 33 - Raceways and Boxes.

7. Section 26 08 13 - Acceptance Testing.

8. Section 26 41 14 - Lightning Protection System.

9. Underground distribution grounding.

10. Ground bonding common with lightning protection system.

11. Foundation steel electrodes.

1.2 MEASUREMENT AND PAYMENT

a) Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.

b) Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

a) Referenced Standards:

1. ASTM International (ASTM):

a. B8, Standard Specification for Concentric-Lay-Stranded Copper
Conductors, Hard, Medium-Hard, or Soft.

2. Institute of Electrical and Electronics Engineers, Inc. (IEEE):
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a. 837, Standard for Qualifying Permanent Connections Used in
Substation Grounding.

3. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).

1) Article 250, Grounding and Bonding.

4. Society of Cable Telecommunications Engineers (SCTE):

a. 77, Specification for Underground Enclosure Integrity.

5. Underwriters Laboratories, Inc. (UL):

a. 467, Grounding and Bonding Equipment.

b) Assure ground continuity is continuous throughout the entire Project.

c) Testing Agency Qualifications: Certified by NETA.

1.4 SUBMITTALS

a) Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. Product technical data.

a. Provide submittal data for all products specified in PART 2 of this
Specification Section except:

1) Grounding clamps, terminals and connectors.

2) Exothermic welding system.

b. See Specification Section 26 05 00 for additional requirements.

b) Coordination Drawings: Plans showing dimensioned locations of grounding
features specified in “Field Quality Control” Article, including the following:

a. Test wells.

b. Ground rods.

c. Ground rings.

d. Grounding arrangements and connections for separately derived
systems.

c) Field quality-control reports.

d) Operation and Maintenance Data: For grounding to include in emergency,
operation, and maintenance manuals.

1. In addition to items specified in Section 017823 "Operation and
Maintenance Data," include the following:

a. Plans showing as-built, dimensioned locations of grounding features
specified in "Field Quality Control" Article, including the following:

1) Test wells.

2) Ground rods.
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3) Ground rings.

4) Grounding arrangements and connections for separately derived
systems.

b. Instructions for periodic testing and inspection of grounding features at
test wells based on NETA MTS.

1) Tests shall determine if ground-resistance or impedance values
remain within specified maximums, and instructions shall
recommend corrective action if values do not.

2) Include recommended testing intervals.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

a) Subject to compliance with the Contract Documents, the following
manufacturers are acceptable:

1. Ground rods and bars and grounding clamps, connectors and terminals:

a. Burndy.

b. Harger Lightning Protection.

c. Heary Brothers.

d. Joslyn.

e. Robbins Lightning Protection.

f. Thomas & Betts (Blackburn).

g. Thompson.

h. Advanced Lightning Technologies.

i. ERICO

j. Siemens Industry, Inc.

2. Exothermic weld connections:

a. Erico Products Inc., Cadweld.

b. Harger Lightning Protection.

c. Thermoweld.

3. Prefabricated composite test stations:

a. Brooks

b. Quazite Composolite.

c. Armorcast Products Company.

b) Submit request for substitution in accordance with Specification Section 01 25
13.
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2.2 COMPONENTS

a) Wire and Cable:

1. Bare conductors:  Soft drawn stranded copper meeting ASTM B8.

a. Tinned Conductors: ASTM B 33.

b. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch
(6 mm) in diameter.

c. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

d. Bonding Jumper: Copper tape, braided conductors terminated with
copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm)
thick.

e. Tinned Bonding Jumper: Tinned-copper tape, braided conductors
terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16
inch (1.66 mm) thick.

2. Insulated conductors:  Color coded green, per Specification Section 26 05
19.

a. Copper wire or cable insulated for 600 V unless otherwise required by
applicable Code or authorities having jurisdiction.

b) Conduit:  As specified in Specification Section 26 05 33.

c) Ground Bars:

1. Solid copper:

a. 1/4 IN thick.

b. 2 or 4 IN wide.

c. 24 IN long minimum in main service entrance electrical rooms, 12 IN
long elsewhere.

2. Predrilled grounding lug mounting holes.

3. Stainless steel or galvanized steel mounting brackets.

4. Insulated standoffs.

d) Ground Rods:

1. 3/4 IN x 10 FT minimum.

2. Copperclad:

a. Heavy uniform coating of electrolytic copper molecularly bonded to a
rigid steel core.

b. Corrosion resistant bond between the copper and steel.

c. Hard drawn for a scar-resistant surface.

e) Grounding Clamps, Connectors and Terminals:

1. Mechanical type:

a. Standards:  UL 467.



WHCRWA
CENTRAL PUMP STATION GROUNDING

WHCRWA CENTRAL PUMP STATION
GROUNDING

26 05 26 - 5 OF 10

b. High copper alloy content.

2. Compression type for interior locations:

a. Standards:  UL 467.

b. High copper alloy content.

c. Non-reversible.

d. Terminals for connection to bus bars shall have two bolt holes.

3. Compression type suitable for direct burial in earth or concrete:

a. Standards:  UL 467, IEEE 837.

b. High copper alloy content.

c. Non-reversible.

f) Exothermic Weld Connections:

1. Copper oxide reduction by aluminum process.

2. Molds properly sized for each application.

g) Prefabricated Composite Material Test Stations:

1. Body and cover:  Fiberglass reinforced polymer concrete conforming to all
test provisions of SCTE 77.

2. Minimum load ratings:  SCTE 77 Tier 15.

3. Open bottom.

4. Stackable design as required for 3 FT depth.

5. Cover:

a. Engraved legend of "GROUND".

b. Lay-in non-bolt down.

6. Size: 12 IN round or 12 IN square.

PART 3 - EXECUTION

3.1 INSTALLATION

a) General:

1. Install products in accordance with manufacturer's instructions.

2. Size grounding conductors and bonding jumpers in accordance with NFPA
70 Article 250, except where larger sizes are indicated on the Drawings.

3. Remove paint, rust, or other nonconducting material from contact surfaces
before making ground connections.

4. Where ground conductors pass through floor slabs or building walls provide
non-metallic sleeves and install per Specification Section 01 73 20.
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5. Do not splice grounding conductors except at ground rods.

6. Install ground rods and grounding conductors in undisturbed, firm soil.

a. Provide excavation required for installation of ground rods and ground
conductors.

b. Use driving studs or other suitable means to prevent damage to
threaded ends of sectional rods.

c. Unless otherwise specified, connect conductors to ground rods with
compressor type connectors. Test before energize.

d. Provide sufficient slack in grounding conductor to prevent conductor
breakage during backfill or due to ground movement.

e. Backfill excavation completely, thoroughly tamping to provide good
contact between backfill materials and ground rods and conductors.

7. Do not use exothermic welding if it will damage the structure the grounding
conductor is being welded to.

b) Grounding Electrode System:

1. Provide a grounding electrode system in accordance with NFPA 70 Article
250 and as indicated on the Drawings.

2. Grounding conductor terminations:

a. Ground bars mounted on wall, use compression type terminal and bolt
it to the ground bar with two bolts.

b. Ground bars in electrical equipment, use compression type terminal
and bolt it to the ground bar.

c. Piping systems use mechanical type connections.

d. Building steel, below grade and encased in concrete, use compression
type connector or exothermic weld.

e. At all above grade terminations, the conductors shall be labeled per
Specification Section 10 14 00.

3. Ground ring grounding system:

a. Ground ring consists of ground rods and a grounding conductor looped
around the structure.

b. Placed at a minimum of 10 FT from the structure foundation and 2 FT-6
IN below grade.

c. Provide a minimum of four (4) ground rods placed at the corners of the
structure and additional rods so that the maximum distance between
ground rods does not exceed 50 FT.

d. Building/Structure grounding:

1) Bond building/structure metal support columns to the ground ring at
all corners of the structure.

2) Bond building/structure metal support columns as indicated on the
Drawings.
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e. Grounding conductor:  Bare conductor, size as indicated on the
Drawings.

f. Ground rod test stations:

1) Provide for all ground rod locations, unless otherwise noted.

2) Grounding conductors connected to ground rod with
removable ground clamps.

c) Supplemental Grounding Electrode:

1. Provide the following grounding in addition to the equipment ground
conductor supplied with the feeder conductors whether or not shown on the
Drawings.

2. Metal light poles:

a. Connect metal pole to a ground rod.

b. Grounding conductor:  Bare #6 AWG minimum.

3. Equipment support rack and pedestals mounted outdoors:

a. Connect metallic structure to a ground rod.

b. Grounding conductor:  #6 AWG minimum.

4. Engine generator:

a. Connect generator frame to the ground ring at two locations (opposite
corners of frame).

b. Grounding conductor:  Bare conductor, size as indicated on the
Drawings.

5. Ground cranes and hoists in accordance with NEC 610.

6. Ground elevators in accordance with NEC 620.

d) Other Bonding Requirements:

1. Other metal piping:

a. As indicated on the Drawings.

2. Lightning protection system:

a. Connect to ground ring.

e) Low Voltage Transformer Separately Derived Grounding System:

1. Ground separately mounted step-down transformers XO terminal to one of
the following:

a. Closest building steel using mechanical type terminal bolted to the
steel, compression type connection or exothermic weld.

b. Closest water pipe using a mechanical type connection.

2. Ground step-down transformer integrally mounted in motor control center to
motor control center ground bus.
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f) Telecommunications Grounding System:

1. Coil 5 FT of insulated #6 AWG conductor at each telephone terminal board
and mechanically connected to the service entrance electrical equipment.

g) Raceway Bonding/Grounding:

1. All metallic conduit shall be installed so that it is electrically continuous.

2. All conduits to contain a grounding conductor with insulation identical to the
phase conductors, unless otherwise indicated on the Drawings.

3. NFPA 70 required grounding bushings shall be of the insulating type.

4. Provide double locknuts at all panels.

5. Bond all conduit, at entrance and exit of equipment, to the equipment
ground bus or lug.

6. Provide bonding jumpers if conduits are installed in concentric knockouts.

7. Make all metallic raceway fittings and grounding clamps tight to ensure
equipment grounding system will operate continuously at ground potential
to provide low impedance current path for proper operation of overcurrent
devices during possible ground fault conditions.

h) Equipment Grounding:

1. All utilization equipment shall be grounded with an equipment ground
conductor.

2. Use generator manufacturer's provisions for grounding electric generators,
or manufacturer's written instructions, except as shown on the Contract
Drawings.

i) Cable Tray Grounding:

1. Make metal cable tray electrically continuous by one of the following
methods:

a. Tray sections and fittings suitable for grounding purposes.

b. Provide bonding jumpers at discontinuous joints.

c. Lay a grounding conductor within the tray for bonding of each individual
tray section.

1) Provide a minimum of one ground lug per tray section.

2) Grounding conductor sized in accordance with the plans.

3) Securely tie the grounding conductor to cable tray every 10 FT.
Bond the grounding conductor to the cable tray run a minimum of
every 50 FT with a UL listed connector.

2. Bond the tray or tray grounding conductor to every electrical equipment
ground bus or telecomm backboard ground bus where conductors
terminate.

3. Bond all conduits to the tray that extend the conductors to field equipment.
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j) Manhole and Handhole Grounding:

1. Provide a ground rod and ground bar, when indicated or as needed, in each
manhole and handhole with exposed metal parts.

a. Expose a minimum of 4 IN of the rod above the floor for field
connections to the rod.

2. Connect all exposed metal parts (e.g., conduits and cable racks) to the
ground rod.

k) Pad Mounted Switch and Above Grade Splice Box Grounding:

1. Provide a ground rod(s) in each enclosure with a minimum of 4 IN of rod
exposed above the floor for connection to the rod.

2. Connect metal frame to the ground rod.

3. Connect medium voltage cable shields to the ground rod.

l) Transformer Grounding:

1. Provide a ground ring around transformer with:

a. A minimum of four ground rods located at the corners.

b. A ground rod connected to the ring and located in the conduit stub up
area.

c. Or as indicated on the Drawings.

2. Connect medium voltage cable shields to the ground rod.

3. Connect surge arrestor to the ground rod.

4. Connect the XO and ground pad to the ground rod.

5. Connect exposed metallic conduits to the ground rod.

m) Prefabricated Composite Material Test Station:

1. Place test station on a foundation of compacted 1/4 to 1/2 IN crushed rock
or gravel a minimum of 8 IN thick and 6 IN larger than handholes footprint
on all sides.

2. Provide concrete encasement ring around test station per manufacturers
installation instructions (minimum of 10 IN wide x 12 IN deep).

3.2 FIELD QUALITY CONTROL

a) Leave grounding system uncovered until observed by Owner’s representative.

b) Acceptance testing:

1. See Specification Section 26 08 13.
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2. Test resistance of installed ground system after backfilling and before
connection to any other grounded system including underground piping,
utility services or other building ground systems and before energizing of
equipment.

END OF SECTION
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SECTION 26 05 29 

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supple-
mentary Conditions and Division 01 Specification Sections, apply to this Sec-
tion. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Hangers and supports for electrical equipment and systems. 

2. Construction requirements for concrete bases. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. IMC:  Intermediate metal conduit. 

C. RMC:  Rigid metal conduit. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For the following: 

1. Steel slotted support systems. 

2. Nonmetallic slotted support systems. 

B. Shop Drawings:  Show fabrication and installation details and include calcula-
tions for the following: 

1. Trapeze hangers.  Include Product Data for components. 

2. Steel slotted channel systems.  Include Product Data for components. 

3. Nonmetallic slotted channel systems.  Include Product Data for compo-
nents. 

4. Equipment supports. 

1.5 QUALITY ASSURANCE 

A. Comply with NFPA 70. 
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1.6 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into 
bases.  Concrete, reinforcement, and formwork requirements are specified to-
gether with concrete Specifications. 

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated com-
ponents for field assembly. 

1. Manufacturers: Subject to compliance with requirements, provide products 
by one of the following: 

a. Allied Tube & Conduit. 

b. Cooper B-Line, Inc.; a division of Cooper Industries. 

c. ERICO International Corporation. 

d. GS Metals Corp. 

e. Thomas & Betts Corporation. 

f. Unistrut; Tyco International, Ltd. 

g. Wesanco, Inc. 

2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied accord-
ing to MFMA-4. 

3. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or poly-
ester coating applied according to MFMA-4. 

4. Painted Coatings:  Manufacturer's standard painted coating applied accord-
ing to MFMA-4. 

5. Channel Dimensions:  Selected for applicable load criteria. 

B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

C. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated 
fittings, designed for types and sizes of raceway or cable to be supported. 

D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly con-
sisting of threaded body and insulating wedging plug or plugs for non-armored 
electrical conductors or cables in riser conduits.  Plugs shall have number, size, 
and shape of conductor gripping pieces as required to suit individual conductors 
or cables supported.  Body shall be malleable iron. 

E. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, 
steel plates, shapes, and bars; black and galvanized. 

http://www.specagent.com/LookUp/?ulid=1736&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802891&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817835&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802892&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802893&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802894&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817836&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802895&mf=04&src=wd
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F. Mounting, Anchoring, and Attachment Components:  Items for fastening electri-
cal items or their supports to building surfaces include the following: 

1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened 
portland cement concrete, steel, or wood, with tension, shear, and pullout 
capacities appropriate for supported loads and building materials where 
used. 

a. Available Manufacturers:  Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

b. Manufacturers:  Subject to compliance with requirements, provide prod-
ucts by one of the following: 

1) Hilti Inc. 

2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

3) MKT Fastening, LLC. 

4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit. 

2. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated steel, for 
use in hardened portland cement concrete with tension, shear, and pullout 
capacities appropriate for supported loads and building materials in which 
used. 

a. Available Manufacturers:  Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

b. Manufacturers: Subject to compliance with requirements, provide prod-
ucts by one of the following: 

1) Cooper B-Line, Inc.; a division of Cooper Industries. 

2) Empire Tool and Manufacturing Co., Inc. 

3) Hilti Inc. 

4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

5) MKT Fastening, LLC. 

3. Concrete Inserts:  Steel or malleable-iron, slotted support system units simi-
lar to MSS Type 18; complying with MFMA-4 or MSS SP-58. 

4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suit-
able for attached structural element. 

5. Through Bolts:  Structural type, hex head, and high strength.  Comply with 
ASTM A 325. 

6. Toggle Bolts:  All-steel springhead type. 

7. Hanger Rods:  Threaded steel. 

http://www.specagent.com/LookUp/?ulid=1742&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802899&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817838&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802900&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817839&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=1746&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817840&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802901&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802902&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817841&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802903&mf=04&src=wd
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2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated 
to fit dimensions of supported equipment. 

B. Materials:  Comply with requirements in Section 055000 "Metal Fabrications" for 
steel shapes and plates. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for 
electrical equipment and systems except if requirements in this Section are 
stricter. 

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  
Space supports for raceways as required by NFPA 70.  Minimum rod size shall 
be 1/4 inch in diameter. 

C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with 
steel slotted support system, sized so capacity can be increased by at least 25 
percent in future without exceeding specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit 
clamps. 

3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as 
specified in this Article. 

B. Raceway Support Methods:  In addition to methods described in NECA 1, race-
ways may be supported by openings through structure members, as permitted 
in NFPA 70. 

C. Strength of Support Assemblies:  Where not indicated, select sizes of compo-
nents so strength will be adequate to carry present and future static loads within 
specified loading limits.  Minimum static design load used for strength determi-
nation shall be weight of supported components plus 200 lb. 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components:  
Anchor and fasten electrical items and their supports to building structural ele-
ments by the following methods unless otherwise indicated by code: 

1. To Wood:  Fasten with lag screws or through bolts. 

2. To New Concrete:  Bolt to concrete inserts. 

3. To Masonry:  Approved toggle-type bolts on hollow masonry units and ex-
pansion anchor fasteners on solid masonry units. 
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4. To Existing Concrete:  Expansion anchor fasteners. 

5. Instead of expansion anchors, powder-actuated driven threaded studs pro-
vided with lock washers and nuts may be used in existing standard-weight 
concrete 4 inches thick or greater.  Do not use for anchorage to lightweight-
aggregate concrete or for slabs less than 4 inches thick. 

6. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with 
MSS SP-69. 

7. To Light Steel:  Sheet metal screws. 

8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  
Mount cabinets, panelboards, disconnect switches, control enclosures, pull 
and junction boxes, transformers, and other devices on slotted-channel 
racks attached to substrate. 

E. Drill holes for expansion anchors in concrete at locations and to depths that 
avoid reinforcing bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Section 055000 "Metal Fabrications" 
for site-fabricated metal supports. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, align-
ment, and elevation to support and anchor electrical materials and equipment. 

C. Field Welding:  Comply with AWS D1.1/D1.1M. 

3.4 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated but not less than 4 inches 
larger in both directions than supported unit, and so anchors will be a minimum 
of 10 bolt diameters from edge of the base. 

B. Use 3000-psi, 28-day compressive-strength concrete.  Concrete materials, rein-
forcement, and placement requirements are specified in 03 31 30 “Concrete, 
Materials, and Proportioning. 

C. Anchor equipment to concrete base. 

1. Place and secure anchorage devices.  Use supported equipment manufac-
turer's setting drawings, templates, diagrams, instructions, and directions 
furnished with items to be embedded. 

2. Install anchor bolts to elevations required for proper attachment to sup-
ported equipment. 

3. Install anchor bolts according to anchor-bolt manufacturer's written instruc-
tions. 
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3.5 PAINTING 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed 
areas immediately after erecting hangers and supports.  Use same materials as 
used for shop painting.  Comply with SSPC-PA 1 requirements for touching up 
field-painted surfaces. 

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 
mils. 

B. Touchup:  Comply with requirements in Division 09 “Finishes for cleaning and 
touchup painting of field welds, bolted connections, and abraded areas of shop 
paint on miscellaneous metal. 

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and 
apply galvanizing-repair paint to comply with ASTM A 780. 

END OF SECTION 
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SECTION 26 05 33

RACEWAYS AND BOXES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes

1. Material and installation requirements for:

a. Conduits.

b. Conduit fittings.

c. Conduit supports.

d. Wireways.

e. Outlet boxes.

f. Pull and junction boxes.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract.

2. Division 01 - General Requirements.

3. Division 03 - Concrete.

4. Section 05 50 00 - Metal Fabrications.

5. Section 26 05 00 - Electrical:  Basic Requirements.

6. Section 26 05 19 - Wire and Cable - 600 Volt and Below.

7. Section 26 05 43 - Electrical:  Exterior Underground.

8. Section 26 27 26 - Wiring Devices.

9. For Operations Building:

a. Section 27 05 28 “Pathways for Communications Systems” for conduits,
wireways, surface pathways, innerduct, boxes, faceplate adapters,
enclosures, cabinets, and handholes serving communications systems.

b. Section 28 05 28 “Pathways for Electronic Safety and Security” for
conduits, surface pathways, innerduct, boxes and faceplate adapters
serving electronic safety and security.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price. No separate payment will be made for this item.  Include the cost in
associated items for this project.
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B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. Aluminum Association (AA).

2. American Iron and Steel Institute (AISI).

3. ASTM International (ASTM):

a. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on
Iron and Steel Products.

b. A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware.

c. D2105, Standard Test Method for Longitudinal Tensile Properties of
“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe and
Tube.

d. D2564, Standard Specification for Solvent Cements for Poly (Vinyl
Chloride) (PVC) Plastic Piping Systems.

e. F512, Standard Specification for Smooth-Wall Poly (Vinyl Chloride) (PVC)
Conduit and Fittings for Underground Installation.

4. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

b. RN 1, Polyvinyl Chloride (PVC) Externally Coated Galvanized Rigid Steel
Conduit and Intermediate Metal Conduit (IMC).

c. TC 2, Electrical Polyvinyl Chloride (PVC) Tubing and Conduit.

d. TC 3, Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit
and Tubing.

5. National Electrical Manufacturers Association/American National Standards
Institute (NEMA/ANSI):

a. C80.1, Electric Rigid Steel Conduit (ERSC).

b. C80.3, Steel Electrical Metallic Tubing (EMT).

c. C80.5, Electrical Aluminum Rigid Conduit.

d. OS 1, Sheet-Steel Outlet Boxes, Device Boxes, Covers, and
BoxSupports.

6. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).

7. Underwriters Laboratories, Inc. (UL):

a. 1, Standard for Flexible Metal Conduit.

b. 6, Standard for Electrical Rigid Metal Conduit - Steel.
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c. 50, Enclosures for Electrical Equipment, Non-Environmental
Considerations.

d. 360, Standard for Liquid-Tight Flexible Steel Conduit.

e. 467, Grounding and Bonding Equipment.

f. 514A, Metallic Outlet Boxes.

g. 514B, Conduit, Tubing, and Cable Fittings.

h. 651, Standard for Schedule 40 and 80 Rigid PVC Conduit and Fittings.

i. 797, Electrical Metallic Tubing - Steel.

j. 870, Standard for Wireways, Auxiliary Gutters, and Associated   Fittings.

k. 886, Standard for Outlet Boxes and Fittings for Use in Hazardous
(Classified) Locations.

l. 1660, Liquid-Tight Flexible Nonmetallic Conduit.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. Product technical data:

a. Provide submittal data for all products specified in PART 2 of this
Specification Section.

b. See Specification Section 26 05 00 for additional requirements.

3. Fabrication and/or layout drawings:

a. Identify dimensional size of pull and junction boxes to be used.

1.5 DELIVERY, STORAGE, AND HANDLING

A. See Specification Section 26 05 00.

PART 2 - PRODUCTS

1. Rigid metallic conduits:

a. Allied Tube and Conduit Corporation.

b. Triangle PWC Inc.

c. Western Tube and Conduit Corporation.

d. Wheatland Tube Company.

e. LTV Steel Company.

f. EASCO Aluminum.

g. Indalex.

h. VAW of American, Inc.

i. AFC Cable Systems
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j. FSR Inc.

2. PVC coated rigid metallic conduits and repair kits:

a. Perma-Cote.

b. Rob-Roy Ind.

c. Raychem "GelTek" tape.

3. Rigid non-metallic conduit:

a. Carlon.

b. Cantex.

c. Osburn Associates.

d. Champion Fiberglass.

e. United Fiberglass of America, Inc.

4. Flexible metallic conduit:

a. AFC Cable Systems.

b. Anamet, Inc.

c. Carlon.

d. Electri-Flex.

e. Flexible Metal Hose Company.

f. International Metal Hose Company.

g. Triangle PWC Inc.

h. LTV Steel Company.

5. Flexible non-metallic conduit

a. Carlon

b. Carflex

6. Wireway:

a. Hoffman Engineering Company.

b. Wiegmann.

c. Square D.

7. Conduit fittings and accessories:

a. Appleton.

b. Carlon.

c. Cantex.

d. Crouse-Hinds.

e. Killark.

f. Osburn Associates.

g. OZ Gedney Company.

h. RACO.

i. Steel City.
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j. Thomas and Betts.

8. Support systems:

a. Unistrut Building Systems.

b. B-Line Systems Inc.

c. Kindorf.

d. Minerallac Fastening Systems.

e. Caddy.

9. Outlet, pull and junction boxes:

a. Appleton Electric Co.

b. Crouse-Hinds.

c. Killark.

d. O-Z/Gedney.

e. Steel City.

f. Raco.

g. Bell.

h. Hoffman Engineering Co.

i. Wiegmann.

j. B-Line Circle AW.

k. Adalet.

l. Rittal.

10. Anti seize compound

a. Crouse Hinds

B. Submit request for substitution in accordance with Specification Section 01 25
13.

2.2 RIGID METALLIC CONDUITS

A. PVC-Coated Rigid Steel Conduit (PVC-RGS):

1. Nominal 40 mil Polyvinyl Chloride Exterior Coating:

a. Coating:  Bonded to hot-dipped galvanized rigid steel conduit conforming
to NEMA/ANSI C80.1.

b. The bond between the PVC coating and the conduit surface:  Greater
than the tensile strength of the coating.

2. Conduit must have ETL rating.

3. Nominal 2 mil, minimum, urethane interior coating.

4. Urethane coating on threads.

5. Conduit:  Epoxy prime coated prior to application of PVC and urethane
coatings.
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6. Female Ends:

a. Have a plastic sleeve extending a minimum of 1 pipe diameter or 2 IN,

whichever is less beyond the opening.

b. The inside diameter of the sleeve shall be the same as the outside

diameter of the conduit to be used with it.

7. Standards:  NEMA/ANSI C80.1, UL 6, NEMA RN 1.

B. Rigid Galvanized Steel Conduit (RGS):

1. Mild steel with continuous welded seam.

2. Metallic zinc applied by hot-dip galvanizing or electro-galvanizing.

3. Threads galvanized after cutting.

4. Internal coating:  Baked lacquer, varnish or enamel for a smooth surface.

5. Standards:  NEMA/ANSI C80.1, UL 6.

C. Electrical Metallic Tubing (EMT):

1. Mild steel with continuous welded seam.

2. Metallic zinc applied by hot-dip galvanizing or electro-galvanizing.

3. Internal coating:  Baked lacquer, varnish, or enamel for a smooth surface.

4. Standards:  NEMA/ANSI C80.3, UL 797.

D. Rigid Aluminum Conduit (RAC):

1. AA Type 6063 aluminum alloy, T-1 temper.

2. Maximum copper content of 0.10 percent.

3. Extruded, seamless.

4. Standards:  NEMA/ANSI C80.5, UL 6.

2.3 RIGID NON-METALLIC CONDUIT

A. Schedules 40 (PVC-40) and 80 (PVC-80):

1. Polyvinyl-chloride (PVC) plastic compound which includes inert modifiers to
improve weatherability and heat distribution.

2. Rated for direct sunlight exposure.

3. Fire retardant and low smoke emission.

4. Shall be suitable for use with 90 DegC wire and shall be marked "maximum
90 DegC".

5. Standards:  NEMA TC 2, UL 651.

B. Fiberglass:

1. Epoxy based resin system using an anhydride curing agent.
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2. Continuous E-glass roving.

3. Winding angle approximately 54.75 degrees.

4. Halogen free additive for flame spread and smoke control.

5. Ultraviolet inhibitor:  Carbon black.

6. Two (2) step curing process.

7. Tensile strength:  9000 psi per ASTM D2105.

8. Integral bell and spigot.

9. Conduits and fittings to be joined with an epoxy adhesive creating a water
tight connection.

10. Standard:  UL 1684.

2.4 FLEXIBLE CONDUIT

A. Flexible Galvanized Steel Conduit (FLEX):

1. Formed of continuous, spiral wound, hot-dip galvanized steel strip with
successive convolutions securely interlocked.

2. Standard:  UL 1.

B. PVC-Coated Flexible Galvanized Steel (liquid-tight) Conduit (FLEX-LT):

1. Core formed of continuous, spiral wound, hot-dip galvanized steel strip with
successive convolutions securely interlocked.

2. Extruded PVC outer jacket positively locked to the steel core.

3. Liquid and vapor tight.

4. Standard:  UL 360.

C. Flexible non-metallic (liquid-tight) conduit (FLEX-NM):

1. Formed of a helically wound spiral of rigid PVC reinforcement embedded
within a flexible PVC wall.

2. Layered construction with a smooth seamless inner core of flexible PVC
that is bonded to a covering of flexible PVC.

3.  Between the layers is a woven nylon mesh for reinforcement.

4. Standard:  UL 1660.

2.5 WIREWAY

A. General:

1. Suitable for lay-in conductors.

2. Designed for continuous grounding.

3. Covers:
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a. Hinged

b. Non-removable when passing through partitions.

4. Finish:  Rust inhibiting primer and manufacturers standard paint inside and
out except for stainless steel type.

5. Standards:  UL 870, NEMA 250.

B. General Purpose (NEMA 1 rated) Wireway:

1. 14 or 16 gage steel without knockouts.

2. Cover:  Solid, non-gasketed and held in place by captive screws.

C. Raintight (NEMA 3R) Wiring Trough:

1. 14 or 16 GA galvanized steel without knockouts.

2. Cover:  Non-gasketed and held in place by captive screws.

D. Watertight (NEMA 4X rated) Wireway:

1. 14 GA Type 304 or 316 stainless steel bodies and covers without knockouts
and 10 GA stainless steel flanges.

2. Cover:  Fully gasketed and held in place continuous (piano) hinged with
three point latch.

3. Flanges:  Fully gasketed and bolted.

E. Dusttight (NEMA 12 rated) Wireway:

1. 14 GA steel bodies and covers without knockouts and 10 GA steel flanges.

2. Cover:  Fully gasketed and held in place with continuous (piano) hingeds
with three point latch.

3. Flanges:  Fully gasketed and bolted.

2.6 CONDUIT FITTINGS AND ACCESSORIES

A. Fittings for Use with RGS:

1. General:

a. In hazardous locations listed for use in Class I, Groups C and D locations.

2. Locknuts:

a. Threaded steel or malleable iron.

b. Gasketed or non-gasketed.

c. Grounding or non-grounding type.

3. Bushings:

a. Threaded, insulated metallic.

b. Grounding or non-grounding type.

4. Hubs:  Threaded, insulated and gasketed metallic for raintight connection.
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5. Couplings:

a. Threaded straight type: Same material and finish as the conduit with
which they are used on.

b. Threadless type:  Gland compression or self-threading type, concrete
tight.

6. Unions:  Threaded galvanized steel or zinc plated malleable iron.

7. Conduit bodies (ells and tees):

a. Body:  Zinc plated cast iron with threaded hubs.

b. Standard and mogul size.

c. Cover:

1) Clip-on type with stainless steel screws.

2) Gasketed or non-gasketed galvanized steel, zinc plated cast iron.

8. Conduit bodies (round):

a. Body:  Zinc plated cast iron.

b. Cover:  Threaded screw on type, gasketed, galvanized steel, zinc plated
cast iron.

9. Sealing fittings:

a. Body:  Zinc plated cast iron with threaded hubs.

b. Standard and mogul size.

c. With or without drain and breather.

d. Fiber and sealing compound:  UL listed for use with the sealing fitting.

B. Fittings for Use with RAC:

1. General:

a. In hazardous locations listed for use in Class I, Groups C and D locations.

2. Locknuts:

a. Threaded stainless steel.

b. Gasketed or non-gasketed.

c. Grounding or non-grounding type.

3. Bushings:

a. Threaded, insulated metallic.

b. Grounding or non-grounding type.

4. Hubs:  Threaded, insulated and gasketed metallic for raintight connection.

5. Couplings:

a. Threaded straight type:  Same material and finish as the conduit with
which they are used on.

6. Unions:  Threaded copper free cast aluminum.
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7. Conduit bodies (ells and tees):

a. Body:  Cast copper free aluminum with threaded hubs.

b. Standard and mogul size.

c. Cover:

1) Clip-on type with stainless steel screws.

2) Gasketed or non-gasketed cast copper free aluminum.

8. Conduit bodies (round):

a. Body:  Cast copper free aluminum with threaded hubs.

b. Cover:  Threaded screw on type, gasketed, cast copper free aluminum.

9. Sealing fittings:

a. Body: Cast copper free aluminum with threaded hubs.

b. Standard and mogul size.

c. With or without drain and breather.

d. Fiber and sealing compound:  UL listed for use with the sealing fitting.

C. Fittings for Use with PVC-RGS:

1. The same material and construction as those fittings listed under paragraph
"Fittings for Use with RGS" and coated as defined under paragraph "PVC
Coated Rigid Steel Conduit (PVC-RGS)."

D. Fittings for Use with EMT:

1. Connectors:

a. Straight, angle and offset types furnished with locknuts.

b. .Zinc plated steel.

c. Insulated gland compression type.

d. Concrete and raintight.

2. Couplings

a. Zinc plated steel.

b. Gland compression type.

c. Concrete and raintight.

3. Conduit bodies (ells and tees):

a. Body:  Copper free aluminum with threaded hubs.

b. Standard and mogul size.

c. Cover:

1) Screw down type with steel screws.

2) Gasketed or non-gasketed galvanized steel or copper free
aluminum.

4. Standard:  UL 514B.

E. Fittings for Use with FLEX:
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1. Connector:

a. Zinc plated malleable iron.

b. Squeeze or clamp-type.

2. Standard:  UL 514B.

F. Fittings for Use with FLEX-LT and FLEX-NM:

1. Connector:

a. Straight or angle type.

b. Metal construction insulated and gasketed.

c. Composed of locknut, grounding ferrule and gland compression nut.

d. Liquid tight.

2. Standards:  UL 467, UL 514B.

G. Fittings for Use with Rigid Non-Metallic PVC Conduit:

1. Coupling, adapters and conduit bodies:

a. Same material, thickness, and construction as the conduits with which
they are used.

b. Homogeneous plastic free from visible cracks, holes or foreign inclusions.

c. Bore smooth and free of blisters, nicks or other imperfections which could
damage the conductor.

2. Solvent cement for welding fittings shall be supplied by the same
manufacturer as the conduit and fittings.

3. Standards:  ASTM D2564, NEMA TC 3, UL 651, UL 514B.

H. Fittings for Use with Rigid Non-Metallic Fiberglass Conduit:

1. Coupling and adapters shall be of the same material, thickness, and
construction as the conduit.

2. Epoxy adhesive for joining conduits and fittings shall be supplied by the
same manufacturer as the conduit and fittings and shall provide a water
tight connection.

3. Standard:  UL 1684.

I. Weather and Corrosion Protection Tape:

1. PVC based tape, 10 mils thick.

2. Protection against moisture, acids, alkalis, salts and sewage and suitable
for direct bury.

3. Used with appropriate pipe primer.

2.7 ALL RACEWAY AND FITTINGS

A. Mark Products:
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1. Identify the nominal trade size on the product.

2. Stamp with the name or trademark of the manufacturer.

2.8 OUTLET BOXES

A. Metallic Outlet Boxes:

1. Hot-dip galvanized steel.

2. Conduit knockouts and grounding pigtail.

3. Styles:

a. 2 IN x 3 IN rectangle.

b. 4 IN square.

c. 4 IN octagon.

d. Masonry/tile.

4. Accessories:

a. Flat blank cover plates.

b. Barriers.

c. Extension, plaster or tile rings.

d. Box supporting brackets in stud walls.

e. Adjustable bar hangers.

5. Standards:  NEMA/ANSI OS 1, UL 514A.

B. Cast Outlet Boxes:

1. Zinc plated cast iron or die-cast copper free aluminum with manufacturers
standard finish.

2. Threaded hubs and grounding screw.

3. Styles:

a. "FS" or "FD".

b. Single or multiple gang and tandem.

c. "EDS" or "EFS" for hazardous locations.

4. Accessories:  40 mil PVC exterior coating and 2 mil urethane interior
coating.

5. Standards:  UL 514A, UL 886.

C. Non-metallic Outlet Boxes:

1. Polyvinyl-chloride (PVC) plastic compound.

2. Rated for direct sunlight exposure.

3. Fire retardant and low smoke emission.

4. Suitable for use with 90°C wire.
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5. Styles:

a. “FS” or “FD”.

b. Single or multiple gang.

6. Standards:  UL 514A, NEMA TC 3.

D. See Specification Section 26 27 26 for wiring devices, wall plates and cover
plates.

2.9 PULL AND JUNCTION BOXES

A. NEMA 1 Rated:

1. Body and cover:  14 GA minimum, galvanized steel or 14 GA minimum,
steel finished with rust inhibiting primer and manufacturers standard paint
inside and out.

2. With or without concentric knockouts on four (4) sides.

3. Flat cover fastened with screws.

B. NEMA 4X Rated (metallic):

1. Body and cover:  14 GA Type 316 stainless steel.

2. Seams continuously welded and ground smooth.

3. No knockouts.

4. External mounting flanges.

5. Hinged door and stainless steel screws and clamps.

6. Door with oil-resistant gasket.

C. NEMA 7 and NEMA 9 Rated:

1. Cast gray iron alloy or copper-free aluminum with manufacturers standard
finish.

2. Drilled and tapped openings or tapered threaded hub.

3. Cover bolted-down with stainless steel bolts or threaded cover with
neoprene gasket.

4. External mounting flanges.

5. Grounding lug.

6. Accessories:  40 mil PVC exterior coating and 2 mil urethane interior
coating.

D. NEMA 12 Rated:

1. Body and cover:

a. 14 GA steel finished with rust inhibiting primer and manufacturers

b. Standard paint inside and out.
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c. Type 5052 H-32 aluminum, unpainted.

2. Seams continuously welded and ground smooth.

3. No knockouts.

4. External mounting flanges.

5. Non-hinged cover held closed with captivated cover screws threaded into
sealed wells or hinged cover held closed with stainless steel screws and
clamps.

6. Flat door with oil resistant gasket.

E. Miscellaneous Accessories:

1. Rigid handles for covers larger than 9 SF or heavier than 25 LBS.

2. Split covers when heavier than 25 LBS.

3. Weld nuts for mounting optional panels and terminal kits.

4. Tamper proof screws.

5. Terminal blocks:  Screw-post barrier-type, rated 600 volt and 20 ampere
minimum.

F. Standards:  NEMA 250, UL 50.

2.10 SPECIAL PURPOSE BOXES

A. Pedestal-Type Floor-Mounted or Counter-Mounted Duplex Receptacles:

1. Horizontal design housing with threaded conduit fittings in base with satin
chromium finish.

B. Flush in Floor Duplex Receptacles:

1. Dual level, fully adjustable box with power fitting and brass carpet flange.

2.11 SUPPORT SYSTEMS

A. Multi-conduit Surface or Trapeze Type Support and Pull or Junction Box
Supports:

1. Material requirements.

a. Galvanized steel:  ASTM A123 or ASTM A153.

b. Stainless steel:  AISI Type 316.

c. PVC coat galvanized steel:  ASTM A123 or ASTM A153 and 20 mil PVC
coating.

d. Aluminum:  AA Type 6063-T6.

e. Fiberglass:  Fire-retardant polyester or vinylester resin, ASTM E84, UL
94.

B. Single Conduit and Outlet Box Support Fasteners:

1. Material requirements:



WHCRWA
CENTRAL PUMP STATION RACEWAYS AND BOXES

WHCRWA CENTRAL PUMP STATION
RACEWAYS AND BOXES

26 05 33 - 15 OF 26

a. Zinc plated steel.

b. Stainless steel.

c. Malleable iron.

d. PVC coat malleable iron or steel:  20 mil PVC coating.

e. Steel protected with zinc phosphate and oil finish.

2.12 OPENINGS AND PENETRATONS IN WALLS AND FLOORS

A. Sleeves, smoke and fire stop fitting through walls and floors:

1. See Specification Section 01 73 20.

PART 3 - EXECUTION

3.1 RACEWAY INSTALLATION - GENERAL

A. Shall be in accordance with the requirements of:

1. NFPA 70.

2. Manufacturer instructions.

B. Size of Raceways:

1. Raceway sizes are shown on the Drawings, if not shown on the Drawings,
then size in accordance with NFPA 70.

2. Unless specifically indicated otherwise, the minimum raceway size shall be:

a. Conduit:  3/4 IN.

b. Wireway:  2-1/2 IN x 2-1/2 IN.

C. Field Bending and Cutting of Conduits:

1. Utilize tools and equipment recommended by the manufacturer of the
conduit, designed for the purpose and the conduit material to make all field
bends and cuts.

2. Do not reduce the internal diameter of the conduit when making conduit
bends.

3. Prepare tools and equipment to prevent damage to the PVC coating.

4. Degrease threads after threading and apply a zinc rich paint.

5. Debur interior and exterior after cutting.

D. Male threads of conduit systems shall be coated with an electrically conductive
anti-seize compound.

E. The protective coating integrity of conduits, fittings, outlet, pull and junction
boxes and accessories shall be maintained.

1. Repair galvanized components utilizing a zinc rich paint.
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2. Repair painted components utilizing touch up paint provided by or approved
by the manufacturer.

3. Repair PVC coated components utilizing a patching compound, of the same
material as the coating, provided by the manufacturer of the conduit; or a
self-adhesive, highly conformable, cross-linked silicone composition strip,
followed by a protective coating of vinyl tape.

a. Total nominal thickness:  40 mil.

4. Repair surfaces which will be inaccessible after installation prior to
installation.

F. Remove moisture and debris from conduit before wire is pulled into place.

1. Pull mandrel with diameter nominally 1/4 IN smaller than the interior of the
conduit, to remove obstructions.

2. Swab conduit by pulling a clean, tight-fitting rag through the conduit.

3. Tightly plug ends of conduit with tapered wood plugs or plastic inserts until
wire is pulled.

G. Only nylon or polyethylene rope shall be used to pull wire and cable in conduit
systems.

H. Where portions of a raceway are subject to different temperatures and where
condensation is known to be a problem, as in cold storage areas of buildings or
where passing from the interior to the exterior of a building, the raceway shall
be sealed to prevent circulation of warm air to colder section of the raceway.

I. Fill openings in walls, floors, and ceilings and finish flush with surface.

1. See Specification Section 01 73 20.

2. Where conduit terminates at a cable tray system, fit conduit with an
insulated bushing.

3.2 RACEWAY ROUTING

A. Raceways shall be routed in the field unless otherwise indicated.

1. Conduit and fittings shall be installed, as required, for a complete system
that has a neat appearance and is in compliance with all applicable codes.

2. Run in straight lines parallel to or at right angles to building lines.

3. Do not route conduits:

a. Through areas of high ambient temperature or radiant heat.

b. In suspended concrete slabs.

4. Conduit shall not interfere with, or prevent access to, piping, valves,
ductwork, or other equipment for operation, maintenance and repair.
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5. Provide pull boxes or conduit bodies as needed so that there is a maximum
of 270 degrees of bends or 3-90 degree bends in the conduit run or in long
straight runs to limit pulling tensions.

B. All rigid conduits within a structure shall be installed exposed except as follows:

1. As indicated on the Drawings.

2. Concealed above gypsum wall board or acoustical tile suspended ceilings.

3. Concealed within stud frame, poured concrete, concrete block and brick
walls of an architecturally finished area.

4. Embedded in floor slabs or buried under floor serving equipment in non-
architecturally finished areas that are not located on or near a wall or
column and the ceiling height is greater than 12 FT.

5. Embedded in floor slabs or buried under floor slabs where shown on the
Contract Drawings or with the Owner's representative’s permission.

C. Maintain minimum spacing between parallel conduit and piping runs in
accordance with the following when the runs are greater than 30 FT:

1. Between instrumentation and telecommunication:  1 IN.

2. Between instrumentation and 125 V, 48 V and 24 Vdc, 2 IN.

3. Between instrumentation and 600 V and less AC power or control:  12 IN.

4. Between instrumentation and greater than 600 Vac power:  12 IN.

5. Between telecommunication and 125 V, 48 V and 24 Vdc, 2 IN.

6. Between telecommunication and 600 V and less AC power or control:  6 IN.

7. Between telecommunication and greater than 600 Vac power:  12 IN.

8. Between 125 V, 48 V and 24 Vdc and 600 V and less AC power or control:
IN.

9. Between 125 V, 48 V and 24 Vdc and greater than 600 Vac power:  2 IN.

10. Between 600 V and less AC and greater than 600 Vac:  2 IN.

11. Between process, gas, air and water pipes:  6 IN.

D. Conduits shall be installed to eliminate moisture pockets.

1. Where water cannot drain to openings, provide drain fittings in the low spots
of the conduit run.

E. Conduit shall not be routed on the exterior of structures except as specifically
indicated on the Drawings.

F. Where sufficient room exists within the housing of roof-mounted equipment, the
conduit shall be stubbed up inside the housing.

G. Provide all required openings in walls, floors, and ceilings for conduit
penetration.
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1. See Specification Section 01 73 20.

H. Conduit embedded in columns and floor slabs or buried under slab-on-grade:

1. Run in the most direct, practical route.

2. Not to be installed under equipment pads unless approved by Owner’s
representative.

3. No crossovers unless approved by the Owner’s representative.

4. To be backfilled with concrete during the installation of the slab-on-grade. or
To be placed, backfilled and compacted in the slab subgrade, as indicated
on drawings.

5. Secured in place to prevent movement during the backfill and pour.

I. Conduits and accessories embedded in concrete where shown on the Contract
Drawings:

1. Shall not be considered to replace structurally the displaced concrete
except as indicated in the following:

2. Conduit and fittings shall not displace more than 4 percent of the area of the
cross-section of a column on which stress is calculated or which is required
for fire protection.

3. Size and locate sleeves or conduits passing through floors, walls, or beams
so as not to significantly impair the strength of the construction.

4. Sleeves or conduits passing through floors, walls or beams may be
considered as replacing the displaced concrete structurally in compression.

5. Shall not be exposed to rusting or other deterioration.

6. Nominal inside diameter shall not exceed 2 IN.

7. Minimum spacing:  3 DIA OC.

J. Shall not be larger in outside diameter than one-third the thickness of the slab,
column or beam.

K. Shall have a minimum spacing of 3 DIA OC.

L. In reinforced concrete construction:

1. Conduit shall not be run in beams.

2. Place conduit after reinforcing steel has been laid.

3. The reinforcement steel shall not be displaced by the conduit.

4. Provide a minimum of 1-1/2 IN of cover over conduit, excluding surface
finish.

5. Conduits parallel to main reinforcement shall be run near the center of the
wall.
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6. Conduits perpendicular to main reinforcement shall be run midway between
wall or slab supports.

3.3 RACEWAY APPLICATIONS

A. Permitted Raceway Types per Wire or Cable Types:

1. Power wire or cables:  All raceway types.

2. Control wire or cables:  All raceway types.

3. Instrumentation cables:  Metallic raceway except non-metallic may be used
underground.

4. Motor leads from a VFD:  RGS, RAC or shielded VFD cables in all other
raceways.

5. Telecommunication cables:  All raceway types.

B. Permitted Raceway Types Per Area Designations:

1. Dry areas:

a. RGS.

b. RAC.

2. Wet areas:
a. RGS.

b. RAC.

3. Corrosive areas:

a. PVC-RGS.

b. PVC-80.

c. Fiberglass.

d. As nducated on drawings.

C. Permitted Raceway Types Per Routing Locations:

1. In stud framed walls:

a. EMT.

2. In concrete block or brick walls:

a. PVC-40.

3. Above acoustical tile ceilings:

a. EMT.

b. NEMA 1 rated wireway.

4. Embedded in poured concrete walls and floors:

a. PVC-40.

b. Fiberglass.

c. Fiberglass when emerging from concrete into areas designated as  wet,
corrosive or highly corrosive.
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d. PVC-RGS when emerging from concrete into areas designated as wet,
corrosive or highly corrosive.

5. Beneath floor slab-on-grade:

a. PVC-40.

b. Fiberglass.

6. Through floor penetrations, see Specification Section 01 73 20:

a. Fiberglass in areas designated as wet, corrosive or highly corrosive.

b. PVC-RGS in areas designated as wet, corrosive or highly corrosive.

7. Direct buried conduits and ductbanks:

a. PVC-80.

b. Fiberglass.

c. 90 degree elbows for transitions to above grade:

1) PVC-RGS.

2) Fiberglass.

d. Long sweeping bends greater than 15 degrees:

1) PVC-RGS.

2) Fiberglass.

8. Concrete encased ductbanks:

a. PVC-40.

b. Fiberglass.

c. 90 degree elbows for transitions to above grade:

1) PVC-RGS.

2) Fiberglass.

d. Long sweeping bends greater than 15 degrees:

1) RGS for sizes 2 IN and larger.

2) Fiberglass.

D. FLEX conduits shall be installed for connections to light fixtures, HVAC
equipment and other similar devices above the ceilings.

1. The maximum length shall not exceed:

a. 6 FT to light fixtures.

b. 3 FT to all other equipment.

E. FLEX-LT and FLEX-NM conduits shall be install as the final conduit connection
to light fixtures, dry type transformers, motors, electrically operated valves,
instrumentation primary elements, and other electrical equipment that is liable
to vibrate.

1. The maximum length shall not exceed:

a. 6 FT to light fixtures.
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b. 3 FT to motors.

c. 2 FT to all other equipment.

F. HAZ-FLEX coupling shall be installed as the final conduit to motors, electrically
operated valves, instrumentation primary elements and electrical equipment
that is liable to vibrate.

1. The maximum length shall not exceed:

a. 3 FT to motors.

b. 2 FT to all other equipment.

G. NEMA 1 Rated Wireway:
1. Surface mounted in electrical rooms.

2. Surface mounted above removable ceilings tiles of an architecturally
finished area.

H. NEMA 3R Wiring Trough:

1. Surface mounted in exterior locations.

I. NEMA 4X Rated Wireway:

1. Surface mounted in areas designated as wet and or corrosive.

J. NEMA 12 Rated Wireway:

1. Surface mounted in areas designated as dry in architecturally and non-
architecturally finished areas.

K. Underground Conduit:  See Specification Section 26 05 43.

3.4 CONDUIT FITTINGS AND ACCESSORIES

A. Rigid non-metallic conduit and fittings shall be joined utilizing solvent cement.

1. Immediately after installation of conduit and fitting, the fitting or conduit shall
be rotated 1/4 turn to provide uniform contact.

B. Install Expansion Fittings:

1. Where conduits are exposed to the sun and conduit run is greater than 200
FT.

2. Elsewhere as identified on the Drawings.

C. Install Expansion/Deflection Fittings:

1. Where conduits enter a structure.

a. Except electrical manholes and handholes.

b. Except where the ductbank is tied to the structure with rebar.

2. Where conduits span structural expansions joints.

3. Elsewhere as identified on the Drawings.

D. Threaded connections shall be made wrench-tight.
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E. Conduit joints shall be watertight:

1. Where subjected to possible submersion.

2. In areas classified as wet.

3. Underground.

F. Terminate Conduits:

1. In metallic outlet boxes:

a. RGS and RAC:

1) Conduit hub and locknut.

2) Insulated bushing and two (2) locknuts.

3) Use grounding type locknut or bushing when required by NFPA 70.

b. EMT:  Compression type connector and locknut.

2. In NEMA 1 rated enclosures:

a. RGS and RAC:

1) Conduit hub and locknut.

2) Insulated bushing and two (2) locknuts.

3) Use grounding type locknut or bushing when required by NFPA 70.

b. EMT:  Compression type connector and locknut.

3. In NEMA 12 rated enclosures:

a. Watertight, insulated and gasketed hub and locknut.

b. Use grounding type locknut or bushing when required by NFPA 70.

4. In NEMA 4 and NEMA 4X rated enclosures:

a. Watertight, insulated and gasketed hub and locknut.

5. In NEMA 7 and NEMA 9 rated enclosures:

a. Into an integral threaded hub.

6. When stubbed up through the floor into floor mount equipment:

a. With an insulated grounding bushing on metallic conduits.

b. With end bells on non-metallic conduits.

G. Threadless couplings shall only be used to join new conduit to existing conduit
when the existing conduit end is not threaded and it is not practical or possible
to cut threads on the existing conduit with a pipe threader.

3.5 CONDUIT SUPPORT

A. Permitted multi-conduit surface or trapeze type support system per area
designations and conduit types:

1. Dry or wet and/or hazardous areas:

a. Galvanized system consisting of:  Galvanized steel channels and fittings,
nuts and hardware and conduit clamps.
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b. Aluminum system consisting of:  Aluminum channels, fittings and condit
clamps with stainless steel nuts and hardware.

2.  Corrosive areas:

a. PVC coated steel system consisting of:  PVC coated galvanized  steel
channels and fittings and conduit clamps with stainless steel nuts and
hardware.

b. Fiberglass system consisting of:  Fiberglass channels and fittings, nuts
and hardware and conduit clamps.

3. Conduit type shall be compatible with the support system material.

a. Galvanized steel system may be used with RGS and EMT.

b. Stainless steel system may be used with RGS, PVC-RGS and RAC.

c. PVC coated galvanized steel system may be used with PVC-RGS, RAC,
PVC-40, PVC-80, and Fiberglass.

d. Aluminum system may be used with RAC and PVC-RGS.

e. Fiberglass system may be used with PVC-40 and PVC-80, PVC-RGS,
and Fiberglass.

B. Permitted single conduit support fasteners per area designations and conduit
types:

1. Architecturally finished areas:

a. Material:  Zinc plated steel, or steel protected with zinc phosphate and oil
finish.

b. Types of fasteners:  Spring type hangers and clips, straps, hangers with
bolts, clamps with bolts and bolt on beam clamps.

c. Provide anti-rattle conduit supports when conduits are routed through
metal studs.

2. Dry or wet and/or hazardous areas:

a. Material:  Zinc plated steel, stainless steel and malleable iron.

b. Types of fasteners:  Straps, hangers with bolts, clamps with bolts and
bolt on beam clamps.

3. Corrosive areas:

a. Material:  PVC coat malleable iron or steel.

b. Types of fasteners:  Straps, hangers with bolts, clamps with bolts and
bolt on beam clamps.

4. Conduit type shall be compatible with the support fastener material.

a. Zinc plated steel, steel protected with zinc phosphate and oil finish and
malleable iron fasteners may be used with RGS and EMT.

b. Stainless steel system may be used with RGS, PVC-RGS, and RAC.

c. PVC coated fasteners may be used with PVC-RGS, RAC, PVC-40, and
PVC-80.
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d. Non-metallic fasteners may be used with PVC-40, PVC-80 and
fiberglass.

C. Conduit Support General Requirements:

1. Maximum spacing between conduit supports per NFPA 70.

2. Support conduit from the building structure.

3. Do not support conduit from process, gas, air or water piping; or from other

a. Conduits.
4. Provide hangers and brackets to limit the maximum uniform load on a

single support to 25 LBS or to the maximum uniform load recommended by
the manufacturer if the support is rated less than 25 LBS.

a. Do not exceed maximum concentrated load recommended by the
 manufacturer on any support.

b. Conduit hangers:

1) Continuous threaded rods combined with struts or conduit clamps:
Do not use perforated strap hangers and iron bailing wire.

c. Do not use suspended ceiling support systems to support raceways.

d. Hangers in metal roof decks:

1) Utilize fender washers.

2) Not extend above top of ribs.

3) Not interfere with vapor barrier, insulation, or roofing.

5. Conduit support system fasteners:

a. Use sleeve-type expansion anchors as fasteners in masonry wall
construction.

b. Do not use concrete nails and powder-driven fasteners.

6. Comply with the requirements of Specification Section 03 41 33 for
fasteners in precast-prestressed concrete construction.

7. Comply with the requirements of Specification Section 05 50 00 for
fasteners in cast-in-place concrete construction.

3.6 OUTLET, PULL AND JUNCTION BOX INSTALLATION

A. General:

1. Install products in accordance with manufacturer's instructions

2. Install approved thread grease on all plugs prior to installation.

3. See Specification Section 26 05 00 and the Drawings for area
classifications.

4. Fill unused punched-out, tapped, or threaded hub openings with insert
plugs. Size boxes to accommodate quantity of conductors enclosed and
quantity of conduits connected to the box.
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B. Outlet Boxes:

1. Permitted uses of metallic outlet boxes:

a. Housing of wiring devices:

1) Recessed in all stud framed walls and ceilings.

2) Recessed in poured concrete, concrete block and brick walls of
architecturally finished areas and exterior building walls.

b. Pull or junction box:

1) Above gypsum wall board or acoustical tile ceilings.

2) Above 10 FT in an architecturally finished area where there is no
ceiling.

2. Permitted uses of cast outlet boxes:

a. Housing of wiring devices surface mounted in non-architecturally finished
dry, wet, corrosive, and hazardous areas.

b. Pull and junction box surface mounted in non-architecturally finished dry,
wet, and corrosive areas.

3. Permitted uses of non-metallic outlet boxes:

a. Housing of wiring devices surface mounted in non-architecturally finished
corrosive areas.

b. Pull and junction box surface mounted in non-architecturally finished
corrosive areas.

4. Mount device outlet boxes where indicated on the Drawings and at heights
as scheduled in Specification Section 26 05 00.

5. Set device outlet boxes plumb and vertical to the floor.

6. Outlet boxes recessed in walls:

a. Install with appropriate stud wall support brackets or adjustable bar
hangers so that they are flush with the face of the wall.

b. Locate in ungrouted cell of concrete block with bottom edge of box flush
with bottom edge of block and flush with the face of the block.

7. Place barriers between switches in boxes with 277 V switches on opposite
phases.

8. Back-to-back are not permitted.

9. When an outlet box is connected to a PVC coated conduit, the box shall
also be PVC coated.

C. Pull and Junction Boxes:

1. Install pull or junction boxes in conduit runs where indicated or required to
facilitate pulling of wires or making connections.

a. Make covers of boxes accessible.

2. Permitted uses of NEMA 1 enclosure:
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a. Pull or junction box surface mounted above removable ceiling tiles of an
architecturally finished area.

3. Permitted uses of NEMA 4X metallic enclosure:

a. Pull or junction box surface mounted in areas designated as wet and/or
corrosive.

4. Permitted uses of NEMA 4X non-metallic enclosure:

5. Pull or junction box surfaced mounted in indoors only areas designated as
wet and/or corrosive where used with PVC Schedule 80 conduit
only.Permitted uses of NEMA 7 enclosure:

a. Pull or junction box surface mounted in areas designated as Class I
hazardous.

1) Provide PVC coating in corrosive and highly corrosive areas when
PVC coated conduit is used.

6. Permitted uses of NEMA 9 enclosure:

a. Pull or junction box surface mounted in areas designated as Class II
hazardous.

b. Provide PVC coating in corrosive and highly corrosive areas when PVC
coated conduit is used.

7. Permitted uses of NEMA 12 enclosure:

a. Pull or junction box surface mounted in areas designated as dry.

3.7 FIRESTOPPING

A. Install firestopping at penetrations of fire-rated floor and wall assemblies.
Comply with requirements in Section 07 84 00 “Firestopping”.

3.8 PROTECTION

A. Protect coatings, finishes, and cabinets from damage and deterioration.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by
manufacturer.

2. Repair damage to PVC coatings or paint finishes with matching touchup
coating recommended by manufacturer.

END OF SECTION
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SECTION 26 05 36 

CABLE TRAY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Cable tray and associated fittings and supports. 

B. Related sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 

Contract. 

2. Division 01 - General Requirements. 

3. Section 01 25 13 – Product Substitutions. 

4. Section 01 33 00 – Submittals. 

5. Division 07 – Thermal and Moisture Protection. 

6. Section 07 84 00 - Fire stopping. 

7. Division 10 – Specialties. 

8. Section 10 14 00 - Identification Devices. 

9. Division 23 - Heating Ventilating and Air Conditioning. 

10. Division 26 - Electrical 

11. Section 26 05 00 - Electrical:  Basic Requirements. 

12. Section 26 05 26 - Grounding. 

13. Section 26 05 33 - Raceways and Boxes. 

14. Division 27 - Communications. 

15. Division 28 - Electronic Safety and Security. 

16. Division 40 - Process Integration. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 

associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment 

for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 
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1. ASTM International (ASTM): 

a. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on 

Iron and Steel Products. 

b. A510, Standard Specification for General Requirements for Wire Rods 

and Coarse Round Wire, Carbon Steel. 

c. A1011, Standard Specification for Steel, Sheet and Strip, Hot-Rolled, 

Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy 

with Improved Formability. and Ultra-High Strength. 

d. B633, Standard Specification for Electrodeposited Coatings of Zinc on 

Iron and Steel. 

2. National Electrical Manufacturers Association (NEMA): 

a. VE-1, Metal Cable Tray Systems. 

b. VE-2, Metal Cable Tray Installation Guidelines. 

3. Underwriters Laboratories, Inc. (UL). 

4. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC). 

5. Building code: 

a. International Code Council (ICC): 

1) International Building Code and associated standards, 2009 Edition 

including all amendments, referred to herein as Building Code. 

1.4 DEFINITIONS 

A. Types of Cable Tray: 

1. Ladder:  A prefabricated metal structure consisting of two (2) longitudinal side 

rails connected by individual transverse members of rungs. 

2. Ventilated trough:  A prefabricated metal structure consisting of two (2) 

longitudinal side rails and a ventilated bottom with clear openings no greater 

than 4 IN. 

3. Solid-bottom:  A prefabricated metal structure consisting of two (2) 

longitudinal side rails and a bottom with no openings within the cable-bearing 

surface. 

4. Channel:  A prefabricated metal structure consisting of a one-piece ventilated 

or solid bottom channel section not exceeding 6 IN in width. 

5. Single-rail:  A prefabricated metal structure consisting of one (1) longitudinal 

rail with transversely connected rungs that project from one (1) or both sides, 

which may be single- or multi-tier. 
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6. Wire-mesh:  A rigid tray systems constructed from high strength wire spaced 

parallel with 2 IN longitudinal and 4 IN transverse wire, spot welded at all 

intersections. 

1.5 SYSTEM DESCRIPTION 

A. Miscellaneous: 

1. Cable tray systems are sized on the Drawings. 

2. When cable tray system size is not shown on the Drawings or scheduled, the 

cable tray shall be sized in accordance with the NFPA 70 and the 

requirements of this Section. 

3. Cable tray runs, where shown, are diagrammatic and intended to be used as 

a guide, unless otherwise indicated on the Drawings. 

a. Site conditions may affect actual routing. 

b. Contractor shall coordinate routing and measurement with other trades 

and with equipment suppliers to avoid interference with equipment, 

piping, ductwork, etc. 

1.6 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01 33 00 for requirements for the mechanics and administration 

of the submittal process. 

2. Product technical data. 

a. Provide submittal data for all products specified in PART 2 of this Section. 

b. See Section 26 05 00 for additional requirements. 

3. Fabrication and/or layout drawings: 

a. Routing, size and fittings. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. See Section 26 05 00. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following manufacturers 

are acceptable: 

1. Cable tray systems: 
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a. B-Line. 

b. T.J. Cope. 

c. Husky/Burndy. 

d. Thomas & Betts. 

e. P-W Ind. 

2. Wire-mesh cable tray systems: 

a. B-Line. 

b. T.J. Cope. 

c. Husky/Burndy. 

d. Cablofil. 

e. Chalfant. 

f. Niedex. 

g. Thomas & Betts. 

3. Cable tray conduit and ground clamps and brackets: 

a. B-Line. 

b. P-W Ind. 

c. O.Z. Gedney. 

d. Thomas & Betts. 

B. Submit request for substitution in accordance with Section 01 25 13. 

2.2 COMPONENTS 

A. Ladder Tray: 

1. Materials: 

a. Aluminum: 

1) Side channels:  Heat treatable alloy Type 6063-T6. 

2) Transverse elements:  Heat-treated alloy Type 6063-T6 (solid 

channel) or Type 6063-NHT (tubular). 

3) Hardware:  Stainless steel. 

2. Fabrication: 

a. Standard: 

1) Metallic:  NEMA VE-1. 

b. The working (allowable) load capacity: As indicated in the Cable Tray 

Schedule. 

c. Side rails: 

1) I-beam or channel. 
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2) Flange in or out (full width top opening). 

3) Useable clear nominal loading depth:  As indicated in the Cable Tray 

Schedule. 

d. Transverse elements:  Solid bar, tube, or channel with stiffened flanges. 

e. Useable clear nominal loading width:  As indicated in the Cable Tray 

Schedule.  

f. Maximum centerline rung spacing on straight sections: As indicated on 

drawings. 

g. Metallic trays shall be UL classified per NFPA 70 as an equipment 

grounding conductor. 

B. Wire-Mesh Tray: 

1. Material: 

a. Steel wires and fasteners:  ASTM A510 carbon steel hot dipped 

galvanized after fabrication per ASTM A123 or electroplated per ASTM 

B633. 

2. Fabrication: 

a. Wires formed into a 2 IN by 4 IN mesh pattern with intersecting wires 

welded together. 

b. The top of the side rails formed to create a safety system for the cables 

and installers (e.g., rounded transverse wire ends, top wire T welded to 

transverse wires). 

c. Fittings (bends, risers, tees, etc.) to be constructed on-site using side 

action bolt croppers and fastened using spring action couplers or clamps 

with bolts and nuts. 

d. Useable clear loading depth:  Minimum 2 IN. 

e. Useable clear loading width:  As indicated in the Cable Tray Schedule.  

f. UL classified per NFPA 70 as an equipment grounding conductor. 

C. Fittings: 

1. Radius of bends:  As required for cable layout in tray. 

2. Degrees of arc for elbows:  As required for cable tray layout. 

D. Accessories including, but not limited to, splice plates, barrier strips, drop outs, 

box connector, end plate and conduit clamps to be the same material as the tray 

or other compatible material. 

E. Cable Tray Ground Clamps: 

1. Malleable iron or tin-plated extruded aluminum with zinc-plated or stainless 

steel screws. 
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2. Serrated edges to bite into and bond to the cable tray system. 

F. Support system 

1. Material:  See Section 26 05 00 for material specifications. 

2. See PART 3 of this Section for material type. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with NEMA VE-2 and as recommended by the 

manufacturer's instructions unless otherwise indicated on the Drawings. 

B. Install cable tray, fittings and accessories, as required, for a complete system that 

has a neat appearance and is in compliance with all applicable codes. 

C. Install cable tray systems as close as practical to the locations and elevations 

shown on the Drawings. 

1. Minor changes (12 IN or less) in location or elevation may be made to avoid 

interference with piping, ductwork and equipment. 

2. Obtain Owner’s representative's approval prior to making major changes 

(greater than 12 IN) in location or elevation. 

3. When cable tray is located adjacent to, beneath or near large piping or major 

equipment, or terminates at equipment; do not install cable tray until the 

installation of such piping and equipment is complete. 

4. Ensure openings are provided in walls that cable tray will penetrate. 

5. Fire stop penetrations in fire-rated walls per Section 07 84 00. 

a. Use a removable fire stopping system such as pillows. 

D. Cable Tray Supports: 

1. Provide supports at required locations to provide the loading capacity as 

indicated in the Cable Tray Schedule. 

2. Cantilever bracket type when cable tray is installed adjacent to a wall. 

3. Trapeze type hangers for all other applications. 

4. For vertical runs in excess of 20 FT, support the tray by angles bolted through 

the side rails and suspended from hanger rod, which is connected to a 

cantilevered support. 

5. In seismic locations provide required supports and/or sway bracing per local 

Building Codes. 
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E. Permitted prefabricated bracket or trapeze type support system per area 

designations and tray material: 

1. Dry or wet areas: 

a. Aluminum system consisting of:  Aluminum channels and fittings with 

stainless steel nuts and hardware and conduit clamps. 

2. Tray material shall be compatible with the support system material. 

a. Stainless steel system may be used aluminum trays. 

b. Aluminum system may be used with aluminum trays. 

F. Whenever cable tray system spans a structural expansion joint provide one (1) 

of the following: 

1. Expansion connector allowing a minimum of 1 IN straight-line movement of 

sections. 

2. A 2 IN discontinuity (gap) in the cable tray to allow horizontal and vertical 

movement. 

G. Maintain electrical continuity of the cable tray system. 

1. Bolt connectors to each section or fitting. 

2. Span expansion connectors by a bonding jumper. 

3. Use one (1) of the following to bond conduits to the tray: 

a. Conduits connected to the cable tray system by a one-piece conduit 

clamp shall be considered bonded to the cable tray system. 

b. Terminate conduits connected to the cable tray system by a bracket and 

clamp assembly in an insulated grounding bushing and bond to the cable 

tray system. 

4. Tighten all bolted connections to manufacturer's recommendations to ensure 

electrical continuity. 

H. Cable Tray System Grounding: 

1. See Section 26 05 26. 

I. Secure cables in vertical runs of cable tray with cable clamps or ties as near as 

practical to the top and bottom of the vertical run and at a maximum of 6 FT 

spacing over the length of the run. 

1. Plastic wire ties to be UV resistant type. 

J. Conduit terminating at a cable tray system: 

1. See Section 26 05 33. 
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K. Use flanged fittings to terminate cable tray systems at switchgear, motor control 

centers, and other equipment, unless indicated otherwise on the Drawings. 

1. Peak flanged. 

L. Install barrier strips in cable tray systems containing both power and control 

wiring to physically separate the control cables from the power cables. 

M. Cable Installation: 

1. Conductors #4/0 AWG and less, shall be in a multi-conductor cable. 

2. Conductors 250 kcmil and larger, shall be single conductor cables bundled 

together, Phase A, B, C and neutral and/or ground when required, unless 

otherwise shown on drawings. 

3.2 FIELD QUALITY CONTROL 

A. Tray Fill Calculations: 

1. Cable tray fill shall not exceed NFPA 70 requirements. 

a. The Contractor shall coordinate the installation of all cables and maintain 

cable fill calculations and schedule of cables in the trays. 

B. Remove trash and accumulated dirt from the entire cable tray system at the 

completion of the project and install covers where applicable. 

C. Tagging and warning signs: 

1. See Section 10 14 00. 

END OF SECTION 
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SECTION 26 05 43

ELECTRICAL:  EXTERIOR UNDERGROUND

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Material and installation requirements for:

a. Manholes.

b. Handhole.

c. Underground conduits and ductbanks.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract.

2. Division 01 - General Requirements.

3. Division 03 - Concrete.

4. Section 10 14 00 - Identification Devices.

5. Section 26 05 26 - Grounding.

6. Section 26 05 33 - Raceways and Boxes.

7. Section 31 21 33 - Trenching, Backfilling and Compacting for Utilities.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. American Association of State Highway and Transportation Officials
(AASHTO):

a. Standard Specifications for Highway Bridges.

b. A48/A48M-03, standard specification for gray iron castings.

2. ASTM International (ASTM):

a. A536, Standard Specification for Ductile Iron Castings.

3. National Fire Protection Association (NFPA):
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a. 70, National Electrical Code (NEC).

4. Society of Cable Telecommunications Engineers (SCTE):

a. 77, Specification for Underground Enclosure Integrity.

1.4 DEFINITIONS

A. Direct-buried conduit(s):

1. Individual (single) underground conduit.

2. Multiple underground conduits, arranged in one or more planes, in a
common trench.

B. Concrete encased ductbank:  An individual (single) or multiple conduit(s),
arranged in one or more planes, encased in a common concrete envelope.

C. GRC: Galvanized rigid (steel) conduit.

D. Trafficways: Locations where vehicular or pedestrian traffic is a normal course
of events.

1.5 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. Product technical data:

a. Provide submittal data for all products specified in PART 2 of this
Specification Section.

3. Fabrication and/or layout drawings:

a. Provide dimensional drawings of each manhole indicating all specified
accessories and conduit entry locations.

b. Layout drawings for all conduit runs, coordinated with all conduits.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following
manufacturers are acceptable:

1. Prefabricated composite handholes:

a. Quazite Composolite.

b. Armorcast Products Company.

c. Synertech.

2. Precast manholes and handholes:

a. Utility Vault Co.
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b. Oldcastle Precast, Inc.

c. Lister Industries.

3. Manhole and handhole and ductbank accessories:

a. Neenah.

b. Unistrut.

c. Condux International, Inc.

d. Underground Devices, Inc.

B. Submit request for substitution in accordance with Specification Section 01 25
13.

2.2 MANHOLES AND HANDHOLES

A. Prefabricated Composite Material Handholes:

1. Handhole body and cover:  Fiberglass reinforced polymer concrete
conforming to all test provisions of SCTE 77.

2. Minimum load ratings:  SCTE 77 Tier 22.

3. Open bottom.

4. Stackable design as required for specified depth.

5. Cover:

a. Engraved legend of "ELECTRIC" or "COMMUNICATIONS".

b. Non-gasketed bolt down with stainless steel penta head bolts.

c. Lay-in non-bolt down, when cover is over 100 LBS.

d. One or multiple sections so the maximum weight of a section is 125
LBS.

6. Cover lifting hook:  24 IN minimum in length.

B. Precast Manholes and Handholes:

1. Fiberglass reinforced polymer concrete or steel reinforced cement concrete
structures:

2. Shall have an AASHTO live load rating of H-20 for full deliberate vehicle
traffic.

3. Mating edges:  Tongue and groove type.

4. Solid bottom with a 12 IN x 12 IN or 12 IN DIA french drain in the bottom of
each manhole.

5. Cover extension rings as required.

6. Cable pulling eyes opposite all conduit entrances.

a. Coordinate exact location with installation contractor.
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2.3 CONCRETE MANHOLE AND HANDHOLE ACCESSORIES

A. Cover and Frame:

1. Cast ductile iron:  ASTM A536.

2. Cast gray iron: ASTM A48/A48M-03, Class 35B.

3. AASHTO live load rating:  H-20.

4. Diameter:  36 IN.

5. Cast the legend "ELECTRICAL" or "COMMUNICATIONS" into manhole and
handhole covers.

B. Cable Racks and Hooks:

1. Material:  Heavy-duty non-metallic (glass reinforced nylon).

2. Hook loading capacity:  400 LBS minimum.

3. Rack loading capacity:  Four (4) hooks maximum.

4. Hook deflection:  0.25 IN maximum.

5. Hooks:  Length, as required, with positive locking device to prevent upward
movement.

6. Mounding hardware:  Stainless steel.

C. Cable Pulling Irons:

1. 7/8 IN DIA hot-dipped galvanized steel.

2. 6000 LB minimum pulling load.

D. Ground Rods and Grounding Equipment:  See Specification Section 26 05 26.

2.4 UNDERGROUND CONDUIT AND ACCESSORIES

A. Concrete:  Comply with Division 03 Specifications.

B. Conduit:  See Specification Section 26 05 33.

C. Duct Spacers/Supports:

1. High density polyethylene or high impact polystyrene.

2. Interlocking.

3. Provide minimum spacing between conduits, per NEC.

4. Accessories, as required:

a. Hold down bars.

b. Ductbank strapping.
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PART 3 - EXECUTION

3.1 GENERAL

A. Drawings indicate the intended location of manholes and handholes and routing
of ductbanks and direct buried conduit.

1. Field conditions may affect actual routing.

B. Manhole and Handhole Locations:

1. Approximately where shown on the Drawings.

2. As required for pulling distances.

3. As required to keep pulling tensions under allowable cable tensions.

4. As required for number of bends in ductbank routing.

5. Shall not be installed in a swale or ditch.

6. Determine the exact locations after careful consideration has been given to
the location of other utilities, grading, and paving.

7. Locations are to be approved by the Engineer prior to excavation and
placement or construction of manholes and handholes.

C. Install products in accordance with manufacturer's instructions.

D. Install manholes and handholes in conduit runs where indicated or as required
to facilitate pulling of wires or making connections.

E. Comply with Specification Section 31 21 33 "Trenching, Backfilling and
Compacting for Utilities".

3.2 MANHOLES AND HANDHOLES

A. Prefabricated Composite Material Handholes:

1. For use in areas subjected to occasional non-deliberate vehicular traffic.

2. Place handhole on a foundation of compacted 1/4 to 1/2 IN crushed rock or
gravel a minimum of 8 IN thick and 6 IN larger than handholes footprint on
all sides.

3. Provide concrete encasement ring around handhole per manufacturers
installation instructions (minimum of 10 IN wide x 12 IN deep).

4. Install so that the surrounding grade is 1 IN lower than the top of the
handhole.

5. Size:  As indicated on the Drawings or as required for the number and size
of conduits.

6. Provide cable rails and pulling eyes as needed.

B. Precast Manholes and Handholes:
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1. For use in vehicular and non-vehicular traffic areas.

2. Construction:

a. Grout or seal all joints, per manufacturers instructions.

b. Support cables on walls by cable racks:

1) Provide a minimum of two (2) racks, install symmetrically on each
wall of manholes and handholes.

a) Provide additional cable racks, as required, so that both ends of
cable splices will be supported horizontally.

2) Equip cable racks with adjustable hooks:  Quantity of cable hooks
as required by the number of conductors to be supported.

c. In each manhole and handhole, drive 3/4 IN x 10 FT long copper clad
ground rod into the earth with approximately 6 IN exposed above
finished floor.

1) Drill opening in floor for ground rod.

2) Connect all metallic components to ground rod by means of #8
AWG minimum copper wire and approved grounding clamps.

3) Utilize a ground bar in the manhole or handhole if the quantity of
ground wires exceeds three (3).

a) Connect ground bar to ground rod with a #2/0 AWG minimum
copper wire.

3. Place manhole or handhole on a foundation of compacted 1/4 to 1/2 IN
crushed rock or gravel a minimum of 8 IN thick and 6 IN larger than
manholes or handholes footprint on all sides.

4. Install so that the top of cover is 1 IN above finished grade.

a. Where existing grades are higher than finished grades, install sufficient
number of courses of curved segmented concrete block between top of
handhole and manhole frame to temporarily elevate manhole cover to
existing grade level.

5. After installation is complete, backfill and compact soil around manholes
and handholes.

6. Handhole size:

a. As indicated on the Drawings or as required for the number and size of
conduits entering or as indicated on the Drawings.

b. Minimum floor dimension of 4 FT x 4 FT and minimum depth of 4 FT.

7. Manhole size:

a. As indicated on the Drawings or as required for the number and size of
conduits entering or as indicated on the Drawings.

1) Minimum floor dimension of 6 FT x 6 FT and a minimum depth of 6
FT.
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3.3 UNDERGROUND CONDUITS

A. General Installation Requirements:

1. Ductbank types per location:

a. Reinforced concrete ductbank:

1) As indicated on the drawings.

b. Direct-buried conduit(s):

1) As indicated on the drawings.

2. Do not place concrete or soil until conduits have been observed by the
Owner’s representative.

3. Duct for Electrical Cables More than 600 V: Type EPC-40-PVC RNC,
concrete-encased unless otherwise indicated.

4. Duct for Electrical Feeders 600 V and Less: Type EB-20-PVC RNC,
concrete-encased unless otherwise indicated.

5. Duct for Electrical Branch Circuits: Type EPC-40-PVC RNC, direct-buried
unless otherwise indicated.

6. Bored Underground Duct: Type EPEC-40-HDPE unless otherwise
indicated.

7. Underground Ducts Crossing Driveways, Roadways and Railroads: Type
EPC-40 PVC RNC, encased in reinforced concrete.

8. Stub-ups: Concrete-encased PVC-coated GRC.

9. Ductbanks shall be sloped a minimum of 4 IN per 100 FT or as detailed on
the Drawings.

a. Low points shall be at manholes or handholes.

10. During construction and after conduit installation is complete, plug the ends
of all conduits.

11. Provide conduit supports and spacers.

a. Place supports and spacers for rigid nonmetallic conduit on maximum
centers as indicated for the following trade sizes:

1) 1 IN and less:  3 FT.

2) 1-1/4 to 3 IN:  5 FT.

3) 3-1/2 to 6 IN:  7 FT.

b. Place supports and spacers for rigid steel conduit on maximum centers
as indicated for the following trade sizes:

1) 1 IN and less:  10 FT.

2) 1-1/4 to 2-1/2 IN:  14 FT.

3) 3 IN and larger:  20 FT.

c. Securely anchor conduits to supports and spacers to prevent
movement during placement of concrete or soil.
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12. Stagger conduit joints at intervals of 6 IN vertically.

13. Make conduit joints watertight and in accordance with manufacturer's
recommendations.

14. Accomplish changes in direction of runs exceeding a total of 15 degrees by
long sweep bends having a minimum radius of 25 FT.

a. Sweep bends may be made up of one or more curved or straight
sections or combinations thereof.

15. Furnish manufactured bends at end of runs.

a. Minimum radius of 18 IN for conduits less than 3 IN trade size and 36
IN for conduits 3 IN trade size and larger.

16. Field cuts requiring tapers shall be made with the proper tools and shall
match factory tapers.

17. After the conduit run has been completed:

a. Prove joint integrity and test for out-of-round duct by pulling a test
mandrel through each conduit.

1) Test mandrel:

a) Length:  Not less than 12 IN

b) Diameter:  Approximately 1/4 IN less than the inside diameter
of the conduit.

b. Clean the conduit by pulling a heavy duty wire brush mandrel followed
by a rubber duct swab through each conduit.

18. Pneumatic rodding may be used to draw in lead wire.

a. Install a heavy nylon cord free of kinks and splices in all unused new
ducts.

b. Extend cord 3 FT beyond ends of conduit.

19. Transition from rigid non-metallic conduit to rigid metallic conduit, per
Specification Section 26 05 33, prior to entering a structure or going above
ground.

a. Except rigid non-metallic conduit may be extended directly to manholes,
handholes, pad mounted transformer boxes and other exterior pad
mounted electrical equipment where the conduit is concealed within the
enclosure.

b. Terminate rigid PVC conduits with end bells.

c. Terminate steel conduits with insulated bushings.

20. Place warning tape in trench directly over ductbanks, direct-buried conduit,
and direct-buried wire and cable in accordance with Specification Section
10 14 00, 12-inch minimum cover.

21. Placement of conduits stubbing into handholes and manholes shall be
located to allow for proper bending radiuses of the cables.
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B. Concrete Encased Ductbank:

1. Ductbank system consists of conduits completely encased in minimum 2 IN
of red colored concrete (8-lbs. red dye/CY) and with separations between
different cabling types as required in Specification Section 26 05 33 or as
detailed on the Drawings.

2. Install so that top of concrete encased duct, at any point:

a. Is not less than 24 IN below grade.

b. Is below pavement sub-grading.

3. Where identified and for a distance 10 FT either side of the area, the
concrete shall be reinforced.

a. The reinforcement shall consist of #4 bars and #4 ties placed 12 IN on
center, in accordance with Division 03 Specification Sections or as
detailed on the Drawings.

4. Conduit supports shall provide a uniform minimum clearance of 2 IN
between the bottom of the trench and the bottom row of conduit.

5. Conduit separators shall provide a uniform minimum clearance of 2 IN
between conduits or as required in Specification Section 26 05 33 for
different cabling types.

C. Direct-Buried Conduit(s):

1. Install so that the top of the uppermost conduit, at any point:

a. Is not less than 30 IN below grade.

b. Is below pavement sub-grading.

2. Provide a uniform minimum clearance of 2 IN between conduits or as
required in Specification Section 26 05 33 for different cabling types.

a. Maintain the separation of multiple planes of conduits by one of the
following methods:

1) Install multilevel conduits with the use of conduit supports and
separators to maintain the required separations, and backfill with
flowable fill (100 PSI) or concrete per Specification Section 31 21
33.

2) Install the multilevel conduits one level at a time.

a) Each level is backfilled with the appropriate amount of soil and
compaction, per Specification Section 31 21 33, to maintain the
required separations.

D. Conduits embedded in concrete structure (e.g., sidewalks, bridge decks) where
shown on the Contract Drawings:

1. Shall not be considered to replace structurally the displaced concrete
except as indicated in the following:
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2. Shall not be larger in outside diameter than one-third the thickness of
concrete.

3. Shall have a minimum spacing of 3 DIA OC.

4. In reinforced concrete construction:

a. Place conduit after reinforcing steel has been laid.

b. The reinforcement steel shall not be displaced by the conduit.

c. Provide a minimum of 1-1/2 IN of cover over conduit.

3.4 EARTHWORK

A. Excavation and Backfill: Comply with Section 31 23 00 "Earthwork", but do not
use heavy-duty, hydraulic-operated, compaction equipment.

B. Restoration: Replace area immediately after backfilling is completed or after
construction vehicle traffic in immediate area is complete.

C. Restore surface features at areas disturbed by excavation, and re-establish
original grades unless otherwise indicated. Replace removed sod immediately
after backfilling is completed.

D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other
work. Restore vegetation and include necessary topsoiling, fertilizing, liming,
seeding, sodding, sprigging, and mulching. Comply with Division 32 "Exterior
Improvements".

E. Cut and patch existing pavement in the path of underground duct, duct bank,
and underground structures according to Section 01 73 29 "Demolition, Cutting
and Patching".

3.5 DUCT AND DUCT-BANK INSTALLATION

A. Where indicated on Drawings, install duct, spacers, and accessories into the
duct-bank configuration shown. Duct installation requirements in this Section
also apply to duct bank.

B. Install duct according to NEMA TCB 2.

C. Slope: Pitch duct a minimum slope of 1:300 down toward manholes and
handholes and away from buildings and equipment. Slope duct from a high
point between two manholes, to drain in both directions.

D. Curves and Bends: Use 5-degree angle couplings for small changes in
direction. Use manufactured long sweep bends with a minimum radius of 48
inches (1200 mm), both horizontally and vertically, at other locations unless
otherwise indicated.

1. Duct shall have maximum of two 90 degree bends or the total of all bends
shall be no more 180 degrees between pull points.
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E. Joints: Use solvent-cemented joints in duct and fittings and make watertight
according to manufacturer's written instructions. Stagger couplings so those of
adjacent duct do not lie in same plane.

F. Installation Adjacent to High-Temperature Steam Lines: Where duct is installed
parallel to underground steam lines, perform calculations showing the duct will
not be subject to environmental temperatures above 40 deg C. Where
environmental temperatures are calculated to rise above 40 deg C, and
anywhere the duct crosses above an underground steam line, install insulation
blankets listed for direct burial to isolate the duct bank from the steam line.

G. End Bell Entrances to Manholes and Concrete and Polymer Concrete
Handholes: Use end bells, spaced approximately 10 inches (250 mm) o.c. for 5-
inch (125-mm) duct, and vary proportionately for other duct sizes.

1. Begin change from regular spacing to end-bell spacing 10 feet (3 m) from
the end bell, without reducing duct slope and without forming a trap in the
line.

2. Expansion and Deflection Fittings: Install an expansion and deflection fitting
in each duct in the area of disturbed earth adjacent to manhole or handhole.
Install an expansion fitting near the center of all straight line direct-buried
duct with calculated expansion of more than 3/4 inch (19 mm).

3. Grout end bells into structure walls from both sides to provide watertight
entrances.

H. Terminator Entrances to Manholes and Concrete and Polymer Concrete
Handholes: Use manufactured, cast-in-place duct terminators, with entrances
into structure spaced approximately 6 inches (150 mm) o.c. for 4-inch (100-mm)
duct, and vary proportionately for other duct sizes.

1. Begin change from regular spacing to terminator spacing 10 feet (3 m) from
the terminator, without reducing duct line slope and without forming a trap in
the line.

2. Expansion and Deflection Fittings: Install an expansion and deflection fitting
in each duct in the area of disturbed earth adjacent to manhole or handhole.
Install an expansion fitting near the center of all straight line duct with
calculated expansion of more than 3/4 inch (19 mm).

I. Building Wall Penetrations: Make a transition from underground duct to GRC at
least 10 feet (3 m) outside the building wall, without reducing duct line slope
away from the building and without forming a trap in the line. Use fittings
manufactured for RNC-to-GRC transition. Install GRC penetrations of building
walls as specified in Section 260544 "Sleeves and Sleeve Seals for Electrical
Raceways and Cabling."

J. Sealing: Provide temporary closure at terminations of duct with pulled cables.
Seal spare duct at terminations. Use sealing compound and plugs to withstand
at least 15-psig (1.03-MPa) hydrostatic pressure.
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K. Pulling Cord: Install 200-lbf- (1000-N-) test nylon cord in empty ducts.

L. Concrete-Encased Ducts and Duct Bank:

1. Excavate trench bottom to provide firm and uniform support for duct.
Prepare trench bottoms as specified in Section 31 23 00 "Earthwork" for
pipes less than 6 inches (150 mm) in nominal diameter.

2. Width: Excavate trench 12 inches (300 mm) wider than duct on each side.

3. Depth: Install so top of duct envelope is at least 24 inches (600 mm) below
finished grade in areas not subject to deliberate traffic, and at least 30
inches (750 mm) below finished grade in deliberate traffic paths for vehicles
unless otherwise indicated.

4. Support duct on duct spacers coordinated with duct size, duct spacing, and
outdoor temperature.

5. Spacer Installation: Place spacers close enough to prevent sagging and
deforming of duct, with not less than five spacers per 20 feet (6 m) of duct.
Place spacers within 24 inches (600 mm) of duct ends. Stagger spacers
approximately 6 inches (150 mm) between tiers. Secure spacers to earth
and to duct to prevent floating during concreting. Tie entire assembly
together using fabric straps; do not use tie wires or reinforcing steel that
may form conductive or magnetic loops around ducts or duct groups.

6. Minimum Space between Duct: 3 inches (75 mm) between edge of duct
and exterior envelope wall, 2 inches (50 mm) between ducts for like
services, and 4 inches (100 mm) between power and communications
ducts.

7. Elbows: Use manufactured GRC elbows for stub-ups, at building entrances,
and at changes of direction in duct run.

a. Couple RNC duct to GRC with adapters designed for this purpose, and
encase coupling with 3 inches (75 mm) of concrete.

b. Stub-ups to Outdoor Equipment: Extend concrete-encased GRC
horizontally a minimum of 60 inches (1500 mm) from edge of base.
Install insulated grounding bushings on terminations at equipment.

1) Stub-ups shall be minimum 4 inches (100 mm)above finished floor
and minimum 3 inches (75 mm)from conduit side to edge of slab.

c. Stub-ups to Indoor Equipment: Extend concrete-encased GRC
horizontally a minimum of 60 inches (1500 mm) from edge of wall.
Install insulated grounding bushings on terminations at equipment.

1) Stub-ups shall be minimum 4 inches (100 mm)above finished floor
and no less than 3 inches (75 mm)from conduit side to edge of
slab.

8. Reinforcement: Reinforce concrete-encased duct where crossing disturbed
earth and where indicated. Arrange reinforcing rods and ties without
forming conductive or magnetic loops around ducts or duct groups.
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9. Forms: Use walls of trench to form side walls of duct bank where soil is self-
supporting and concrete envelope can be poured without soil inclusions;
otherwise, use forms.

10. Concrete Cover: Install a minimum of 3 inches (75 mm) of concrete cover
between edge of duct to exterior envelope wall, 2 inches (50 mm) between
duct of like services, and 4 inches (100 mm) between power and
communications ducts.

11. Concreting Sequence: Pour each run of envelope between manholes or
other terminations in one continuous operation.

a. Start at one end and finish at the other, allowing for expansion and
contraction of duct as its temperature changes during and after the
pour. Use expansion fittings installed according to manufacturer's
written instructions, or use other specific measures to prevent
expansion-contraction damage.

b. If more than one pour is necessary, terminate each pour in a vertical
plane and install 3/4-inch (15-mm) reinforcing-rod dowels extending a
minimum of 18 inches (450 mm) into concrete on both sides of joint
near corners of envelope.

12. Pouring Concrete: Comply with requirements of Division 03 "Concrete".
Place concrete carefully during pours to prevent voids under and between
duct and at exterior surface of envelope. Do not allow a heavy mass of
concrete to fall directly onto ducts. Allow concrete to flow around duct and
rise up in middle, uniformly filling all open spaces. Do not use power-driven
agitating equipment unless specifically designed for duct-installation
application.

M. Warning Planks: Bury warning planks approximately 12 inches (300 mm) above
direct-buried duct, placing them 24 inches (600 mm) o.c. Align planks along the
width and along the centerline of duct or duct bank. Provide an additional plank
for each 12-inch (300-mm) increment of duct-bank width over a nominal 18
inches (450 mm). Space additional planks 12 inches (300 mm) apart,
horizontally.

N. Underground-Line Warning Tape: Bury conducting underground line specified
in Section 10 14 00 "Identification Devices" no less than 12 inches (300 mm)
above all concrete-encased duct and duct banks and approximately 12 inches
(300 mm) below grade. Align tape parallel to and within 3 inches (75 mm) of
centerline of duct bank. Provide an additional warning tape for each 12-inch
(300-mm) increment of duct-bank width over a nominal 18 inches (450 mm).
Space additional tapes 12 inches (300 mm) apart, horizontally.

END OF SECTION
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SECTION 26 05 44

SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

1.2 SUMMARY

A. Section Includes:

1. Sleeves for raceway and cable penetration of non-fire-rated construction

walls and floors.

2. Sleeve-seal systems.

3. Sleeve-seal fittings.

4. Grout.

5. Silicone sealants.

B. Related Requirements:

1. Section 07 84 00 - Firestopping

2. Section 07 92 00 - Joint Sealants

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

PART 2 - PRODUCTS

2.1 SLEEVES

A. Wall Sleeves:

1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40,

zinc coated, plain ends.
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B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:

Galvanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with

welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.

C. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.

D. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.

E. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer

surface with nailing flange for attaching to wooden forms.

F. Sleeves for Rectangular Openings:

1. Material: Galvanized sheet steel.

2. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches and

with no side larger than 16 inches, thickness shall be 0.052 inch.

b. For sleeve cross-section rectangle perimeter 50 inches or more and

one or more sides larger than 16 inches thickness shall be 0.138 inch.

2.2 SLEEVE-SEAL SYSTEMS

A. Description: Modular sealing device, designed for field assembly, to fill annular

space between sleeve and raceway or cable.

1. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of

pipe. Include type and number required for pipe material and size of pipe.

2. Pressure Plates: Stainless steel.

3. Connecting Bolts and Nuts: Stainless steel of length required to secure

pressure plates to sealing elements.

B. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed include, but are not limited to, the following:

1. Advance Products & Systems

2. CALPICO, Inc.

2.3 SLEEVE-SEAL FITTINGS

A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for

embedding in concrete slab or wall. Unit shall have plastic or rubber waterstop

collar with center opening to match piping OD.
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B. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed include, but are not limited to, the following:

1. HOLDRITE

2.4 GROUT

A. Description: Nonshrink; recommended for interior and exterior sealing openings

in non-fire-rated walls or floors.

B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-

adjusting, dry, hydraulic-cement grout.

C. Design Mix: 5000-psi, 28-day compressive strength.

D. Packaging: Premixed and factory packaged.

2.5 SILICONE SEALANTS

A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric

sealants of grade indicated below.

1. Grade: Pourable (self-leveling) formulation for openings in floors and other

horizontal surfaces that are not fire rated.

B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when

mixed, expand and cure in place to produce a flexible, nonshrinking foam.

PART 3 - EXECUTION

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL

PENETRATIONS

A. Comply with NECA 1.

B. Comply with NEMA VE 2 for cable tray and cable penetrations.

C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and

Masonry-Unit Floors and Walls:

1. Interior Penetrations of Non-Fire-Rated Walls and Floors:
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a. Seal annular space between sleeve and raceway or cable, using joint

sealant appropriate for size, depth, and location of joint. Comply with

requirements in Section 07 92 00 "Joint Sealants”.

b. Seal space outside of sleeves with mortar or grout. Pack sealing

material solidly between sleeve and wall, so no voids remain. Tool

exposed surfaces smooth; protect material while curing.

2. Use pipe sleeves unless penetration arrangement requires rectangular

sleeved opening.

3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve

and raceway or cable unless sleeve seal is to be installed.

4. Install sleeves for wall penetrations unless core-drilled holes or formed

openings are used. Install sleeves during erection of walls. Cut sleeves to

length for mounting flush with both surfaces of walls. Deburr after cutting.

5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2

inches (50 mm) above finished floor level. Install sleeves during erection of

floors.

D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:

1. Use circular metal sleeves unless penetration arrangement requires

rectangular sleeved opening.

2. Seal space outside of sleeves with approved joint compound for gypsum

board assemblies.

E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables

with flexible boot-type flashing units applied in coordination with roofing work.

F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe

sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch

annular clear space between pipe and sleeve for installing mechanical sleeve

seals.

G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves.

Size sleeves to allow for 1-inch annular clear space between raceway or cable

and sleeve for installing sleeve-seal system.

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-

grade at raceway entries into building.
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B. Install type and number of sealing elements recommended by manufacturer for

raceway or cable material and size. Position raceway or cable in center of sleeve.

Assemble mechanical sleeve seals and install in annular space between raceway

or cable and sleeve. Tighten bolts against pressure plates that cause sealing

elements to expand and make watertight seal.

3.3 SLEEVE-SEAL-FITTING INSTALLATION

A. Install sleeve-seal fittings in new walls and slabs as they are constructed.

B. Assemble fitting components of length to be flush with both surfaces of concrete

slabs and walls. Position waterstop flange to be centered in concrete slab or wall.

C. Secure nailing flanges to concrete forms.

D. Using grout, seal the space around outside of sleeve-seal fittings.

END OF SECTION
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SECTION 26 05 72

OVERCURRENT PROTECTIVE DEVICE SHORT-CIRCUIT STUDY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

1.2 SUMMARY

A. Section includes a computer-based, fault-current study to determine the

minimum interrupting capacity of circuit protective devices.

1.3 DEFINITIONS

A. Existing to Remain: Existing items of construction that are not to be removed

and that are not otherwise indicated to be removed, removed and salvaged, or

removed and reinstalled.

B. One-Line Diagram: A diagram which shows, by means of single lines and

graphic symbols, the course of an electric circuit or system of circuits and the

component devices or parts used therein.

C. Protective Device: A device that senses when an abnormal current flow exists

and then removes the affected portion from the system.

D. SCCR: Short-circuit current rating.

E. Service: The conductors and equipment for delivering electric energy from the

serving utility to the wiring system of the premises served.

1.4 ACTION SUBMITTALS

A. Product Data: For computer software program to be used for studies.

B. Other Action Submittals: Submit the following after the approval of system

protective devices submittals. Submittals shall be in digital form.
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1. Short-circuit study input data, including completed computer program input

data sheets.

2. Short-circuit study and equipment evaluation report; signed, dated, and

sealed by a qualified professional engineer.

a. Submit study report for action prior to receiving final approval of the

distribution equipment submittals. If formal completion of studies will

cause delay in equipment manufacturing, obtain approval from

Architect for preliminary submittal of sufficient study data to ensure

that the selection of devices and associated characteristics is

satisfactory.

b. Revised single-line diagram, reflecting field investigation results and

results of short-circuit study.

1.5 INFORMATIONAL SUBMITTALS

A. Qualification Data: For Short-Circuit Study Specialist.

1.6 QUALITY ASSURANCE

A. Studies shall use computer programs that are distributed nationally and are in

wide use. Software algorithms shall comply with requirements of standards and

guides specified in this Section. Manual calculations are unacceptable.

B. Short-Circuit Study Software Developer Qualifications: An entity that owns and

markets computer software used for studies, having performed successful

studies of similar magnitude on electrical distribution systems using similar

devices.

1. The computer program shall be developed under the charge of a licensed

professional engineer who holds IEEE Computer Society's Certified

Software Development Professional certification.

C. Short-Circuit Study Specialist Qualifications: Professional engineer in charge of

performing the study and documenting recommendations, licensed in the state

where Project is located. All elements of the study shall be performed under the

direct supervision and control of this professional engineer.

D. Field Adjusting Agency Qualifications: An independent agency, with the

experience and capability to adjust overcurrent devices and to conduct the

testing indicated, that is a member company of the InterNational Electrical

Testing Association or is a nationally recognized testing laboratory (NRTL) as
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defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities having

jurisdiction.

PART 2 - PRODUCTS

2.1 COMPUTER SOFTWARE

A. Manufacturers:  Subject to compliance with requirements, manufacturers

offering computer software that may be used on this project are only as follows:

1. SKM Systems Analysis, Inc.

B. Comply with IEEE 399 and IEEE 551.

C. Analytical features of fault-current-study computer software program shall have

the capability to calculate "mandatory," "very desirable," and "desirable"

features as listed in IEEE 399.

D. Computer software program shall be capable of plotting and diagramming time-

current-characteristic curves as part of its output.

2.2 SHORT-CIRCUIT STUDY REPORT CONTENTS

A. Executive summary.

B. Study descriptions, purpose, basis, and scope. Include case descriptions,

definition of terms, and guide for interpretation of the computer printout.

C. One-line diagram, showing the following:

1. Protective device designations and ampere ratings.

2. Cable size and lengths.

3. Transformer kilovolt ampere (kVA) and voltage ratings.

4. Motor and generator designations and kVA ratings.

5. Switchgear, switchboard, motor-control center, and panelboard

designations.

D. Comments and recommendations for system improvements, where needed.

E. Protective Device Evaluation:

1. Evaluate equipment and protective devices and compare to short-circuit

ratings.
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2. Tabulations of circuit breaker, fuse, and other protective device ratings

versus calculated short-circuit duties.

3. For 600-V overcurrent protective devices, ensure that interrupting ratings

are equal to or higher than calculated 1/2-cycle symmetrical fault current.

4. For devices and equipment rated for asymmetrical fault current, apply

multiplication factors listed in the standards to 1/2-cycle symmetrical fault

current.

5. Verify adequacy of phase conductors at maximum three-phase bolted fault

currents; verify adequacy of equipment grounding conductors and

grounding electrode conductors at maximum ground-fault currents. Ensure

that short-circuit withstand ratings are equal to or higher than calculated

1/2-cycle symmetrical fault current.

F. Short-Circuit Study Input Data: As described in "Power System Data" Article in

the Evaluations.

G. Short-Circuit Study Output:

1. Low-Voltage Fault Report: Three-phase and unbalanced fault calculations,

showing the following for each overcurrent device location:

a. Voltage.

b. Calculated fault-current magnitude and angle.

c. Fault-point X/R ratio.

d. Equivalent impedance.

2. Momentary Duty Report: Three-phase and unbalanced fault calculations,

showing the following for each overcurrent device location:

a. Voltage.

b. Calculated symmetrical fault-current magnitude and angle.

c. Fault-point X/R ratio.

d. Calculated asymmetrical fault currents:

1) Based on fault-point X/R ratio.

2) Based on calculated symmetrical value multiplied by 1.6.

3) Based on calculated symmetrical value multiplied by 2.7.

3. Interrupting Duty Report: Three-phase and unbalanced fault calculations,

showing the following for each overcurrent device location:

a. Voltage.

b. Calculated symmetrical fault-current magnitude and angle.

c. Fault-point X/R ratio.

d. No AC Decrement (NACD) ratio.
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e. Equivalent impedance.

f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on

a symmetrical basis.

g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on

a total basis.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Obtain all data necessary for the conduct of the study.

1. Verify completeness of data supplied on the one-line diagram. Call any

discrepancies to the attention of Architect.

2. For equipment provided that is Work of this Project, use characteristics

submitted under the provisions of action submittals and information

submittals for this Project.

3. For relocated equipment and that which is existing to remain, obtain

required electrical distribution system data by field investigation and

surveys, conducted by qualified technicians and engineers. The

qualifications of technicians and engineers shall be qualified as defined by

NFPA 70E.

B. Gather and tabulate the following input data to support the short-circuit study.

Comply with recommendations in IEEE 551 as to the amount of detail that is

required to be acquired in the field. Field data gathering shall be under the

direct supervision and control of the engineer in charge of performing the study,

and shall be by the engineer or its representative who holds NETA ETT Level III

certification or NICET Electrical Power Testing Level III certification.

1. Product Data for Project's overcurrent protective devices involved in

overcurrent protective device coordination studies. Use equipment

designation tags that are consistent with electrical distribution system

diagrams, overcurrent protective device submittals, input and output data,

and recommended device settings.

2. Obtain electrical power utility impedance at the service.

3. Power sources and ties.

4. For transformers, include kVA, primary and secondary voltages,

connection type, impedance, X/R ratio, taps measured in percent, and

phase shift.
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5. For reactors, provide manufacturer and model designation, voltage rating,

and impedance.

6. For circuit breakers and fuses, provide manufacturer and model

designation. List type of breaker, type of trip, SCCR, current rating, and

breaker settings.

7. Generator short-circuit current contribution data, including short-circuit

reactance, rated kVA, rated voltage, and X/R ratio.

8. Busway manufacturer and model designation, current rating, impedance,

lengths, and conductor material.

9. Motor horsepower and NEMA MG 1 code letter designation.

10. Cable sizes, lengths, number, conductor material and conduit material

(magnetic or nonmagnetic).

3.2 SHORT-CIRCUIT STUDY

A. Perform study following the general study procedures contained in IEEE 399.

B. Calculate short-circuit currents according to IEEE 551.

C. Base study on the device characteristics supplied by device manufacturer.

D. The extent of the electrical power system to be studied is indicated on

Drawings.

E. Begin short-circuit current analysis at the service, extending down to the system

overcurrent protective devices as follows:

1. To normal system low-voltage load buses where fault current is 10 kA or

less.

F. Study electrical distribution system from normal and alternate power sources

throughout electrical distribution system for Project. Study all cases of system-

switching configurations and alternate operations that could result in maximum

fault conditions.

G. The calculations shall include the ac fault-current decay from induction motors,

synchronous motors, and asynchronous generators and shall apply to low- and

medium-voltage, three-phase ac systems. The calculations shall also account

for the fault-current dc decrement, to address the asymmetrical requirements of

the interrupting equipment.

1. For grounded systems, provide a bolted line-to-ground fault-current study

for areas as defined for the three-phase bolted fault short-circuit study.
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H. Calculate short-circuit momentary and interrupting duties for a three-phase

bolted fault at each of the following:

1. Electric utility's supply termination point.

2. Incoming switchgear.

3. Unit substation primary and secondary terminals.

4. Low-voltage switchgear.

5. Motor-control centers.

6. Control panels.

7. Standby generators and automatic transfer switches.

8. Branch circuit panelboards.

9. Disconnect switches.

3.3 ADJUSTING

A. Make minor modifications to equipment as required to accomplish compliance

with short-circuit study.

3.4 DEMONSTRATION

A. Train Owner's operating and maintenance personnel in the use of study results.

END OF SECTION
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SECTION 26 05 73

OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

1.2 SUMMARY

A. Section includes computer-based, overcurrent protective device coordination

studies to determine overcurrent protective devices and to determine overcurrent

protective device settings for selective tripping.

1. Study results shall be used to determine coordination of series-rated

devices.

1.3 DEFINITIONS

A. Existing to Remain: Existing items of construction that are not to be removed and

that are not otherwise indicated to be removed, removed and salvaged, or

removed and reinstalled.

B. One-Line Diagram: A diagram which shows, by means of single lines and graphic

symbols, the course of an electric circuit or system of circuits and the component

devices or parts used therein.

C. Protective Device: A device that senses when an abnormal current flow exists

and then removes the affected portion from the system.

D. SCCR: Short-circuit current rating.

E. Service: The conductors and equipment for delivering electric energy from the

serving utility to the wiring system of the premises served.
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1.4 ACTION SUBMITTALS

A. Product Data: For computer software program to be used for studies.

B. Other Action Submittals: Submit the following after the approval of system

protective devices submittals. Submittals shall be in digital form.

1. Coordination-study input data, including completed computer program input

data sheets.

2. Study and equipment evaluation reports.

3. Overcurrent protective device coordination study report; signed, dated, and

sealed by a qualified professional engineer.

a. Submit study report for action prior to receiving final approval of the

distribution equipment submittals. If formal completion of studies will

cause delay in equipment manufacturing, obtain approval from

Architect for preliminary submittal of sufficient study data to ensure

that the selection of devices and associated characteristics is

satisfactory.

1.5 INFORMATIONAL SUBMITTALS

A. Qualification Data: For Coordination Study Specialist.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For the overcurrent protective devices to

include in emergency, operation, and maintenance manuals.

1. In addition to items specified in Section 017823 "Operation and

Maintenance Data," include the following:

a. The following parts from the Protective Device Coordination Study

Report:

1) One-line diagram.

2) Protective device coordination study.

3) Time-current coordination curves.

b. Power system data.

1.7 QUALITY ASSURANCE

A. Studies shall use computer programs that are distributed nationally and are in

wide use. Software algorithms shall comply with requirements of standards and

guides specified in this Section. Manual calculations are unacceptable.
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B. Coordination Study Software Developer Qualifications: An entity that owns and

markets computer software used for studies, having performed successful

studies of similar magnitude on electrical distribution systems using similar

devices.

1. The computer program shall be developed under the charge of a licensed

professional engineer who holds IEEE Computer Society's Certified

Software Development Professional certification.

C. Coordination Study Specialist Qualifications: Professional engineer in charge of

performing the study and documenting recommendations, licensed in the state

where Project is located. All elements of the study shall be performed under the

direct supervision and control of this professional engineer.

D. Field Adjusting Agency Qualifications: An independent agency, with the

experience and capability to adjust overcurrent devices and to conduct the testing

indicated, that is a member company of the InterNational Electrical Testing

Association or is a nationally recognized testing laboratory (NRTL) as defined by

OSHA in 29 CFR 1910.7, and that is acceptable to authorities having jurisdiction.

PART 2 - PRODUCTS

2.1 COMPUTER SOFTWARE DEVELOPERS

A. Software Developers:

1. Manufacturers:  Subject to compliance with requirements, manufacturers

offering computer software that may be used on this project include only the

following:

a. SKM Systems Analysis Inc.

B. Comply with IEEE 242 and IEEE 399.

C. Analytical features of device coordination study computer software program shall

have the capability to calculate "mandatory," "very desirable," and "desirable"

features as listed in IEEE 399.
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D. Computer software program shall be capable of plotting and diagramming time-

current-characteristic curves as part of its output. Computer software program

shall report device settings and ratings of all overcurrent protective devices and

shall demonstrate selective coordination by computer-generated, time-current

coordination plots.

1. Optional Features:

a. Arcing faults.

b. Simultaneous faults.

c. Explicit negative sequence.

d. Mutual coupling in zero sequence.

2.2 PROTECTIVE DEVICE COORDINATION STUDY REPORT CONTENTS

A. Executive summary.

B. Study descriptions, purpose, basis and scope. Include case descriptions,

definition of terms and guide for interpretation of the computer printout.

C. One-line diagram, showing the following:

1. Protective device designations and ampere ratings.

2. Cable size and lengths.

3. Transformer kilovolt ampere (kVA) and voltage ratings.

4. Motor and generator designations and kVA ratings.

5. Switchgear, switchboard, motor-control center, and panelboard

designations.

D. Study Input Data: As described in "Power System Data" Article.

E. Short-Circuit Study Output: As specified in "Short-Circuit Study Output"

Paragraph in "Short-Circuit Study Report Contents" Article in Section 260572

"Overcurrent Protective Device Short-Circuit Study."

F. Protective Device Coordination Study:

1. Report recommended settings of protective devices, ready to be applied in

the field. Use manufacturer's data sheets for recording the recommended

setting of overcurrent protective devices when available.

a. Phase and Ground Relays:

1) Device tag.
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2) Relay current transformer ratio and tap, time dial, and

instantaneous pickup value.

3) Recommendations on improved relaying systems, if applicable.

b. Circuit Breakers:

1) Adjustable pickups and time delays (long time, short time,

ground).

2) Adjustable time-current characteristic.

3) Adjustable instantaneous pickup.

4) Recommendations on improved trip systems, if applicable.

c. Fuses: Show current rating, voltage, and class.

G. Time-Current Coordination Curves: Determine settings of overcurrent protective

devices to achieve selective coordination. Graphically illustrate that adequate

time separation exists between devices installed in series, including power utility

company's upstream devices. Prepare separate sets of curves for the switching

schemes and for emergency periods where the power source is local generation.

Show the following information:

1. Device tag and title, one-line diagram with legend identifying the portion of

the system covered.

2. Terminate device characteristic curves at a point reflecting maximum

symmetrical or asymmetrical fault current to which the device is exposed.

3. Identify the device associated with each curve by manufacturer type,

function, and, if applicable, tap, time delay, and instantaneous settings

recommended.

4. Plot the following listed characteristic curves, as applicable:

a. Power utility's overcurrent protective device.

b. Medium-voltage equipment overcurrent relays.

c. Medium- and low-voltage fuses including manufacturer's minimum

melt, total clearing, tolerance, and damage bands.

d. Low-voltage equipment circuit-breaker trip devices, including

manufacturer's tolerance bands.

e. Transformer full-load current, magnetizing inrush current, and ANSI

through-fault protection curves.

f. Cables and conductors damage curves.

g. Ground-fault protective devices.

h. Motor-starting characteristics and motor damage points.

i. Generator short-circuit decrement curve and generator damage point.
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j. The largest feeder circuit breaker in each motor-control center and

panelboard.

5. Series rating on equipment allows the application of two series interrupting

devices for a condition where the available fault current is greater than the

interrupting rating of the downstream equipment. Both devices share in the

interruption of the fault and selectivity is sacrificed at high fault levels.

Maintain selectivity for tripping currents caused by overloads.

6. Provide adequate time margins between device characteristics such that

selective operation is achieved.

7. Comments and recommendations for system improvements.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine Project overcurrent protective device submittals for compliance with

electrical distribution system coordination requirements and other conditions

affecting performance. Devices to be coordinated are indicated on Drawings.

1. Proceed with coordination study only after relevant equipment submittals

have been assembled. Overcurrent protective devices that have not been

submitted and approved prior to coordination study may not be used in

study.

3.2 PROTECTIVE DEVICE COORDINATION STUDY

A. Comply with IEEE 242 for calculating short-circuit currents and determining

coordination time intervals.

B. Comply with IEEE 399 for general study procedures.

C. The study shall be based on the device characteristics supplied by device

manufacturer.

D. The extent of the electrical power system to be studied is indicated on Drawings.

E. Begin analysis at the service, extending down to the system overcurrent

protective devices as follows:

1. To normal system low-voltage load buses where fault current is 10 kA or

less.



WHCRWA OVERCURRENT PROTECTIVE DEVICE

CENTRAL PUMP STATION COORDINATION STUDY

WHCRWA CENTRAL PUMP STATION
OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY

26 05 73 - 7 OF 12

F. Study electrical distribution system from normal and alternate power sources

throughout electrical distribution system for Project. Study all cases of system-

switching configurations and alternate operations that could result in maximum

fault conditions.

G. Transformer Primary Overcurrent Protective Devices:

1. Device shall not operate in response to the following:

a. Inrush current when first energized.

b. Self-cooled, full-load current or forced-air-cooled, full-load current,

whichever is specified for that transformer.

c. Permissible transformer overloads according to IEEE C57.96 if

required by unusual loading or emergency conditions.

2. Device settings shall protect transformers according to IEEE C57.12.00, for

fault currents.

H. Motor Protection:

1. Select protection for low-voltage motors according to IEEE 242 and

NFPA 70.

2. Select protection for motors served at voltages more than 600 V according

to IEEE 620.

I. Conductor Protection: Protect cables against damage from fault currents

according to ICEA P-32-382, ICEA P-45-482, and protection recommendations

in IEEE 242. Demonstrate that equipment withstands the maximum short-circuit

current for a time equivalent to the tripping time of the primary relay protection or

total clearing time of the fuse. To determine temperatures that damage insulation,

use curves from cable manufacturers or from listed standards indicating

conductor size and short-circuit current.

J. Generator Protection: Select protection according to manufacturer's written

recommendations and to IEEE 242.

K. The calculations shall include the ac fault-current decay from induction motors,

synchronous motors, and asynchronous generators and shall apply to low- and

medium-voltage, three-phase ac systems. The calculations shall also account for

the fault-current dc decrement, to address the asymmetrical requirements of the

interrupting equipment.

1. For grounded systems, provide a bolted line-to-ground fault-current study

for areas as defined for the three-phase bolted fault short-circuit study.
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L. Calculate short-circuit momentary and interrupting duties for a three-phase bolted

fault and single line-to-ground fault at each of the following:

1. Electric utility's supply termination point.

2. Switchgear.

3. Unit substation primary and secondary terminals.

4. Low-voltage switchgear.

5. Motor-control centers.

6. Standby generators and automatic transfer switches.

7. Branch circuit panelboards.

M. Protective Device Evaluation:

1. Evaluate equipment and protective devices and compare to short-circuit

ratings.

2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to

withstand short-circuit stresses.

3. Any application of series-rated devices shall be recertified, complying with

requirements in NFPA 70.

3.3 POWER SYSTEM DATA

A. Obtain all data necessary for the conduct of the overcurrent protective device

study.

1. Verify completeness of data supplied in the one-line diagram on Drawings.

Call discrepancies to the attention of Architect.

2. For new equipment, use characteristics submitted under the provisions of

action submittals and information submittals for this Project.

3. For existing equipment, whether or not relocated obtain required electrical

distribution system data by field investigation and surveys, conducted by

qualified technicians and engineers. The qualifications of technicians and

engineers shall be qualified as defined by NFPA 70E.

B. Gather and tabulate the following input data to support coordination study. The

list below is a guide. Comply with recommendations in IEEE 551 for the amount

of detail required to be acquired in the field. Field data gathering shall be under

the direct supervision and control of the engineer in charge of performing the

study and shall be by the engineer or its representative who holds NETA ETT

Level III certification or NICET Electrical Power Testing Level III certification.

1. Product Data for overcurrent protective devices specified in other Sections

and involved in overcurrent protective device coordination studies. Use
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equipment designation tags that are consistent with electrical distribution

system diagrams, overcurrent protective device submittals, input and output

data, and recommended device settings.

2. Electrical power utility impedance at the service.

3. Power sources and ties.

4. Short-circuit current at each system bus, three phase and line-to-ground.

5. Full-load current of all loads.

6. Voltage level at each bus.

7. For transformers, include kVA, primary and secondary voltages, connection

type, impedance, X/R ratio, taps measured in percent, and phase shift.

8. For reactors, provide manufacturer and model designation, voltage rating,

and impedance.

9. For circuit breakers and fuses, provide manufacturer and model

designation. List type of breaker, type of trip and available range of settings,

SCCR, current rating, and breaker settings.

10. Generator short-circuit current contribution data, including short-circuit

reactance, rated kVA, rated voltage, and X/R ratio.

11. For relays, provide manufacturer and model designation, current

transformer ratios, potential transformer ratios, and relay settings.

12. Maximum demands from service meters.

13. Busway manufacturer and model designation, current rating, impedance,

lengths, and conductor material.

14. Motor horsepower and NEMA MG 1 code letter designation.

15. Low-voltage cable sizes, lengths, number, conductor material, and conduit

material (magnetic or nonmagnetic).

16. Medium-voltage cable sizes, lengths, conductor material, and cable

construction and metallic shield performance parameters.

17. Data sheets to supplement electrical distribution system diagram, cross-

referenced with tag numbers on diagram, showing the following:

a. Special load considerations, including starting inrush currents and

frequent starting and stopping.

b. Transformer characteristics, including primary protective device,

magnetic inrush current, and overload capability.

c. Motor full-load current, locked rotor current, service factor, starting

time, type of start, and thermal-damage curve.

d. Generator thermal-damage curve.

e. Ratings, types, and settings of utility company's overcurrent protective

devices.
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f. Special overcurrent protective device settings or types stipulated by

utility company.

g. Time-current-characteristic curves of devices indicated to be

coordinated.

h. Manufacturer, frame size, interrupting rating in amperes rms

symmetrical, ampere or current sensor rating, long-time adjustment

range, short-time adjustment range, and instantaneous adjustment

range for circuit breakers.

i. Manufacturer and type, ampere-tap adjustment range, time-delay

adjustment range, instantaneous attachment adjustment range, and

current transformer ratio for overcurrent relays.

j. Panelboards, switchboards, motor-control center ampacity, and

SCCR in amperes rms symmetrical.

k. Identify series-rated interrupting devices for a condition where the

available fault current is greater than the interrupting rating of the

downstream equipment. Obtain device data details to allow

verification that series application of these devices complies with

NFPA 70 and UL 489 requirements.

3.4 FIELD ADJUSTING

A. Adjust relay and protective device settings according to the recommended

settings provided by the coordination study. Field adjustments shall be completed

by the engineering service division of the equipment manufacturer under the

Startup and Acceptance Testing contract portion.

B. Make minor modifications to equipment as required to accomplish compliance

with short-circuit and protective device coordination studies.

C. Testing and adjusting shall be by a full-time employee of the Field Adjusting

Agency, who holds NETA ETT Level III certification or NICET Electrical Power

Testing Level III certification.

1. Perform each visual and mechanical inspection and electrical test stated in

NETA Acceptance Testing Specification. Certify compliance with test

parameters. Perform NETA tests and inspections for all adjustable

overcurrent protective devices.
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3.5 DEMONSTRATION

A. Engage the Coordination Study Specialist to train Owner's maintenance

personnel in the following:

1. Acquaint personnel in the fundamentals of operating the power system in

normal and emergency modes.

2. Hand-out and explain the objectives of the coordination study, study

descriptions, purpose, basis, and scope. Include case descriptions,

definition of terms, and guide for interpreting the time-current coordination

curves.

3. Adjust, operate, and maintain overcurrent protective device settings.

END OF SECTION
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SECTION 26 05 74.01

OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

B. Related Sections include but are not necessarily limited to:

1. Section 10 14 00 – Identification Devices

2. Section 26 05 73 – Overcurrent Protective Device Coordination Study

1.2 SUMMARY

A. Section includes a computer-based, arc-flash study to determine the arc-flash

hazard distance and the incident energy to which personnel could be exposed

during work on or near electrical equipment.

B. This Section specifies the short circuit and protective-device coordination study,

and arc flash study and report, for all voltage levels of the electrical power system

for the WHCRWA West Harris County Regional Water Authority including back-

up generator power.

1. The "electrical power system" starts at the utility’s 35 KV riser poles and

includes the medium voltage buses through low voltage buses associated

with this Contract. Studies shall be performed down to the 208Y/120

panelboards.

2. Arc flash study shall include the method and recommendation in

determining proper Personal Protective Equipment (PPE) and proper

labeling of equipment as specified in this Section.

3. Provide equipment labeling.

4. The studies shall model the different operating configurations that may be

encountered.  This includes different transformers operating individually

with various main and tie breakers open and closed and operating off the

emergency generators.  The studies shall clearly identify the particular

operating configuration.
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5. The Contractor shall redo the Studies if any changes are made during the

field testing/checkout and start-up.

C. Reports shall include the utility transformers, standby engine generators,

switchgear, motor control equipment, panelboards, and dry-type transformers.

1. Field data as needed shall be determined and gathered by the Contractor

after Notice to Proceed to accomplish the Arc Flash Report.

2. The report shall include electrical equipment being installed in this

Construction Contract.

1.3 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in

associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment

for Work in this Section is included in total Stipulated Price.

1.4 DEFINITIONS

A. Existing to Remain: Existing items of construction that are not to be removed and

that are not otherwise indicated to be removed, removed and salvaged, or

removed and reinstalled.

B. One-Line Diagram: A diagram which shows, by means of single lines and graphic

symbols, the course of an electric circuit or system of circuits and the component

devices or parts used therein.

C. Protective Device: A device that senses when an abnormal current flow exists

and then removes the affected portion from the system.

D. SCCR: Short-circuit current rating.

E. Service: The conductors and equipment for delivering electric energy from the

serving utility to the wiring system of the premises served.

1.5 ACTION SUBMITTALS

A. Product Data: For computer software program to be used for studies.

B. Study Submittals: Submit the following submittals after the approval of system

protective devices submittals. Submittals shall be in digital form.
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1. Arc-flash study input data, including completed computer program input

data sheets.

2. Arc-flash study report; signed, dated, and sealed by a qualified professional

engineer.

a. Submit study report for action prior to receiving final approval of the

distribution equipment submittals. If formal completion of studies will

cause delay in equipment manufacturing, obtain approval from

Architect for preliminary submittal of sufficient study data to ensure

that the selection of devices and associated characteristics is

satisfactory.

1.6 INFORMATIONAL SUBMITTALS

A. Qualification Data: For Arc-Flash Study Specialist.

1.7 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:

1. Maintenance procedures according to requirements in NFPA 70E shall be

provided in the equipment manuals.

2. Operation and Maintenance Procedures: In addition to items specified in

Section 017823 "Operation and Maintenance Data," provide maintenance

procedures for use by Owner's personnel that comply with requirements in

NFPA 70E.

1.8 QUALITY ASSURANCE

A. Studies shall use computer programs that are distributed nationally and are in

wide use. Software algorithms shall comply with requirements of standards and

guides specified in this Section. Manual calculations are unacceptable.

B. Arc-Flash Study Software Developer Qualifications: An entity that owns and

markets computer software used for studies, having performed successful

studies of similar magnitude on electrical distribution systems using similar

devices.

1. The computer program shall be developed under the charge of a licensed

professional engineer who holds IEEE Computer Society's Certified

Software Development Professional certification.
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C. Arc-Flash Study Specialist Qualifications: Professional engineer in charge of

performing the study, analyzing the arc flash, and documenting

recommendations, licensed in the state where Project is located. All elements of

the study shall be performed under the direct supervision and control of this

professional engineer.

D. Field Adjusting Agency Qualifications: An independent agency, with the

experience and capability to adjust overcurrent devices and to conduct the testing

indicated, that is a member company of the InterNational Electrical Testing

Association or is a nationally recognized testing laboratory (NRTL) as defined by

OSHA in 29 CFR 1910.7, and that is acceptable to authorities having jurisdiction.

PART 2 - PRODUCTS

2.1 COMPUTER SOFTWARE DEVELOPERS

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

computer software that can be used on project only include the following:

1. SKM Systems Analysis

B. Comply with IEEE 1584 and NFPA 70E.

C. Analytical features of device coordination study computer software program shall

have the capability to calculate "mandatory," "very desirable," and "desirable"

features as listed in IEEE 399.

2.2 ARC-FLASH STUDY REPORT CONTENT

A. Executive summary.

B. Study descriptions, purpose, basis and scope.

C. One-line diagram, showing the following:

1. Protective device designations and ampere ratings.

2. Cable size and lengths.

3. Transformer kilovolt ampere (kVA) and voltage ratings.

4. Motor and generator designations and kVA ratings.

5. Switchgear, switchboard, motor-control center and panelboard

designations.

D. Study Input Data: As described in "Power System Data" Article.
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E. Protective Device Coordination Study Report Contents: As specified in

"Protective Device Coordination Study Report Contents" Article in

Section 26 05 73 "Overcurrent Protective Device Coordination Study."

F. Arc-Flash Study Output:

1. Interrupting Duty Report: Three-phase and unbalanced fault calculations,

showing the following for each overcurrent device location:

a. Voltage.

b. Calculated symmetrical fault-current magnitude and angle.

c. Fault-point X/R ratio.

d. No AC Decrement (NACD) ratio.

e. Equivalent impedance.

f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on

a symmetrical basis.

g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on

a total basis.

G. Incident Energy and Flash Protection Boundary Calculations:

1. Arcing fault magnitude.

2. Protective device clearing time.

3. Duration of arc.

4. Arc-flash boundary.

5. Working distance.

6. Incident energy.

7. Hazard risk category.

8. Recommendations for arc-flash energy reduction.

H. Fault study input data, case descriptions, and fault-current calculations including

a definition of terms and guide for interpretation of the computer printout.

2.3 ARC-FLASH WARNING LABELS

A. Comply with requirements in Section 10 14 00 "Identification Devices” for self-

adhesive equipment labels. Produce a 3.5-by-5-inch self-adhesive equipment

label for each work location included in the analysis.

B. The label shall have an orange header with the wording, "WARNING, ARC-

FLASH HAZARD," and shall include the following information taken directly from

the arc-flash hazard analysis:
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1. Location designation.

2. Nominal voltage.

3. Flash protection boundary.

4. Hazard risk category.

5. Incident energy.

6. Working distance.

7. Engineering report number, revision number, and issue date.

C. Labels shall be machine printed, with no field-applied markings.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine Project overcurrent protective device submittals. Proceed with arc-flash

study only after relevant equipment submittals have been assembled.

Overcurrent protective devices that have not been submitted and approved prior

to arc-flash study may not be used in study.

3.2 ARC-FLASH HAZARD ANALYSIS

A. Comply with NFPA 70E and its Annex D for hazard analysis study.

B. Preparatory Studies:

1. Protective Device Coordination Study Report Contents: As specified in

"Protective Device Coordination Study Report Contents" Article in

Section 260573 "Overcurrent Protective Device Coordination Study."

C. Calculate maximum and minimum contributions of fault-current size.

1. The minimum calculation shall assume that the utility contribution is at a

minimum and shall assume no motor load.

2. The maximum calculation shall assume a maximum contribution from the

utility and shall assume motors to be operating under full-load conditions.

D. Calculate the arc-flash protection boundary and incident energy at locations in

the electrical distribution system where personnel could perform work on

energized parts.

E. Include medium- and low-voltage equipment locations, except equipment rated

240-V ac or less fed from transformers less than 125 kVA.
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F. Safe working distances shall be specified for calculated fault locations based on

the calculated arc-flash boundary, considering incident energy of 1.2 cal/sq.cm.

G. Incident energy calculations shall consider the accumulation of energy over time

when performing arc-flash calculations on buses with multiple sources. Iterative

calculations shall take into account the changing current contributions, as the

sources are interrupted or decremented with time. Fault contribution from motors

and generators shall be decremented as follows:

1. Fault contribution from induction motors should not be considered beyond

three to five cycles.

2. Fault contribution from synchronous motors and generators should be

decayed to match the actual decrement of each as closely as possible (e.g.,

contributions from permanent magnet generators will typically decay from

10 per unit to three per unit after 10 cycles).

H. Arc-flash computation shall include both line and load side of a circuit breaker as

follows:

1. When the circuit breaker is in a separate enclosure.

2. When the line terminals of the circuit breaker are separate from the work

location.

I. Base arc-flash calculations on actual overcurrent protective device clearing time.

Cap maximum clearing time at two seconds based on IEEE 1584, Section B.1.2.

3.3 POWER SYSTEM DATA

A. Obtain all data necessary for the conduct of the arc-flash hazard analysis.

1. Verify completeness of data supplied on the one-line diagram on Drawings.

Call discrepancies to the attention of Architect.

2. For new equipment, use characteristics submitted under the provisions of

action submittals and information submittals for this Project.

3. For existing equipment, whether or not relocated, obtain required electrical

distribution system data by field investigation and surveys, conducted by

qualified technicians and engineers.

B. Electrical Survey Data: Gather and tabulate the following input data to support

study. Comply with recommendations in IEEE 1584 and NFPA 70E as to the

amount of detail that is required to be acquired in the field. Field data gathering

shall be under the direct supervision and control of the engineer in charge of

performing the study and shall be by the engineer or its representative who holds
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NETA ETT Level III certification or NICET Electrical Power Testing Level III

certification.

1. Product Data for overcurrent protective devices specified in other Sections

and involved in overcurrent protective device coordination studies. Use

equipment designation tags that are consistent with electrical distribution

system diagrams, overcurrent protective device submittals, input and output

data, and recommended device settings.

2. Obtain electrical power utility impedance at the service.

3. Power sources and ties.

4. Short-circuit current at each system bus, three phase and line-to-ground.

5. Full-load current of all loads.

6. Voltage level at each bus.

7. For transformers, include kVA, primary and secondary voltages, connection

type, impedance, X/R ratio, taps measured in per cent, and phase shift.

8. For reactors, provide manufacturer and model designation, voltage rating

and impedance.

9. For circuit breakers and fuses, provide manufacturer and model

designation. List type of breaker, type of trip and available range of settings,

SCCR, current rating, and breaker settings.

10. Generator short-circuit current contribution data, including short-circuit

reactance, rated kVA, rated voltage, and X/R ratio.

11. For relays, provide manufacturer and model designation, current

transformer ratios, potential transformer ratios, and relay settings.

12. Busway manufacturer and model designation, current rating, impedance,

lengths, and conductor material.

13. Motor horsepower and NEMA MG 1 code letter designation.

14. Low-voltage cable sizes, lengths, number, conductor material and conduit

material (magnetic or nonmagnetic).

15. Medium-voltage cable sizes, lengths, conductor material, and cable

construction and metallic shield performance parameters.

3.4 LABELING

A. Apply one arc-flash label for 600-V ac, 480-V ac, and applicable 208-V ac

panelboards and disconnects and for each of the following locations:

1. Motor-control center.

2. Low-voltage switchboard.

3. Switchgear.

4. Medium-voltage switch.
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5. Control panel.

6. Arc flash warning labels printed in color on adhesive backed labels. Arc

Flash labels shall be similar to the following example:

3.5 APPLICATION OF WARNING LABELS

A. Install the arc-fault warning labels under the direct supervision and control of the

Arc-Flash Study Specialist.

3.6 DEMONSTRATION

A. Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel

in the potential arc-flash hazards associated with working on energized

equipment and the significance of the arc-flash warning labels.

END OF SECTION
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SECTION 26 08 13

ACCEPTANCE TESTING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Basic requirements for acceptance testing.

B. Related Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the

Contract

2. Division 01 - General Requirements

3. Division 26 - Electrical

4. Section 40 05 05 - Equipment:  Basic Requirements

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in

associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment

for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. Institute of Electrical and Electronics Engineers, Inc. (IEEE):

a. 400, Guide for Field Testing and Evaluation of the Insulation of Shielded

Power Cable Systems.

b. 400.3, Guide for Partial Discharge Testing of Power Cable Systems in a

Field Environment.

2. InterNational Electrical Testing Association (NETA):

a. ATS, Standard for Acceptance Testing Specifications for Electric Power

Equipment and Systems.

3. Nationally Recognized Testing Laboratory (NRTL).
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4. Telecommunications Industries Association/Electronic Industries

Association/American National Standards Institute (TIA/EIA/ANSI):

a. 455-78-B, Optical Fibers - PART 1-40:  Measurement Methods and Test

Procedures - Attenuation.

B. Qualifications:

1. Testing firm qualifications:  See Section 40 05 05.

2. Field personnel:

a. See Section 40 05 05.

b. As an alternative, supervising technician may be certified by the

equipment manufacturer.

3. Analysis personnel:

a. See Section 40 05 05

b. As an alternative, supervising technician may be certified by the

equipment manufacturer.

C. Phasing Diagram:

1. Coordinate with Utility Company for phase rotations and Phase A, B and C

markings.

a. Create a phasing diagram showing the coordinated phase rotations with

motors through the transformers.

1.4 SUBMITTALS

A. Shop Drawings

1. See Section 01 33 00 for requirements for the mechanics and administration

of the submittal process.

2. See Section 40 05 05 for electrical equipment and connection testing plan

submittal requirements.

B. Miscellaneous Submittals:

1. See Section 01 33 00 for requirements for the mechanics and administration

of the submittal process.

2. Prior to energizing equipment:

a. Coordinated phasing diagram.

b. Photocopies of continuity tests.

3. Within two (2) weeks after successful completion of Demonstration Period

(Commissioning Period):
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a. Single report containing information including:

1) Summary of Project.

2) Information from pre-energization testing.

3) See testing and monitoring reporting requirements in Section

40 05 05.

PART 2 - PRODUCTS

2.1 FACTORY QUALITY CONTROL

A. Provide Division 26 equipment with all routine factory tests required by the

applicable industry standards or NRTL.

B. Factory testing will not be accepted in lieu of field acceptance testing

requirements specified in this Section and Section 40 05 05.

PART 3 - EXECUTION

3.1 FIELD QUALITY CONTROL

A. General

1. See Section 40 05 05.

2. Complete electrical testing in three (3) phases:

a. Pre-energization testing phase.

b. Equipment energized with no load.

c. Equipment energized under load.

3. Perform testing in accordance with this Section and NETA ATS.

4. Provide field setting and programming of all adjustable protective devices

and meters to settings as determined by the approved coordination study.

B. Equipment Monitoring and Testing Plan:  See Section 40 05 05.

C. Instruments Used in Equipment and Connections Quality Control Testing:  See

Section 40 05 05.

D. Testing and Monitoring Program Documentation:  See Section 40 05 05.

E. Electrical Equipment and Connections Testing Program

1. See Section 40 05 05.



WHCRWA
ACCEPTANCE TESTING CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
ACCEPTANCE TESTING

26 08 13 - 4 OF 10

2. See individual Division 26 Sections for equipment specific testing

requirements.

3. Test all electrical equipment.

a. Perform all required NETA testing.

b. Perform all required NETA testing plus the optional testing identified with

each specific type of equipment in Article 3.2 of this Section.

3.2 SPECIFIC EQUIPMENT TESTING REQUIREMENTS

A. Switchgear and Switchboards

1. Perform inspections and tests per NETA ATS 7.1.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

B. Transformers

1. Perform inspections and tests per NETA ATS 7.2.1.1.

2. Perform the following additional tests:

a. Record phase-to-phase, phase-to-neutral, and neutral-to-ground

voltages at no load after energizing, and at operating load after startup.

3. Adjust tap connections as required to provide secondary voltage within 2-1/2

percent of nominal under normal load after approval of Owner’s

representative.

4. Record as-left tap connections.

C. Transformers - Liquid Filled

1. Perform inspections and tests per NETA ATS 7.2.2. except the following:

a. Bushing power factor.

b. Core insulation resistance.

c. Dissolved gas analysis.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

3. Perform the following additional tests

a. Record phase-to-phase, phase-to-neutral, and neutral-to-ground

voltages at no load after energizing, and at operating load after start-up.

4. Adjust tap changer setting as required to provide secondary voltage within 2-

1/2 percent of nominal under normal load after approval of Owner’s

representative.

5. Record as-left tap changer setting.
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D. Transformer Cooling Fans/Temperature Controllers

1. Verify each temperature sensor is of the correct type and rating and provides

the correct output signal at ambient temperature.

2. Using a thermocouple or RTD simulator, verify correct temperature indication

and alarm and fan control relay operation by signal injection.

3. Verify operation of controls in manual and automatic mode.

4. Verify operation of all cooling fans, record running current and compare to

nameplate value.

5. Verify trip circuit operation where provided.

E. Cable - Low Voltage

1. Perform inspections and tests per NETA ATS 7.3.2.

F. Cable - Medium Voltage

1. Perform inspections and tests per NETA ATS 7.3.3.

2. Non-destructive partial discharge test:

a. After energization, perform a partial discharge test for baseline data for

future partial discharge maintenance testing.

b. Perform the work while the medium voltage circuits and equipment are

energized.

1) The cables shall not be disconnected or de-energized and the testing

shall not expose the cables to voltages that exceed normal operating

voltage.

c. Use a frequency domain detection process incorporating a spectrum

analyzer with radio frequency current transformer (RF CT) sensors.

1) The detection system, including spectrum analyzer, RF CT's and

interconnecting cable, shall have a partial discharge detection range

that at least covers the frequency range of 10 kHz to 300 MHz

2) Testing shall be performed in a manner that complies with the

requirements of IEEE 400 and IEEE 400.3.

G. Busway and Busduct

1. Perform inspections and tests per NETA ATS 7.4.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

3. Perform the following additional tests:

a. Weatherproof busway/busduct:

1) Verify correct location, operation and current draw of heaters.
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2) Verify correct operation of thermostat.

H. Air Interrupter Switches

1. Perform inspections and tests per NETA ATS 7.5 and NETA ATS 7.6.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

3. Perform the following optional tests per NETA ATS on all medium voltage

switches:

a. Insulation resistance phase-to-phase, phase-to-ground in open and

closed positions and across each open pole.

I. Medium Voltage Source Transfer System

1. Perform applicable inspections and test per:

a. NETA ATS for Air Interrupter Switches.

b. Manufacturer's instructions.

J. Medium Voltage Circuit Breakers

1. Perform inspections and tests per NETA ATS 7.6.2.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

3. Perform the following optional tests per NETA ATS:

a. Control wiring insulation resistance.

b. Minimum trip and close voltage.

c. Over potential.

4. Perform the following additional tests:

a. High-potential vacuum integrity test per manufacturer’s

recommendations.

K. Low Voltage Power Circuit Breakers

1. Perform inspections and tests per NETA ATS 7.6.1.2.

a. Tests shall include primary current injection testing of all breakers at final

settings.

b. Where short-time or instantaneous settings on large frame breakers are

beyond the current capability of field testing, primary injection tests at

reduced currents shall be permitted if combined with secondary injection

calibration test of trip unit at final settings.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.
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3. Perform the following additional tests:

a. Shunt trip devices minimum tripping voltage.

4. Record as-left settings.

L. Low Voltage Molded Case Circuit Breakers

1. Perform inspections and tests per NETA ATS 7.6.1.1.

2. Components:

a. Test all components per applicable paragraphs of this Section and NETA

ATS.

b. Thermal magnetic breakers:  Visual and mechanical inspection per

NETA ATS only.

c. Solid state trip type:  Visual and mechanical inspection and electrical

tests per NETA ATS.

3. Record as-left settings.

M. Protective Relays

1. Perform inspections and tests per NETA ATS 7.9.

a. Tests to be performed using secondary injection of 3 PH current and

potential at final settings.

b. Test at manufacturer’s recommended test points and critical timing points

identified on relay setting sheet.

2. Perform all tests identified as optional per NETA ATS.

3. Perform the following additional tests:

a. Verification of direct trip of associated lockout relay or circuit breaker(s)

by using relay test function or shorting trip contact at relay case.

b. Microprocessor-based relays:

1) Complete commissioning procedure per manufacturer’s instructions,

followed by tests of each relay element at final settings.

2) Verification of all internally-programmed logic.

c. Verification of all auxiliary input and output signals.

d. Verification of power supply/self-diagnostic alarm contact and remote

annunciation.

4. Record as-left settings.

N. Instrument Transformers

1. Perform inspections and tests per NETA ATS 7.10.
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2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

3. Perform the following optional tests per NETA ATS:

a. Dielectric withstand test on potential transformers.

O. Metering

1. Perform inspections and tests per NETA ATS 7.11.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

P. Grounding

1. Perform inspections and tests per NETA ATS 7.13.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

3. 5 Ohms maximum resistance per ground rod.

4. Add additional length to ground rods up to 40 foot total length.

Q. Ground Fault Protection

1. Perform inspections and tests per NETA ATS 7.14.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

3. Perform the following optional tests per NETA ATS:

a. Control wiring insulation resistance.

4. Perform the following additional tests for four-wire systems:

a. Primary current injection into switchgear bus with test set configured to

simulate transformer source and high current jumper used to simulate

unbalanced load and ground fault conditions.

b. Verify no tripping for unbalanced load on each feeder and each main

breaker.

c. Verify no tripping for unbalanced load across tie breaker for dual-source

schemes.

d. Verify tripping for ground fault on load side of feeder each feeder and on

each main bus.

e. Verify tripping for ground fault on a single feeder and on each main bus

through tie breaker(s) for multiple-source schemes.

R. Motors

1. Perform inspections and tests per NETA ATS 7.15.

2. See Section 40 05 05.
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S. Motor Controllers

1. Perform inspections and tests per NETA ATS 7.16.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

T. DC Power Systems

1. Perform inspections and tests per NETA ATS 7.18.

2. Components:  Test all components per applicable paragraphs of this Section

and NETA ATS.

3. Perform the following optional tests per NETA ATS:

a. Cell impedance test.

U. System Functional Test

1. Perform test upon completion of equipment acceptance tests.

2. The test is to prove the correct interaction of all sensing, processing and

action devices.

3. Develop a test plan and parameters for the purpose of evaluating the

performance of the system.

4. Perform the following tests:

a. Verify the correct operation of all interlock safety devices for fail-safe

functions in addition to design function.

b. Verify the correct operation of all sensing devices, alarms and indicating

devices.

5. Systems to be tested:

a. Protective Relaying Systems.

b. Digital Metering System.

c. Paralleling Switchgear Schemes.

d. Automatic and Manual Transfer Switch Schemes.

END OF SECTION
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SECTION 26 09 13 

ELECTRICAL METERING DEVICES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Digital metering equipment. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 

Contract 

2. Division 01 - General Requirements 

3. Section 01 25 13 - Product Substitutions 

4. Section 01 33 00 - Submittals 

5. Division 26 - Electrical 

6. Section 26 05 00 - Electrical:  Basic Requirements 

7. Section 26 08 13 - Acceptance Testing 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 

associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment 

for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Institute of Electrical and Electronics Engineers, Inc. (IEEE): 

a. C57.13, Standard Requirements for Instrument Transformers. 
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2. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

3. National Electrical Manufacturers Association/American National Standards 

Institute (NEMA/ANSI): 

a. C12.20, For Electricity Meter - 0.2 and 0.5 Accuracy Classes. 

4. Underwriters Laboratories, Inc. (UL): 

a. 508, Standard for Safety Industrial Control Equipment. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01 33 00 for requirements for the mechanics and administration 

of the submittal process. 

2. Product technical data including: 

a. Provide submittal data for all products specified in PART 2 of this Section: 

b. See Section 26 05 00 for additional requirements. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following manufacturers 

are acceptable: 

1. Eaton. 

2. Electro Industries. 

3. Schneider Electric. 

4. Siemens. 

5. Power Measurement. 

B. Submit request for substitution in accordance with Section 01 25 13. 

2.2 DIGITAL METERING DEVICES 

A. General: 
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1. Direct reading metered or calculated values. 

2. Microprocessor based. 

3. Integral LED or LCD display. 

4. Current and potential transformers as required. 

5. Integral fusing. 

6. Operating temperature:  0ºF to 150ºF. 

7. Standards: 

a. NEMA/ANSI C12.20. 

b. UL 508. 

B. Type 'B' Midrange Meter: 

1. Display the following minimum electrical parameters (accuracy): 

a. RMS current per phase (+0.3 percent full scale). 

b. RMS voltage line-to-line and line-to-neutral (+0.3 percent full scale). 

c. Real power (W):  3 PH total (+0.6 percent full scale). 

d. Apparent power (VA):  3 PH total (+0.6 percent full scale). 

e. Reactive power (VAR):  3 PH total (+0.6 percent full scale). 

f. Power factor (+1.0 percent). 

g. Frequency (+0.17 percent). 

h. Percent current total harmonic distortion (31st). 

i. Percent voltage total harmonic distortion (31st). 

2. Communication ports and protocols:  As specified herein and/or as required 

for a functioning system. 

3. Supply voltage:  120 Vac. 

C. Type 'C' High Range Meter: 

1. Display the following minimum electrical parameters (accuracy): 

a. RMS current per phase (+0.2 percent full scale). 

b. RMS voltage line-to-line and line-to-neutral (+0.2 percent full scale). 

c. Real power (W):  3 PH total (+0.4 percent full scale). 

d. Apparent power (VA):  3 PH total (+0.4 percent full scale). 

e. Reactive power (VAR):  3 PH total (+0.4 percent full scale). 

f. Power factor (+1.0 percent). 

g. Frequency (+0.04 percent). 

h. Percent current individual harmonic and total harmonic distortion (50th). 
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i. Percent voltage individual harmonic and total harmonic distortion (50th). 

j. Watt-hours (0.5 percent). 

k. VAR-hours (1.0 percent). 

l. VA-hours (0.5 percent). 

m. Ampere demand (+0.2 percent full scale). 

n. Watt demand (+0.4 percent full scale). 

o. VAR demand (+0.4 percent full scale). 

p. VA demand (+0.4 percent full scale). 

q. Phaser diagram. 

2. NEMA/ANSI C12.20, Class 0.2 revenue accuracy. 

3. Communication ports and protocols:  As specified herein and/or as required 

for a functioning system. 

4. Supply voltage:  120 Vac. 

2.3 TRANSFORMERS 

A. Current Transformer (CT): 

1. Standards:  IEEE C57.13. 

2. Current ratios:  As indicated on the Drawings. 

3. Window type current transformers shall be accessible from front of cubicle to 

permit changing or adding, without disconnecting bus joints. 

4. Minimum ANSI metering accuracy class of 0.3 thru B-0.5. 

5. Mount and brace to withstand mechanical stresses resulting from short circuit 

currents. 

B. Potential Transformers (PT): 

1. Standard:  IEEE C57.13. 

2. Voltage ratio:  As required. 

3. Primary current-limiting fuses. 

4. Secondary fuses or circuit breaker.  

5. Accuracy class:  0.3 at burden W thru Z and 0.6 at burden ZZ. 

6. Thermal burden rating:  Exceed maximum connected burden. 

2.4 ACCESSORIES 

A. Software: 

1. Power management and control software. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install as indicated and in accordance with manufacturer's recommendations and 

instructions. 

1. Provide all equipment as necessary to provide a complete and functioning 

system. 

2. Coordinate with the Owner on final computer screen layouts, trending 

requirements and printouts. 

B. Meter Types: 

1. Type B meters:  Connected to 480V feeder breakers,. 

2. Type C meters:  Connected to medium voltage breakers and 480V main 

breakers, unless otherwise indicated on the Drawings 

C. Communication Configuration: 

1. Feeder breaker meters shall communicate with its associated main breaker 

meter. 

2. The main breaker meter shall be connected to the nearest plant control 

system Ethernet switch. 

3. Configure one (1) of the computers provided by the control system with the 

power management and control software. 

a. Provide technical assistance to the system integrator as necessary to 

provide a functioning system. 

D. Computer Screen Configuration: 

1. Each Type B and C meter shall have a data screen with the following minimum 

data as applicable for the capabilities of that type of meter: 

a. Voltage line-to-line for each phase and an average. 

b. Voltage line-to-neutral for each phase and an average. 

c. Current for each phase, neutral and average and peak demands. 

d. Kilowatts (kW)for each phase, total, demand and peak demand. 

e. Kilovolt-amperes (kVA) for each phase, total, demand and peak demand. 
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f. Kilovolt-amperes reactive (kVAR) for each phase, total, demand and peak 

demand. 

g. Power factor for each phase and total. 

h. Frequency. 

i. Voltage total harmonic distortion for each phase. 

j. Current total harmonic distortion for each phase. 

k. Energy (kWhr) for each phase and total. 

l. A seven (7) day kW, kVA and kVAR trend average. 

m. Peak demands shall be resetable by the operator. 

2. Meter Types B and C shall have the following 15 minute trending graphs. 

a. Duration:  Adjustable, with a seven (7) day default. 

b. Phase A current:  Minimum, maximum and average. 

c. Phase B current:  Minimum, maximum and average. 

d. Phase C current:  Minimum, maximum and average. 

e. Neutral current:  Minimum, maximum and average. 

f. Phase A Watts:  Minimum, maximum and average. 

g. Phase B Watts:  Minimum, maximum and average. 

h. Phase C Watts:  Minimum, maximum and average. 

i. Watts total. 

j. Phase A Voltamps:  Minimum, maximum and average. 

k. Phase B Voltamps:  Minimum, maximum and average. 

l. Phase C Voltamps:  Minimum, maximum and average. 

m. Voltamps total. 

n. Phase A power factor:  Minimum, maximum and average. 

o. Phase B power factor:  Minimum, maximum and average. 

p. Phase C power factor:  Minimum, maximum and average. 

q. Power factor total. 

E. Current transformers shall be connected to shorting type terminal blocks. 

F. Potential transformers shall have primary and secondary fuses with a 

disconnecting means. 

3.2 FIELD QUALITY CONTROL 

A. Acceptance Testing:  See Section 26 08 13. 



WHCRWA  

CENTRAL PUMP STATION ELECTRICAL METERING DEVICES 

 
 

WHCRWA CENTRAL PUMP STATION 
ELECTRICAL METERING DEVICES 

26 09 13 - 7 OF 8 

3.3 TRAINING 

A. A qualified factory-trained manufacturer's representative shall provide the Owner 

with 8 HRS of on-site training in the operation and maintenance of the metering 

system and its components. 

END OF SECTION 
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SECTION 26 09 16 

CONTROL EQUIPMENT ACCESSORIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Operator control devices (selector switches, pushbuttons, indicator lights, 

etc.). 

2. Control devices (timers, relays, contactors, etc.). 

3. Control panels and operator stations. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 

Contract. 

2. Division 01 - General Requirements. 

3. Section 01 33 00 – Submittals. 

4. Section 26 05 00 - Electrical:  Basic Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 

associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment 

for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 
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b. ICS 2, Industrial Control and System Controllers, Contactors and 

Overload Relays Rated 600 Volts. 

2. Underwriters Laboratories, Inc. (UL): 

a. 508, Standard for Safety Industrial Control Equipment. 

b. 508A, Standard for Safety Industrial Control Panels. 

B. Miscellaneous: 

1. Supplier of Industrial Control Panels shall build control panel under the 

provisions of UL 508A. 

a. Entire assembly shall be affixed with a UL 508A label "Listed Enclosed 

Industrial Control Panel" prior to shipment to the jobsite. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01 33 00 for requirements for the mechanics and administration 

of the submittal process. 

2. Product technical data: 

a. Provide submittal data for all products specified in PART 2 of this Section: 

b. Control panel bill of material. 

c. See Section 26 05 00 for additional requirements. 

3. Fabrication and/or layout drawings. 

a. Control panel interior and exterior layout. 

b. Control panel wiring diagrams. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following manufacturers 

are acceptable: 

1. Pilot devices and relays: 
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a. Eaton Electric. 

b. Allen Bradley. 

c. Idec. 

d. Potter & Brumsfield. 

e. ATC Diversified Electronics. 

2. Contactors: 

a. Automatic Switch Company (ASCO). 

b. Eaton Electric. 

c. ABB. 

d. Schneider Electric . 

e. Siemens. 

f. Allen Bradley. 

3. Photocells and time clocks: 

a. Grasslin. 

b. Tork. 

c. Intermatic. 

d. Paragon. 

4. Alarm devices: 

a. Edwards Signaling. 

b. Federal Signal Corp. 

5. Terminal blocks: 

a. Phoenix Contact. 

b. Allen-Bradley. 

6. Enclosures: 

a. Nema Enclosures 

b. Hoffman Engineering Co. 

c. Wiegmann. 

d. B-Line Circle AW. 

e. Adalet. 

B. Submit request for substitution in accordance with Section 01 25 13. 
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2.2 PILOT DEVICES 

A. General Requirements: 

1. Standards:  NEMA ICS 2, UL 508. 

2. Heavy-duty NEMA 4/13 watertight/oiltight. 

3. Heavy-duty NEMA 4/4X corrosion resistant. 

4. Heavy-duty factory sealed, explosion-proof and dust ignition-proof (Class I 

and II). 

5. Mounting hole:  30.5 mm. 

6. Contact blocks:  10 amp, NEMA A600 rated, number as required to fulfill 

functions shown or specified. 

7. Legend plate  

B. Selector Switches: 

1. Two, three- or four-position rotary switch as required to fulfill functions shown 

or specified. 

2. Maintained contact type. 

3. Knob or lever type operators. 

C. Pushbuttons: 

1. Non-illuminated type: 

a. Protective boot. 

b. Momentary contact. 

c. Standard flush and mushroom operators. 

d. Black  colored buttons for START or ON and black color for STOP or 

OFF. 

e. Emergency stop pushbuttons:  Mushroom head operator and maintained 

contact. 

D. Indicating Lights: 

1. Allowing replacement of bulb without removal from control panel. 

2. Lamp:  LED, 120 V or 24 V as required. 

3. Full voltage type. 

4. Push-to-test indicating lights. 

5. Polycarbonate lens. 

6. Color code lights as follows: 
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a. Green:  OFF or stopped; valve closed. 

b. Amber:  Standby; auto mode; ready. 

c. Red:  ON or running; valve open. 

2.3 RELAYS 

A. General Requirements: 

1. Standards:  NEMA ICS 2, UL 508. 

B. Control Relays: 

1. General purpose (ice cube) type: 

a. Plug-in housing. 

b. Clear polycarbonate dust cover with clip fastener. 

c. Coil voltage:  120 Vac or as required. 

d. Contacts: 

1) 10 amp continuous. 

2) Silver cadmium oxide. 

3) Minimum of 3 SPDT contacts. 

e. Sockets:  DIN rail mounted. 

f. Internal neon or LED indicator is lit when coil is energized. 

g. Manual operator switch. 

h. No miniatures allowed. 

2. Industrial type: 

a. Coil voltage:  120 Vac or as required. 

b. Contacts:  

1) 10 amp, NEMA A600 rated. 

2) Double break, silver alloy. 

3) Convertible from normally open to normally closed or vice versa, 
without removing any wiring. 

4) Expandable from 2 poles to 12 poles. 

c. Provide contacts for all required control plus two spares. 

C. Time Delay Relays: 

1. General purpose type: 
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a. Timing modes:  On and Off delay, interval, one shot and repeat cycle. 

b. Plug-in housing. 

c. Polycarbonate dust cover with clip fastener. 

d. Coil voltage:  120 Vac or as required. 

e. Contacts: 

1) 10 amp continuous. 

2) Silver cadmium oxide. 

3) Two normally open and two normally closed DPDT contacts. 

f. Sockets:  DIN rail mounted. 

g. External timing adjustment knob. 

h. Timing ranges:  0.05 seconds to 16.65 HRS. 

i. Repeat accuracy:  +1 percent. 

2. Solid State industrial type: 

a. Timing modes:  On and Off delay and repeat cycle. 

b. Industrial housing. 

c. Coil voltage:  120 Vac or as required. 

d. Contacts: 

1) 5 amp, NEMA B150 rated. 

2) Silver alloy. 

3) Convertible On Delay and Off Delay contacts. 

4) One normally open and one normally closed timed contacts. 

5) One normally open and one normally closed instantaneous 
contacts. 

e. Furnish with "on" and "timing out" indicators. 

f. External timing adjustment knob. 

g. Timing ranges:  0.05 seconds to 10 HRS. 

h. Repeat accuracy:  +1 percent. 

3. Mechanical industrial type: 

a. Timing modes:  On and Off delay. 

b. Coil voltage:  120 Vac or as required. 

c. Contacts: 

1) 10 amp, NEMA A600 rated. 

2) Double break, silver alloy. 

3) Convertible On Delay and Off Delay contacts. 

4) Convertible normally open and normally closed timed contacts. 
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5) Convertible normally open instantaneous contacts. 

d. External timing adjustment knob. 

e. Timing ranges:  0.2 - 60 sec or 5 - 180 sec. 

f. Repeat accuracy:  Greater than +10 percent. 

2.4 CONTACTORS 

A. General Requirements: 

1. Standards:  NEMA ICS 2, UL 508. 

B. Lighting and Remote Control Switches: 

1. Electrically operated, mechanically held. 

2. Coil voltage:  120 Vac or as required. 

3. Contacts:  Totally enclosed, double-break silver-cadmium-oxide. 

4. Rated for ballasted lighting, tungsten and general use loads. 

5. Number of poles, continuous ampere rating and voltage,  

6. Auxiliary control relays, a. 

7. Auxiliary contacts, as indicated on Drawings or as specified. 

C. Definite Purpose: 

1. Coil voltage:  120 Vac or as required. 

2. Contacts:  Totally enclosed, double-break silver-cadmium-oxide. 

3. Resistive load and horsepower rated. 

4. Number of poles, continuous ampere rating and voltage, Auxiliary contacts, 

PHOTOCELLS AND TIME CLOCKS 

D. Photocells: 

1. Weatherproof enclosure. 

2. Adjustable turn-on range, initially set at 1.0 footcandles. 

a. Turn-off level approximately three times turn-on. 

3. Provide time delay device to eliminate nuisance switching. 

4. Voltage, amperage and/or wattage ratings as required for the application. 
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2.5 ALARM DEVICES 

A. Alarm Horns 

B. TYPE (Edwards 870, 874, 876, 878EX series) 

1. Vibrating horn type. 

2. PLC compatible as required. 

3. Heavy-duty die cast housing with corrosion resistant finish. 

4. Adjustable volume:  78 to 103 dB at 10 FT. 

5. Voltage:  120 Vac or as required. 

6. Enclosures/mountings: 

a. Flush wall or panel mounting in dry areas. 

b. NEMA 4X panel mounting in wet areas. 

c. Surface mounting in dry areas. 

d. NEMA 4X surface mounting in wet areas. 

e. NEMA 4X, hazardous location surface mounting in wet and hazardous 

areas. 

1) Fixed volume:  97 dB at 10 FT. 

C. Alarm Lights Type:  Edwards 104ST series, 93 series and 97EX series. 

1. Panel mounted: 

a. Strobe type. 

b. Shatter resistant polycarbonate lens and base. 

c. Lens color as indicated on Drawings. 

d. NEMA 4X enclosure. 

e. PLC compatible. 

f. Voltage:  120 Vac. 

2. Wall mounted: 

a. Heavy-duty strobe type. 

b. Weatherproof shatter resistant polycarbonate lens and cast base. 

c. Optically designed fresnel lens with color as indicated on Drawings. 

d. Immune to shock and vibration, no moving parts. 

e. Xenon flash tube providing a minimum of 65 single flashes per minute. 

f. Mounting:  Wall or corner wall brackets. 

  



WHCRWA  

CENTRAL PUMP STATION CONTROL EQUIPMENT ACCESSORIES 

 
 

WHCRWA CENTRAL PUMP STATION 
CONTROL EQUIPMENT ACCESSORIES 

26 09 16 - 9 OF 14 

3. Hazardous and corrosive locations: 

a. Heavy-duty strobe type. 

b. Weatherproof and rated for the indicated hazardous location. 

c. Body:  Zinc plated cast iron or cast copper free aluminum and/or coated 

with 20 mils of PVC. 

d. High impact glass dome with guard. 

e. Shatter resistant polycarbonate lens with color as indicated on Drawings. 

f. Immune to shock and vibration, no moving parts. 

g. Xenon flash tube providing a minimum of 65 single flashes per minute. 

h. Mounting:  Wall bracket or pendant. 

2.6 MISCELLANEOUS DEVICES 

A. Run Time Meters: 

1. Six-digit wheels including a 1/10 digit. 

2. Non-reset type. 

3. Time range in hours. 

4. Automatic recycle at zero. 

5. Accuracy:  1 percent. 

6. Sealed against dirt and moisture. 

7. Tamperproof. 

B. DeviceNet Interface Module: 

1. Connects discrete input and output devices to a DeviceNet network. 

2. Inputs: 

a. Quantity:  4. 

b. Ratings:  120 Vac. 

c. Automatic reset of faulted input. 

3. Outputs: 

a. Quantity:  2. 

b. Ratings:  Relay, 240 Vac, 5 A. 

4. Communications: 

a. ODVA Certified. 

b. Autobaud detection. 

c. Faulted node recovery. 

d. Change-of-state messaging. 

e. Individual LED status indicatin for both inputs and outputs. 
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5. Manufacturer:  Allen-Bradley Bulletin 100 DeviceNet System Accessory 

(DSA). 

2.7 TERMINATION EQUIPMENT 

A. General Requirements: 

1. Modular type with screw compression clamp. 

2. Screws:  Stainless steel. 

3. Current bar:  Nickel-plated copper alloy. 

4. Thermoplastic insulation rated for -40 to +90 DegC. 

5. Wire insertion area:  Funnel-shaped to guide all conductor strands into 

terminal. 

6. End sections and end stops at each end of terminal strip. 

7. Machine-printed terminal markers on both sides of block. 

8. Spacing:  6 mm. 

9. Wire size:  22-12 AWG. 

10. Rated voltage:  600 V. 

11. DIN rail mounting. 

B. Standard-type block: 

1. Rated current:  30 A. 

2. Color:  Gray body. 

C. Bladed-type disconnect block: 

1. Terminal block with knife blade disconnect which connects or isolated the two 

sides of the block. 

2. Rated current:  10 A. 

3. Color: 

a. Panel control voltage leaves enclosure - normal:  Gray body, orange 

switch. 

b. Foreign voltage entering enclosure:  Orange body, orange switch. 

D. Grounded-type block: 

1. Electrically grounded to mounting rail. 

2. Terminal ground wires and analog cable shields. 

3. Color:  Green and yellow body. 
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E. Fuse Holders: 

1. Blocks can be ganged for multi-pole operation. 

2. Spacing:  9.1 mm. 

3. Wire size:  30-12 AWG. 

4. Rated voltage:  300 V. 

5. Rated current:  12 A. 

6. Fuse size:  1/4 x 1-1/4. 

7. Blown fuse indication. 

8. DIN rail mounting. 

2.8 ENCLOSURES 

A. Control Panels: 

1. NEMA 4 rated: 

a. Seams continuously welded and ground smooth. 

b. No knockouts. 

c. External mounting flanges. 

d. Hinged or non-hinged cover held closed with stainless steel screws and 

clamps, 3-point latch system. 

e. Continuous (piano) hinge on boxes with terminal blocks. 

f. Cover with oil resistant gasket. 

2. NEMA 4X rated: 

a. Body and cover:  14 GA Type 304 or 316 stainless steel, as indicated on 

plans. 

b. Seams continuously welded and ground smooth. 

c. No knockouts. 

d. External mounting flanges. 

e. Hinged door and stainless steel screws and clamps. 

f. Door with oil-resistant gasket. 

3. NEMA 12 enclosure: 

a. Body and cover:  14 GA steel finished with rust inhibiting primer and 

manufacturers standard paint inside and out. 

b. No knockouts. 

c. External mounting flanges. 
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d. Non-hinged stainless steel cover held closed with captivated cover 

screws threaded into sealed wells or hinged cover held closed with 

stainless steel screws and clamps. 

e. Flat door with oil resistant gasket. 

4. Control panel miscellaneous accessories: 

a. Backplane mounting panels:  Steel with white enamel finish or Type 304 

stainless steel. 

b. Interiors shall be white or light gray in color. 

c. Wire management duct: 

1) Bodies:  PVC with side holes. 

2) Cover:  PVC snap-on. 

3) Size as required. 

d. Rigid handles for covers larger than 9 SF or heavier than 25 LBS. 

e. Split covers when heavier than 25 LBS. 

f. Floor stand kits made of same material as the enclosure. 

g. Weldnuts for mounting optional panels and terminal kits. 

h. Ground bonding jumper from door, across hinge, to enclosure body. 

5. Standards:  NEMA 250, UL 508. 

B. Operator Control Stations: 

1. NEMA 4/13 rated: 

a. Die cast aluminum body with manufacturers standard finish. 

b. Gasketed die cast aluminum cover with manufacturers standard finish. 

c. Number of device mounting holes as required. 

2. NEMA 4X rated: 

a. Type 304 or 316 stainless steel body, as indicated on plans. 

b. Gasketed Type 304 or 316 stainless steel cover. 

c. Number of device mounting holes as required. 

2.9 MAINTENANCE MATERIALS 

A. Provide 100 percent replacement lamps for indicating lights. 

B. Provide 10 percent replacement caps for indicating lights. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install as indicated and in accordance with manufacturer's recommendations and 

instructions. 

B. Control Panels: 

1. Size as required to mount the equipment. 

2. Permitted uses of NEMA 4 enclosure: 

a. Surface mounted in areas designated as wet. 

3. Permitted uses of NEMA 4X enclosure: 

a. Surface mounted in areas designated as wet and/or corrosive or highly 

corrosive. 

4. Permitted uses of NEMA 12 enclosure: 

a. Surface mounted in areas designated as dry and/or dusty architecturally 

or non-architecturally finished areas. 

C. Operator Control Stations: 

1. Permitted uses of NEMA 4/13 enclosure: 

a. Surface mounted in areas designated as dry and/or dusty architecturally 

or non-architecturally finished areas and wet. 

2. Permitted uses of NEMA 4X enclosure: 

a. Surface mounted in areas designated as wet and/or corrosive or highly 

corrosive. 

3.2 FIELD QUALITY CONTROL 

A. See Section 26 05 00. 

END OF SECTION 
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SECTION 26 09 23

LIGHTING CONTROL DEVICES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

B. Related Sections include but are not necessarily limited to:

1. Section 10 14 00 - Identification Devices

2. Section 26 27 26 - Wiring Devices

3. Section 26 05 19 - Wire and Cable 600 volts and Below

4. Section 26 05 23 - Control-Voltage Electrical Power Cables

1.2 SUMMARY

A. Section Includes

1. Time switches

2. Photoelectric switches

3. Standalone daylight-harvesting switching and dimming controls

4. Indoor occupancy and vacancy sensors

5. Switchbox-mounted occupancy sensors

6. Digital timer light switches

7. High-bay occupancy sensors

8. Extreme temperature occupancy sensors

9. Outdoor motion sensors

10. Lighting contactors

11. Emergency shunt relays

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings:

1. Show installation details for the following:
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a. Occupancy sensors.

b. Vacancy sensors.

2. Interconnection diagrams showing field-installed wiring.

3. Include diagrams for power, signal, and control wiring.

1.4 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Reflected ceiling plan(s) and elevations, drawn to scale,

on which the following items are shown and coordinated with each other, using

input from installers of the items involved:

1. Suspended ceiling components.

2. Structural members to which equipment will be attached.

3. Items penetrating finished ceiling, including the following:

a. Luminaires.

b. Air outlets and inlets.

c. Speakers.

d. Sprinklers.

e. Access panels.

f. Control modules.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For each type of lighting control device to

include in operation and maintenance manuals.

B. Software and Firmware Operational Documentation:

1. Software operating and upgrade manuals.

2. Program Software Backup: On USB media. Provide names, versions, and

website addresses for locations of installed software.

3. Device address list.

4. Printout of software application and graphic screens.

1.6 WARRANTY

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace

lighting control devices that fail(s) in materials or workmanship within specified

warranty period.

1. Failures include, but are not limited to, the following:

a. Faulty operation of lighting control software.
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b. Faulty operation of lighting control devices.

2. Warranty Period: Two year(s) from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 TIME SWITCHES

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed on project include the following:

1. Lutron Electronics Company

2. Wattstopper

3. Crestron Electronics

B. Electronic Time Switches: Solid state, programmable, with alphanumeric display;

complying with UL 917.

1. Listed and labeled as defined in NFPA 70 and marked for intended location

and application.

2. Contact Configuration: DPST.

3. Contact Rating: 20-A ballast load, 120-/240-V ac.

4. Programs: Eight on-off set points on a 24-hour schedule and an annual

holiday schedule that overrides the weekly operation on holidays.

5. Circuitry: Allow connection of a photoelectric relay as substitute for on-off

function of a program on selected channels.

6. Astronomic Time: Selected channels.

7. Automatic daylight savings time changeover.

8. Battery Backup: Not less than seven days reserve, to maintain schedules

and time clock.

2.2 OUTDOOR PHOTOELECTRIC SWITCHES

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed on project include the following:

1. Lutron Electronics Company

2. Wattstopper

3. Crestron Electronics

B. Description: Solid state, with DPST dry contacts rated for 1800 VA inductive, to

operate connected relay, contactor coils, or microprocessor input; complying with

UL 773A, and compatible with ballasts and LED lamps.
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1. Listed and labeled as defined in NFPA 70, by a qualified testing agency,

and marked for intended location and application.

2. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on

and turn-off levels within that range, and a directional lens in front of the

photocell to prevent fixed light sources from causing turn-off.

3. Time Delay: Fifteen-second minimum, to prevent false operation.

4. Surge Protection: Metal-oxide varistor.

5. Mounting: Twist lock complies with NEMA C136.10, with base-and-stem

mounting or stem-and-swivel mounting accessories as required to direct

sensor to the north sky exposure.

6. Failure Mode: Luminaire stays ON.

C. Description: Solid state, with DPST dry contacts rated for 1800 VA inductive, to

operate connected load, complying with UL 773, and compatible with CFL and

LED lamps.

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency,

and marked for intended location and application.

2. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on

and turn-off levels within that range.

3. Time Delay: Thirty-second minimum, to prevent false operation.

4. Lightning Arrester: Air-gap type.

5. Mounting: Twist lock complying with NEMA C136.10, with base.

6. Failure Mode: Luminaire stays ON.

2.3 DAYLIGHT-HARVESTING DIMMING CONTROLS

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed on project include the following:

1. Lutron Electronics Company

2. Wattstopper

3. Crestron Electronics

B. System Description: Sensing daylight and electrical lighting levels, the system

adjusts the indoor electrical lighting levels. As daylight increases, the lights are

dimmed.

1. Lighting control set point is based on two lighting conditions:

a. When no daylight is present (target level).

b. When significant daylight is present.

2. System programming is done with two hand-held, remote-control tools.
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a. Initial setup tool.

b. Tool for occupants to adjust the target levels by increasing the set

point up to 25 percent, or by minimizing the electric lighting level.

C. Ceiling-Mounted Dimming Controls: Solid-state, light-level sensor unit, with

separate power pack, to detect changes in indoor lighting levels that are

perceived by the eye.

D. Electrical Components, Devices, and Accessories:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency,

and marked for intended location and application.

2. Sensor Output: 0- to 10-V dc to operate luminaires. Sensor is powered by

controller unit.

3. Light-Level Sensor Set-Point Adjustment Range: 20 to 60 fc.

E. Power Pack: Digital controller capable of accepting 4 RJ45 inputs with two

outputs rated for 20-A incandescent or LED load at 120- and 277-V ac, for 16-A

ballast load or LED at 120- and 277-V ac, and for 1 hp at 120-V ac. Sensor has

24-V dc Class 2 power source, as defined by NFPA 70.

1. With integral current monitoring

a. Compatible with digital addressable lighting interface.

1) Plenum rated.

2.4 INDOOR OCCUPANCYAND VACANCY SENSORS

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed on project include the following:

1. Lutron Electronics Company

2. Wattstopper

3. Crestron Electronics

B. General Requirements for Sensors:

1. Wall or Ceiling-mounted, solid-state indoor occupancy and vacancy

sensors.

2. Dual technology.

3. Separate power pack.

4. Hardwired or Wireless connection to switch; and BAS and lighting control

system.
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5. Listed and labeled as defined in NFPA 70, by a qualified testing agency,

and marked for intended location and application.

6. Operation:

a. Occupancy Sensor: Unless otherwise indicated, turn lights on when

coverage area is occupied, and turn them off when unoccupied; with

a time-delay for turning lights off, adjustable over a minimum range of

1 to 15 minutes.

b. Vacancy Sensor: Unless otherwise indicated, lights are manually

turned on and sensor turns lights off when the room is unoccupied;

with a time-delay for turning lights off, adjustable over a minimum

range of 1 to 15 minutes.

7. Sensor Output: Sensor is powered from the power pack or Wireless.

8. Power: Line voltage.

9. Power Pack: Dry contacts rated for 20-A ballast or LED load at 120- and

277-V ac, for 13-A tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor

has 24-V dc, 150-mA, Class 2 power source, as defined by NFPA 70.

10. Mounting:

a. Sensor: Suitable for mounting in any position on a standard outlet box.

b. Relay: Externally mounted through a 1/2-inch knockout in a standard

electrical enclosure.

c. Time-Delay and Sensitivity Adjustments: Recessed and concealed

behind hinged door.

11. Indicator: Digital display, to show when motion is detected during testing

and normal operation of sensor.

12. Bypass Switch: Override the "on" function in case of sensor failure.

13. Automatic Light-Level Sensor: Adjustable from 2 to 200 fc; turn lights off

when selected lighting level is present.

C. PIR Type: Wall or Ceiling mounted; detect occupants in coverage area by their

heat and movement.

1. Detector Sensitivity: Detect occurrences of 6-inch- minimum movement of

any portion of a human body that presents a target of not less than 36 sq.

in.

2. Detection Coverage (Room, Ceiling Mounted): Detect occupancy anywhere

in a circular area of 1000 sq. ft.  when mounted on a 96-inch- high ceiling.

3. Detection Coverage (Corridor, Ceiling Mounted): Detect occupancy within

90 feet when mounted on a 10-foot- high ceiling.
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4. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere

within a 180-degree pattern centered on the sensor over an area of 2000

square feet when mounted 48 inches above finished floor.

D. Ultrasonic Type: Wall or Ceiling mounted; detect occupants in coverage area

through pattern changes of reflected ultrasonic energy.

1. Detector Sensitivity: Detect a person of average size and weight moving not

less than 12 inches in either a horizontal or a vertical manner at an

approximate speed of 12 inches/s.

2. Detection Coverage (Small Room): Detect occupancy anywhere within a

circular area of 600 sq. ft.  when mounted on a 96-inch- high ceiling.

3. Detection Coverage (Standard Room): Detect occupancy anywhere within

a circular area of 1000 sq. ft.  when mounted on a 96-inch- high ceiling.

4. Detection Coverage (Large Room): Detect occupancy anywhere within a

circular area of 2000 sq. ft.  when mounted on a 96-inch- high ceiling.

5. Detection Coverage (Corridor): Detect occupancy anywhere within 90 feet

when mounted on a 10-foot- high ceiling in a corridor not wider than 14 feet.

6. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere

within a 180-degree pattern centered on the sensor over an area of 2000

square feet when mounted 84 inches above finished floor.

E. Dual-Technology Type: Wall or Ceiling mounted; detect occupants in coverage

area using PIR and ultrasonic detection methods. The particular technology or

combination of technologies that control on-off functions is selectable in the field

by operating controls on unit.

1. Sensitivity Adjustment: Separate for each sensing technology.

2. Detector Sensitivity: Detect occurrences of 6-inch- minimum movement of

any portion of a human body that presents a target of not less than 36 sq.

in., and detect a person of average size and weight moving not less than 12

inches in either a horizontal or a vertical manner at an approximate speed

of 12 inches/s.

3. Detection Coverage (Standard Room): Detect occupancy anywhere within

a circular area of 1000 sq. ft.  when mounted on a 96-inch- high ceiling.

4. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere

within a 180-degree pattern centered on the sensor over an area of 2000

square feet when mounted48 inches above finished floor.
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2.5 SWITCHBOX-MOUNTED OCCUPANCY SENSORS

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed on project include the following:

1. Lutron Electronics Company

2. Wattstopper

3. Crestron Electronics

B. General Requirements for Sensors: Automatic-wall-switch occupancy sensor

with manual on-off switch, suitable for mounting in a single gang switchbox, with

provisions for connection to BAS using hardwired connection or using wireless

connection.

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency,

and marked for intended location and application.

2. Occupancy Sensor Operation: Unless otherwise indicated, turn lights on

when coverage area is occupied, and turn lights off when unoccupied; with

a time-delay for turning lights off, adjustable over a minimum range of 1 to

15 minutes.

3. Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F.

4. Switch Rating: Not less than 800-VA ballast] or LED load at 120 V, 1200-

VA ballast or LED load at 277 V, and 800-W incandescent.

C. Wall-Switch Sensor Tag WS1:

1. Standard Range: 180-degree field of view, field adjustable from 180 to 40

degrees; with a minimum coverage area of 2100 sq. ft.

2. Sensing Technology: Dual technology - PIR and ultrasonic.

3. Switch Type: SP, field-selectable automatic "on," or manual "on," automatic

"off."

4. Capable of controlling load in three-way application.

5. Voltage: Match the circuit voltage.

6. Ambient-Light Override: Concealed, field-adjustable, light-level sensor from

10 to 150 fc. The switch prevents the lights from turning on when the light

level is higher than the set point of the sensor.

7. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes.

8. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage

patterns of the space and helps eliminate false "off" switching.

9. Color: White.

10. Faceplate: Color matched to switch.
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D. Wall-Switch Sensor Tag WS2:

1. Standard Range: 210-degree field of view, with a minimum coverage area

of 900 sq. ft.

2. Sensing Technology: PIR.

3. Switch Type: SP, field-selectable automatic "on," or manual "on," automatic

"off."

4. Capable of controlling load in three-way application.

5. Voltage: Match the circuit voltage.

6. Ambient-Light Override: Concealed, field-adjustable, light-level sensor from

10 to 150 fc. The switch prevents the lights from turning on when the light

level is higher than the set point of the sensor.

7. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes.

8. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage

patterns of the space and helps eliminate false "off" switching.

9. Color: White.

10. Faceplate: Color matched to switch.

2.6 DIGITAL TIMER LIGHT SWITCH

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed on project include the following:

1. Lutron Electronics Company

2. Wattstopper

3. Crestron Electronics

B. Description: Combination digital timer and conventional switch lighting control

unit. Switchbox-mounted, backlit LCD display, with selectable time interval in 10

minute increments.

1. Rated 960 W at 120-V ac for tungsten lighting, 10 A at 120-V ac or 10 amps

at 277-V ac for ballast or LED, and 1/4 horsepower at 120-V ac.

2. Integral relay for connection to BAS.

3. Voltage: Match the circuit voltage.

4. Color: White.

5. Faceplate: Color matched to switch.

2.7 LIGHTING CONTACTORS

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed on project include the following:
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1. Allen-Bradley/Rockwell Automation

2. ASCO

3. Eaton

B. Description: Electrically operated and mechanically held, combination-type

lighting contactors with fusible switch, complying with NEMA ICS 2 and UL 508.

1. Current Rating for Switching: Listing or rating consistent with type of load

served, including tungsten filament, inductive, and high-inrush ballast

(ballast with 15 percent or less THD of normal load current).

2. Fault Current Withstand Rating: Equal to or exceeding the available fault

current at the point of installation.

3. Enclosure: Comply with NEMA 250.

4. Provide with control and pilot devices as scheduled, matching the NEMA

type specified for the enclosure.

2.8 EMERGENCY SHUNT RELAY

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed on project include the following:

1. WattStopper

B. Description: NC, electrically held relay, arranged for wiring in parallel with manual

or automatic switching contacts; complying with UL 924.

1. Coil Rating: 277 V.

2.9 CONDUCTORS AND CABLES

A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than

No. 12 AWG. Comply with requirements in Section 26 05 19 "Wire and Cable 600

volts and Below”.

B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper

conductors not smaller than No.18 AWG. Comply with requirements in Section

26 05 23 " Control-Voltage Electrical Power Cables”.

C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not

smaller than No. 14 AWG. Comply with requirements in Section 26 05 23

"Control-Voltage Electrical Power Cables”.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine lighting control devices before installation. Reject lighting control

devices that are wet, moisture damaged, or mold damaged.

B. Examine walls and ceilings for suitable conditions where lighting control devices

will be installed.

C. Proceed with installation only after unsatisfactory conditions have been

corrected.

3.2 SENSOR INSTALLATION

A. Comply with NECA 1.

B. Coordinate layout and installation of ceiling-mounted devices with other

construction that penetrates ceilings or is supported by them, including light

fixtures, HVAC equipment, smoke detectors, fire-suppression systems, and

partition assemblies.

C. Install and aim sensors in locations to achieve not less than 90-percent coverage

of areas indicated. Do not exceed coverage limits specified in manufacturer's

written instructions.

3.3 CONTACTOR INSTALLATION

A. Comply with NECA 1.

B. Mount electrically held lighting contactors with elastomeric isolator pads to

eliminate structure-borne vibration unless contactors are installed in an enclosure

with factory-installed vibration isolators.

3.4 WIRING INSTALLATION

A. Comply with NECA 1.

B. Wiring Method: Comply with Section 26 05 19 "Wire and Cable 600 volts and

Below”.  Minimum conduit size is 3/4 inch.
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C. Wiring within Enclosures: Comply with NECA 1. Separate power-limited and

nonpower-limited conductors according to conductor manufacturer's written

instructions.

D. Size conductors according to lighting control device manufacturer's written

instructions unless otherwise indicated.

E. Splices, Taps, and Terminations: Make connections only on numbered terminal

strips in junction, pull, and outlet boxes; terminal cabinets; and equipment

enclosures.

3.5 IDENTIFICATION

A. Identify components and power and control wiring according to Section 10 14 00

"Identification Devices”.

1. Identify controlled circuits in lighting contactors.

2. Identify circuits or luminaires controlled by photoelectric and occupancy

sensors at each sensor.

B. Label time switches and contactors with a unique designation.

3.6 FIELD QUALITY CONTROL

A. Manufacturer's Field Service: Engage a factory-authorized service representative

to test and inspect components, assemblies, and equipment installations,

including connections.

3.7 ADJUSTING

A. Occupancy Adjustments: When requested within 12 months from date of

Substantial Completion, provide on-site assistance in adjusting lighting control

devices to suit actual occupied conditions. Provide up to two visits to Project

during other-than-normal occupancy hours for this purpose.

1. For occupancy and motion sensors, verify operation at outer limits of

detector range. Set time delay to suit Owner's operations.

2. For daylighting controls, adjust set points and deadband controls to suit

Owner's operations.

3. Align high-bay occupancy sensors using manufacturer's laser aiming tool.
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3.8 SOFTWARE SERVICE AGREEMENT

A. Technical Support: Beginning at Substantial Completion, service agreement shall

include software support for two years.

B. Upgrade Service: At Substantial Completion, update software to latest version.

Install and program software upgrades that become available within two years

from date of Substantial Completion. Upgrading software shall include operating

system and new or revised licenses for using software.

1. Upgrade Notice: At least 30 days to allow Owner to schedule and access

the system and to upgrade computer equipment if necessary.

3.9 DEMONSTRATION

A. Coordinate demonstration of products specified in this Section with

demonstration requirements in Section 26 05 00 “Common Work Results for

Electrical”.

B. Engage a factory-authorized service representative to train Owner's maintenance

personnel to adjust, operate, and maintain lighting control devices.

END OF SECTION



WHCRWA
LIGHTING CONTROL DEVICES CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
LIGHTING CONTROL DEVICES

26 09 23 - 14 OF 14

THIS PAGE INTENTIONALLY LEFT BLANK



WHCRWA  

CENTRAL PUMP STATION CENTRAL DIMMING CONTROLS 

 

 

WHCRWA CENTRAL PUMP STATION 
CENTRAL DIMMING CONTROLS 

26 09 33 - 1 OF 14 

SECTION 26 09 33 

CENTRAL DIMMING CONTROLS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

1.2 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 

Section. 

B. Related Sections include but are not necessarily limited to: 

1. Section 10 14 00 - Identification Devices 

2. Section 26 09 23 - Lighting Control Devices  

3. Section 26 05 19 - Wire and Cable 600 volts and Below 

4. Section 26 05 23 - Control-Voltage Electrical Power Cables 

5. Section 26 27 26 - Wiring Devices 

1.3 SUMMARY 

A. Section includes microprocessor-based central dimming controls with the 

following components: 

1. Digital control network. 

2. Master-control stations. 

3. Partitioned-space master-control stations. 

4. Wall stations. 

5. Dimmer cabinets. 

6. Manual switches and plates for controlling dimmers. 

1.4 DEFINITIONS 

A. BAS: Building automation system. 

B. Fade Override: The ability to temporarily set fade times to zero for all lighting 

scenes. 
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C. Fade Rate: The time it takes each zone to arrive at the next scene, dependent 

on the degree of change in lighting level. 

D. Fade Time: The time it takes all zones to fade from one lighting scene to another, 

with all zones arriving at the next scene at the same time. 

E. Low Voltage: As defined in NFPA 70, term for circuits and equipment operating 

at less than 50 V or for remote-control, signaling, and power-limited circuits. 

F. Scene: The lighting effect created by adjusting several zones of lighting to the 

desired intensity. 

G. SCR: Silicon-controlled rectifier. 

H. Zone: A luminaire or group of luminaires controlled simultaneously as a single 

entity. Also known as a "channel." 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. For central dimming controls; include elevation, features, characteristics, 

and labels. 

2. For dimmer panels; include dimensions, features, dimmer characteristics, 

ratings, and directories. 

3. Device plates, plate color, and material. 

4. Ballasts and lamp combinations compatible with dimmer controls. 

5. Sound data including results of operational tests of central dimming 

controls. 

6. Operational documentation for software and firmware. 

B. Shop Drawings: Detail assemblies of standard components, custom assembled 

for specific application on Project. Indicate dimensions, weights, arrangement of 

components, and clearance and access requirements. 

1. Include elevation views of front panels of control and indicating devices and 

control stations. 

2. Include diagrams for power, signal, and control wiring. 

3. Address Drawing: Reflected ceiling plan and floor plans, showing 

connected luminaires, address for each luminaire, and luminaire groups. 

Base plans on construction plans, using the same legend, symbols, and 

schedules. 
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4. Point List and Data Bus Load: Summary list of all control devices, sensors, 

ballasts, and other loads. Include percentage of rated connected load and 

device addresses. 

5. Wire Termination Diagrams and Schedules: Coordinate nomenclature and 

presentation with Drawings and block diagram. Differentiate between 

manufacturer-installed and field-installed wiring. 

6. Block Diagram: Show interconnections between components specified in 

this Section and devices furnished with power distribution system 

components. Indicate data communication paths and identify networks, 

data buses, data gateways, concentrators, and other devices used. 

Describe characteristics of network and other data communication lines. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For central dimming controls with remote-

mounting dimmers to include in emergency, operation, and maintenance 

manuals. 

1. In addition to items specified in Section 01 78 23 "Operation and 

Maintenance Data”, include the following: 

a. Software manuals. 

b. Program Software Backup: Username and password for 

manufacturer's support website. 

c. Device address list. 

d. Printout of software application and graphic screens. 

e. Adjustments of scene preset controls, adjustable fade rates, and fade 

overrides. 

f. Operation of adjustable zone controls. 

g. Testing and adjusting of panic and emergency power features. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials, before installation begins, that match products installed 

and that are packaged with protective covering for storage and identified with 

labels describing contents. 

1. Dimmers: Full-size units equal to 10 percent of amount installed for each 

size indicated, but no fewer than 5 units. 

2. Fuses: Equal to 10 percent of amount installed for each size installed, but 

no fewer than three. 
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1.8 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of 

central dimming controls that fail in materials or workmanship within specified 

warranty period. 

1. Failures include, but are not limited to, the following: 

a. Damage from transient voltage surges. 

b. Software: Failure of input and output to execute switching or dimming 

commands. 

c. Failure of modular relays to operate under manual or software 

commands. 

2. Warranty Period: Cost to repair or replace any parts for two years from date 

of Substantial Completion. 

3. Extended Warranty Period: Cost of replacement parts (materials only, f.o.b. 

the nearest shipping point to Project site), for eight years, that failed in 

service due to transient voltage surges. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be installed on project include the following: 

1. Lutron Electronics Company 

2. Wattstopper 

3. Crestron Electronics 

2.2 SYSTEM DESCRIPTION 

A. Compatibility: 

1. Dimming control components shall be compatible with luminaires, ballasts, 

and transformers. 

2. Dimming control devices shall be compatible with lighting control system 

components specified in Section 26 09 23 "Lighting Control Devices”. 

B. Line-Voltage Surge Suppression: Factory installed as an integral part of 120- and 

277-V ac, solid-state dimmers and control panels. 

C. Dimmers and Dimmer Modules: Comply with UL 508. 



WHCRWA  

CENTRAL PUMP STATION CENTRAL DIMMING CONTROLS 

 

 

WHCRWA CENTRAL PUMP STATION 
CENTRAL DIMMING CONTROLS 

26 09 33 - 5 OF 14 

1. Audible Noise and Radio-Frequency Interference Suppression: Solid-state 

dimmers shall operate smoothly over their operating ranges without audible 

lamp or dimmer noise or radio-frequency interference. Modules shall 

include integral or external filters to suppress audible noise and radio-

frequency interference. 

2. Dimmer or Dimmer-Module Rating: Not less than 125 percent of connected 

load unless otherwise indicated. 

2.3 DIMMING CONTROLS 

A. Description: Microprocessor-based, solid-state controls consisting of master-

control station(s), wall stations, and dimmer panels; and a separately mounted 

dimmer cabinet. 

1. Operation: Change variable dimmer settings of indicated number of zones 

simultaneously from one preset scene to another when a software preset is 

operated or enabled. 

2. Each zone shall be configurable to control the following light sources: 

a. Fluorescent lamps with electronic ballasts. 

b. LED lamps. 

c. Incandescent lamps. 

d. Cold cathode lamps. 

e. Non-dimmed loads. 

3. Control of each zone shall interface with controls for the following accessory 

functions: 

a. Curtains and drapes. 

b. Blackout curtains. 

c. Projector screens. 

d. Motorized partitions. 

e. Manually positioned partitions. 

4. Memory: Retain preset scenes and fade settings through power failures for 

at least 90 days by retaining physical settings of controls or by an on-board, 

automatically recharged battery. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined 

in NFPA 70, by a qualified testing agency, and marked for intended location and 

application. 

C. Comply with 47 CFR 15, Subparts A and B, for Class A digital devices. 
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2.4 TOUCHSCREEN CONTROLS 

A. Description: Backlit, color, LCD, touchscreen with 640 by 480 SVGA resolution 

with 16-bit color graphics. Capable of displaying high resolution media and text. 

B. Master-Control Station Screen Size: 5.7 inches. 

C. Partitioned-Space Master-Control Station Screen Size: 5.7 inches. 

D. Wall-Station Screen Size: 5.7 inches. 

E. Control Option: Software-defined controls for on-screen menu navigation. 

F. Device Plates: Style, material, and color shall comply with Section 26 27 26 

"Wiring Devices”.  Master-control cover plate shall be one piece. 

G. Powerpack: 12-V dc. 

H. Communications: Ethernet. 

2.5 KEYPAD CONTROLS 

A. Description: Field configurable, backlit keypad with customized, engraved 

buttons capable of controlling preset lighting scenes. 

B. Mounting: Single, flush wall box. 

C. Device Plates: Style, material, and color shall comply with Section 26 27 26 

"Wiring Devices”. 

2.6 CONTROL NETWORK 

A. Dimmers shall receive signals from control stations that are linked to dimmer 

cabinet with a common network data cable. 

B. Functions of network control stations shall be set up at master station that include 

the number and arrangement of scene presets, zones, and fade times at wall 

stations. 

1. Control Voltage: 24- or 10-V dc. 

2. Comply with ESTA E1.11/USITT DMX 512-A for data transmission. 

3. Communications: Ethernet. 
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2.7 MASTER-CONTROL STATIONS 

A. Functions and Features: 

1. Control adjustment of the lighting level for each scene of each zone, and 

adjustment of fade-time setting for each scene change from one preset 

scene to another. Controls shall use touchscreen controls. 

2. Master channel shall raise and lower lighting level of all zones. 

3. Fade rate for each scene shall be adjustable from zero to 60 seconds. 

4. Fade override control for each scene. 

5. Recall each preset scene and allow adjustment of zone controls associated 

with that scene. 

6. Lockout switch to prevent changes when set. 

7. On and off scene controls for non-dim channel contactors. 

8. Emergency-control push button to bypass all controls, turning all dimmers 

to full bright and turning on non-dim channel contactors. 

9. Master on and off switch; off position enables housekeeping controls. 

10. Housekeeping controls to turn on selected luminaires for housekeeping 

functions. 

11. Controls for accessory functions. 

12. Enable and disable wall stations. 

13. Communications link to other master stations. 

14. Provide interface to program the master station. 

15. Rear-illuminate all permanent controls. 

16. Indicate lighting-level setting and fade-rate setting graphically. 

17. Native communication with building audiovisual system. 

18. BAS interface. 

B. Mounting: Single, flush wall box. 

C. Device Plates: Style, material, and color shall comply with Section 26 27 26 

"Wiring Devices”. 

2.8 PARTITIONED-SPACE MASTER-CONTROL STATION 

A. Functions and Features: 

1. Preconfigured lighting controller with manual and software setup. 

2. Automatically combine and separate lighting and accessory function 

controls as spaces are configured with movable partitions; with controls for 

adjustment of the lighting level for each scene of each dimmer, and 
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adjustment of fade-rate setting for each scene change from one preset 

scene to another. 

3. Master controls shall accommodate partitioning the space into two adjacent 

rooms. 

4. Manual controls to set up six scenes for each room. Include wall stations in 

each room to control scenes. 

5. Master channel to raise and lower the lighting level of all zones. 

6. Adjustable fade rate for each scene from zero to 60 seconds. 

7. Fade override control for each scene. 

8. On and off scene controls for non-dim channel contactors. 

9. Emergency-control push button to bypass all controls, turning all dimmers 

to full bright and turning on non-dim channel contactors. 

10. Master on and off switch; off position enables housekeeping controls. 

11. Housekeeping controls to turn on selected luminaires for housekeeping 

functions. 

12. Controls for accessory functions. 

13. Provide interface to program the master station. 

14. Rear-illuminate all permanent controls. 

15. Indicate lighting-level setting and fade-rate setting graphically. 

16. Native communication with building audiovisual system. 

17. BAS interface. 

B. Custom Graphics. Include a graphical display of room configurations and the 

names for each. Indicate the current spaces configuration with LCD graphic or 

LED-illuminated indicators and show which wall stations are active. Inactive wall 

stations shall be automatically deactivated. 

C. Mounting: Single, flush wall box. 

D. Device Plates: Style, material, and color shall comply with Section 26 27 26 

"Wiring Devices”. 

2.9 WALL STATIONS 

A. Functions and Features: 

1. Wall stations shall function as a submaster to a master station, containing 

limited control of selected scenes of the master station. 

2. Numbered push buttons to select scenes. 

3. Operating the off switch at any remote station shall automatically turn on 

selected scenes of lighting. 
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4. On switch turns select scenes of master station to full bright. 

5. Push-button controls for accessory functions. 

B. Mounting: Flush, wall box. 

C. Device Plates: Style, material, and color shall comply with Section 26 27 26 

"Wiring Devices”. 

D. Hand-Held Cordless Control: Scene-select and accessory function push buttons 

using infrared transmission. 

2.10 DIMMER CABINETS 

A. Factory wired, with barriers to accommodate 120- and 277-V feeders and suitable 

to control designated lighting equipment or accessory functions. 

B. Ambient Conditions: 

1. Temperature: 60 to 95 deg F. 

2. Relative Humidity: 10 to 90 percent, noncondensing. 

3. Filtered air supply. 

C. Dimmer Cabinet Assembly: Listed and labeled by an NRTL for intended use. 

D. Cabinet Type: Plug in, modular, and accepting dimmers of each specified type in 

any plug-in position. 

1. Integrated Fault-Current Rating: 10,000-A rms symmetrical. 

E. Lighting Dimmers: Solid-state SCR dimmers. 

1. Primary Protection: Magnetic or thermal-magnetic circuit breaker, also 

serving as the disconnecting means. 

2. Dimmer response to control signal shall follow the "Square Law Dimming 

Curve" specified in IES's "IES Lighting Handbook." 

3. Dimming Range: Zero to 100 percent, full output voltage not less than 98 

percent of line voltage. 

4. Dimmed circuits shall be filtered to provide a minimum 350-microsecond 

current-rise time at a 90-degree conduction angle and 50 percent of rated 

dimmer capacity. Rate of current rise shall not exceed 30 

mA/microseconds, measured from 10 to 90 percent of load-current 

waveform. 

5. Protect controls of each dimmer with a fuse and surge protective device. 
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F. Non-dim modules shall include relays with contacts rated to switch 20-A 

tungsten-filament load at 120-V ac and 20-A electronic ballast load at 277-V ac. 

G. Accessory function control modules shall be compatible with requirement of the 

accessory being controlled. 

H. Digital Control Network: 

1. Dimmers shall receive digital signals from digital network control stations 

that are linked to the dimmer cabinet with a common network data cable. 

2. Functions of digital network control stations shall be set up at the dimmer 

cabinet's electronic controls that include indicated number and arrangement 

of scene presets, channels, and fade times. 

I. Emergency Power Transfer Switch: Comply with UL 1008; factory prewired and 

pretested to automatically transfer load circuits from normal to emergency power 

supply when normal supply fails. 

1. Transfer from normal to emergency supply when normal-supply voltage 

drops to 55 percent or less. 

2. Retransfer immediately to normal on failure of emergency supply and after 

an adjustable time-delay of 10 to 90 seconds on restoration of normal 

supply while emergency supply is available. 

3. Integrated Fault-Current Rating: Same value as listed for the panel. 

4. Test Switch: Simulate failure of normal supply to test controls associated 

with transfer scheme. 

2.11 REMOTE PROGRAMMING 

A. Description: Web-browser-based interface to program master station and 

associated wall stations and all interconnected master stations. 

B. Software shall be configured and customized by master-station manufacturer. 

Software shall be updated to latest release available at time of installation. 

C. Interface shall be protected by unique username and password combination with 

authentication scheme complying with Owner's network security requirements. 

2.12 MANUAL SWITCHES AND PLATES 

A. Switches: Modular, momentary push-button, low-voltage type. 
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1. Color: White unless otherwise indicated; red when associated with 

emergency circuits. 

2. Integral Pilot Light: Indicate when circuit is on. Use where indicated. 

3. Locator Light: Internal illumination. 

4. Wall Plates: Comply with requirements in Section 26 27 26 "Wiring 

Devices" for materials, finish, and color. Use multi-gang plates if more than 

one switch is indicated at a location. 

5. Legend: Engraved or permanently silk-screened on wall plate where 

indicated. Use designations indicated on Drawings. 

2.13 CONDUCTORS AND CABLES 

A. Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 

AWG. Comply with requirements in Section 26 05 19 “Wire and Cable 600 volts 

and Below”. 

B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper 

conductors not smaller than No. 18 AWG. Comply with requirements in 

Section 26 05 23 “Control-Voltage Electrical Power Cables”. 

C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not 

smaller than No. 14 AWG. Comply with requirements in Section 26 05 23 

“Control-Voltage Electrical Power Cables”. 

D. Twisted-Pair Data Cable: Category 6. Comply with requirements for twisted pair 

cabling in Section 26 05 23 "Control-Voltage Electrical Power Cables”. 

PART 3 - EXECUTION 

3.1 WIRING INSTALLATION 

A. Comply with NECA 1. 

B. Wiring Method: 

1. Comply with requirements in Section 26 05 19 “Wire and Cable 600 volts 

and Below”. 

2. Install balanced, twisted-pair data cable for control and signal transmission 

conductors, complying with Section 26 05 23 "Control-Voltage Electrical 

Power Cables”. 

3. Minimum conduit size shall be 3/4 inch. 
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C. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points. 

Separate power-limited and nonpower-limited conductors according to conductor 

manufacturer's written instructions. 

D. Size conductors according to lighting control device manufacturer's written 

instructions unless otherwise indicated. 

E. Splices, Taps, and Terminations: Make connections only on numbered terminal 

strips in junction, pull, and outlet boxes; terminal cabinets; and equipment 

enclosures. 

F. Install dimmer cabinets for each zone. 

3.2 IDENTIFICATION 

A. Comply with requirements in Section 10 14 00 "Identification Devices” for 

identifying components and power and control wiring. 

B. Label each dimmer module with a unique designation. 

C. Label each scene control button with approved scene description. 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative 

to test and inspect components, assemblies, and equipment installations, 

including connections. 

B. Dimming control components will be considered defective if they do not pass 

tests and inspections. 

C. Test Labeling: After satisfactory completion of tests and inspections, apply a label 

to tested components indicating test results, date, and responsible agency and 

representative. 

D. Reports: Written reports of tests and observations. Record defective materials 

and workmanship and unsatisfactory test results. Record repairs and 

adjustments. 

3.4 SOFTWARE SERVICE AGREEMENT 

A. Technical Support: Beginning at Substantial Completion, service agreement shall 

include software support for two years. 
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B. Upgrade Service: At Substantial Completion, update software to latest version. 

Install and program software upgrades that become available within two years 

from date of Substantial Completion. Upgrading software shall include operating 

system and new or revised licenses for using software. 

1. Upgrade Notice: At least 30 days to allow Owner to schedule and access 

the system and to upgrade computer equipment if necessary. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 

personnel to adjust, operate, and maintain central dimming controls. Laptop 

portable computer shall be used in training. 

B. Coordinate demonstration of products specified in this Section with 

demonstration requirements in Section 26 05 00 “Common Work Results for 

Electrical”. 

END OF SECTION 
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SECTION 26 09 36

MODULAR DIMMING CONTROLS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

B. Related Sections include but are not necessarily limited to:

1. Section 10 14 00 - Identification Devices

2. Section 26 27 26 - Wiring Devices

3. Section 26 05 19 - Wire and Cable 600 volts and Below

4. Section 26 05 23 - Control-Voltage Electrical Power Cables

1.2 SUMMARY

A. Section Includes:

1. Wall-box, multi-scene, modular dimming controls.

2. Multi-preset modular dimming controls.

1.3 DEFINITIONS

A. BAS: Building automation system.

B. Fade Rate: The time it takes each zone to arrive at the next scene, dependent

on the degree of change in lighting level.

C. Low Voltage: As defined in NFPA 70, the term for circuits and equipment

operating at less than 50 V or for remote-control, signaling, and power-limited

circuits.

D. RFI: Radio-frequency interference.

E. Scene: The lighting effect created by adjusting several zones of lighting to the

desired intensity.
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F. SCR: Silicon-controlled rectifier.

G. Zone: A luminaire or group of luminaires controlled simultaneously as a single

entity. Also known as a "channel."

1.4 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. For modular dimming controls; include elevation, dimensions, features,

characteristics, ratings, and labels.

2. Device plates and plate color and material.

3. Ballast and lamp combinations compatible with dimmers.

4. Sound data including results of operational tests of central dimming

controls.

5. Operational documentation for software and firmware.

B. Shop Drawings: Detail assemblies of standard components, custom assembled

for specific application on Project. Indicate dimensions, weights, arrangement of

components, and clearance and access requirements.

1. Include elevation views of front panels of control and indicating devices and

control stations.

2. Include diagrams for power, signal, and control wiring.

3. Address Drawing: Reflected ceiling plan and floor plans, showing

connected luminaires, address for each luminaire, and luminaire groups.

Base plans on construction plans, using the same legend, symbols, and

schedules.

4. Point List and Data Bus Load: Summary list of all control devices, sensors,

ballasts, and other loads. Include percentage of rated connected load and

device addresses.

5. Wire Termination Diagrams and Schedules: Coordinate nomenclature and

presentation with Drawings and block diagram. Differentiate between

manufacturer-installed and field-installed wiring.

6. Block Diagram: Show interconnections between components specified in

this Section and devices furnished with power distribution system

components. Indicate data communication paths and identify networks,

data buses, data gateways, concentrators, and other devices used.

Describe characteristics of network and other data communication lines.
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C. Field quality-control reports.

D. Sample Warranty: For special warranty.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For standalone multi-preset modular dimming

controls to include in emergency, operation, and maintenance manuals.

1. In addition to items specified in Section 01 78 23 "Operation and

Maintenance Data," include the following:

a. Software manuals.

b. Adjustments of scene preset controls, adjustable fade rates, and fade

overrides.

c. Operation of adjustable zone controls.

d. Testing and adjusting of panic and emergency power features.

1.6 WARRANTY

A. Special Warranty: Manufacturer agrees to repair or replace components of

standalone multi-preset modular dimming controls that fail in materials or

workmanship within specified warranty period.

1. Failures include, but are not limited to, the following:

a. Damage from transient voltage surges.

2. Warranty Period: Cost to repair or replace any parts for two years from date

of Substantial Completion.

3. Extended Warranty Period: Cost of replacement parts (materials only, f.o.b.

the nearest shipping point to Project site), for eight years, that failed in

service due to transient voltage surges.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be installed on project include the following:

1. Lutron Electronics Company

2. Crestron Electronics
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2.2 SYSTEM DESCRIPTION

A. Compatibility:

1. Dimming control components shall be compatible with luminaires, ballasts,

and transformers.

2. Dimming control devices shall be compatible with lighting control system

components specified in Section 26 09 23 "Lighting Control Devices”.

B. Dimmers and Dimmer Modules: Comply with UL 508.

1. Audible Noise and RFI Suppression: Solid-state dimmers shall operate

smoothly over their operating ranges without audible lamp or dimmer noise

or RFI. Modules shall include integral or external filters to suppress audible

noise and RFI.

2. Dimmer or Dimmer-Module Rating: Not less than 125 percent of connected

load unless otherwise indicated.

C. Capacities: Unit shall be rated for 2400 W at 240-V ac and 2000 W at 120-V ac

for up to 100 devices or zones.

D. Surge Protection: Withstand supply power surges without impairment to

performance.

1. Panels: 6000 V, 3000 A, complying with IEEE C62.41.1 and

IEEE C62.41.2.

2. Other System Devices: 6000 V, 3000 A, complying with IEEE C62.41.1 and

IEEE C62.41.2.

E. Off Control Position: User-selected off position of any control point shall

disconnect the load from line supply.

F. Electrical Components, Devices, and Accessories: Listed and labeled as defined

in NFPA 70, by a qualified testing agency, and marked for intended location and

application.

2.3 WALL-BOX MULTISCENE DIMMING CONTROLS

A. Description: Factory-fabricated equipment providing manual dimming consisting

of a wall-box-mounted master controller. Controls and dimmers shall be

integrated for mounting in multi-gang wall box under a single wall plate. Each

zone shall be adjustable to indicated number of scenes, which shall reside in the

memory of zone controller.
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B. Dimmers: Each zone shall be configurable to control the following loads:

1. LED lamps.

2. Low-voltage lamps derived with electronic transformers.

3. Non-dim, on-off switching only.

C. Memory:

1. Retain preset scenes and fade rates through momentary (up to 3-second)

power interruptions.

2. Retain preset scenes through power failures for at least seven days.

D. Device Plates: Style, material, and color shall comply with Section 26 27 26

"Wiring Devices”.  Master-control cover plate shall be one piece.

E. Master controller shall include the following:

1. Cover-mounted switches, including master off, all bright, and selectors for

each scene.

2. Cover-mounted LED indicator lights, one associated with each scene

switch, and one for the master off switch.

3. Concealed switches and indicators for specified function.

4. A raise/lower switch for each zone for temporary adjustments of the zone,

without altering scene values stored in memory.

5. Fade time indicated by digital display for current scene while fading.

6. Cover-mounted infrared receiver.

F. Infrared Transmitters: Wireless remote control for recalling each of the presets.

Operate up to 50 feet within line of sight of the master controller.

2.4 MULTIPRESET MODULAR DIMMING CONTROLS

A. Description: Factory-fabricated equipment providing manual dimming consisting

of the following:

1. Master controller.

2. Dimmer panels and indicated number of zone stations.

3. Controls and dimmers shall be integrated for mounting in a multi-gang wall

box under a single wall plate.

4. Each zone shall be adjustable to indicated number of scenes, which shall

reside in the memory of zone controller.
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B. Dimmers: Each zone shall be configurable to control the following loads:

1. Fluorescent lamps with electronic ballasts.

2. LED lamps.

3. Non-dim, on-off switching only.

4. Neon and cold-cathode lighting.

C. Dimmers: Regulate voltages to maintain a constant light level, with no visible

flicker, when the source voltage varies plus or minus 2 percent of rms voltage.

D. Memory: Retain preset scenes and fade settings through power failures by

retaining physical settings of controls.

E. Device Plates: Style, material, and color shall comply with Section 26 27 26

"Wiring Devices”.  Master-control cover plate shall be one piece.

F. Master controller shall include the following:

1. Wall-box style, single coverplate supplied by manufacturer.

2. Cover-mounted switches, including master off, all bright, and selectors for

each scene.

3. Cover-mounted LED indicator lights, one associated with each scene

switch, and one for the master off switch.

4. Concealed switches and indicators for specified function.

5. A raise/lower switch for each zone for temporary adjustments of the zone,

without altering scene values stored in memory.

6. Fade time indicated by digital display for current scene while fading.

7. Cover-mounted infrared receiver.

G. Remote-Control Stations:

1. Numbered push buttons to select scenes.

2. On switch turns all scenes of master station to full bright.

3. Control Wiring: NFPA 70, Class 2.

4. Mounting: Single flush wall box with manufacturer's standard faceplate.

H. Infrared Remote-Control Station: Same functions as for standard remote-control

station except that functions are input by a hand-held infrared transmitter.

Operate up to 50 feet within line of sight of the master controller.

I. Dimmer Panels: Modular, plug-in type, complying with UL 508.

1. Integrated Short-Circuit Rating: 10 kA at 120 V, 14 kA at 277 V.

2. Dimmers:
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a. Dimming Circuit: Two SCR dimmers, in inverse parallel configuration.

b. Dimming Curve: Modified "square law" as specified in IES's "Lighting

Handbook"; control voltage is 0- to 10-V dc.

c. Dimming Range: Zero to 100 percent, full output voltage not less than

98 percent of line voltage.

d. Voltage Regulation: Dimmer shall maintain a constant light level, with

no visible flicker, when the source voltage varies plus or minus 2

percent of rms voltage.

J. Circuit Breakers: Complying with UL 489 and classified as switch duty.

2.5 CONDUCTORS AND CABLES

A. Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12

AWG. Comply with requirements in Section 26 05 19 " Wire and Cable 600 volts

and Below”.

B. Class 2 Control Cable: Multiconductor cable with stranded-copper conductors not

smaller than No. 18 AWG. Comply with requirements in Section 26 05 23

“Control-Voltage Electrical Power Cables”.

PART 3 - EXECUTION

3.1 WIRING INSTALLATION

A. Comply with NECA 1.

B. Wiring Method: Comply with requirements in Section 26 05 19 " Wire and Cable

600 volts and Below”.  Minimum conduit size shall be 3/4 inch.

C. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points.

Separate power-limited and nonpower-limited conductors according to conductor

manufacturer's written instructions.

D. Size conductors according to lighting control device manufacturer's written

instructions unless otherwise indicated.

E. Splices, Taps, and Terminations: Make connections only on numbered terminal

strips in junction, pull, and outlet boxes; terminal cabinets; and equipment

enclosures.
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3.2 IDENTIFICATION

A. Comply with requirements for identification specified in Section 10 14 00

"Identification Devices”.

B. Label each dimmer module with a unique designation.

C. Label each scene control button with approved scene description.

3.3 FIELD QUALITY CONTROL

A. Manufacturer's Field Service: Engage a factory-authorized service representative

to test and inspect components, assemblies, and equipment installations,

including connections.

B. Dimming control components will be considered defective if they do not pass

tests and inspections.

C. Test Labeling: After satisfactory completion of tests and inspections, apply a label

to tested components indicating test results, date, and responsible agency and

representative.

D. Reports: Written reports of tests and observations. Record defective materials

and workmanship and unsatisfactory test results. Record repairs and

adjustments.

3.4 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance

personnel to adjust, operate, and maintain modular dimming controls.  Laptop

portable computer shall be used in training.

B. Coordinate demonstration of products specified in this Section with

demonstration requirements for low-voltage, programmable lighting control

system specified in Section 26 05 00 “Common Work Results for Electrical”.

END OF SECTION
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SECTION 26 10 10

MEDIUM-VOLTAGE MOTORS

PART 1 -  GENERAL

1.1 DESCRIPTION:

A. This section describes materials, testing, and installation of 4,000 volt electric
motors that are provided as part of mechanical equipment described in other
sections. When it applies, this section will be referenced in other equipment
specifications.

B. Provide 4,000 volt electric motor for variable frequency drive application with
inverter duty rated insulation, isolated bearings and other features for this
project application.

1.2 REFERENCES:

A. American Bearing Manufacturers Association (ABMA):

1. 9:  Load Rating and Fatigue Life for Ball Bearings.

2. 11:  Load Ratings and Fatigue Life for Roller Bearings.

B. Institute of Electrical and Electronics Engineers (IEEE):

1. 85:  Airborne Sound Measurements on Rotating Electric Machinery.

2. 112:  Test Procedure for Polyphase Induction Motors.

3. 115:  Test Procedure for Synchronous Machines.

C. National Electrical Manufacturers Association (NEMA):

1. 250:  Enclosures for Electrical Equipment (1000 volts maximum)

2. MG 1:  Standard for Motors and Generators.

1.3 SUBMITTALS:

A. Submit the following shop drawings in accordance with Section 01 33 00.

B. Submit shop drawings and manufacturers' product data in accordance with the
requirements of Section 26 05 00.

C. Show complete nameplate data, ratings, characteristics, mounting
arrangement, size and location of conduit entry, location and size of grounding
lug, and coatings.

D. Submit estimated efficiency and power factor at full, 3/4, and 1/2 load. Submit
locked rotor current.

E. Submit guaranteed full load efficiency and power factor.
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F. Submit complete drawings of motor connection boxes including the custom
fabrication box for  field power cable installation and connections.

G. Submit copies of certified test reports for factory tests.

H. Submit catalog information on all accessories.

I. Submit bearing information. Include calculations to verify thrust loads and life
ratings. Provide bearing temperature set points for pre-alarm and shutdown.

J. Submit certified vibration test data.

K. Provide stator winding temperature set points for pre-alarm and shutdown.

L. Submit lateral and torsional vibration calculations. For motors used on vertical
turbine pumps, calculation shall be performed considering pump and motor as a
complete unit.

1.4 CONTROLLER COORDINATION:

A. Where a motor controller other than a constant speed type is specified such as
Variable Frequency Drives, furnish reviewed shop drawings to the controller
manufacturer for coordination and sizing of the controller.

1.5 QUALITY CONTROL:

A. Comply with the requirements specified in Section 01 43 00.

B. NEMA Compliance: Unless otherwise indicated, comply with NEMA MG 1.

PART 2 - PRODUCTS

2.1 MANUFACTURER:

A. Toshiba.

B. U.S. Motors.

C. Weg Motors.

D. GE Motors.

E. TECO.

F. Baldor Electric.

2.2 MOTOR DESIGN:

A. The connected load (maximum horsepower required) of each motor shall not
exceed its nameplate horsepower rating (exclusive of service factor) under any
operating condition.
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B. Power connection box shall be fabricated steel with gaskets between the box
and housing and between the box and cover to meet NEMA Type 4, weather-
protected classification.Provide oversized motor connection box to house cable
stress cones and future capacitors.

C. Provide custom fabricated steel box to connected to the power connection box
to the  field cable. Provide box with acess panels tor cable terminails and
installation.

D.  Provide a grounding terminal in the connection box Provide oversized
connection box for medium voltage terminalsand cables. Locate the connection
box as shown on drawings.

E. Provide a separate auxiliary terminal boxes for control wire terminals located
auxiliary terminal boxes as shown on drawings.

F. Provide screens over openings.

G. Provide cast-iron frames. Do not provide aluminum frames.

H. Motors operated in a vertical position shall be designed for vertical operation
and shall have thrust bearings with a rated L-10 life of 100,000hours (min.) as
defined by AFBMA standards. In addition, motor thrust bearings shall be
capable of withstanding a momentary upthrust equal to at least 30 percent of
the rated downthrust capacity and any other transient loads imposed on the
bearings during starting or shutdown. Thrust and guide bearings shall be oil
lubricated and shall be continuously submerged in oil when the motor is not in
use. Provide a means for visual observation of the oil level for bearings while
the motor is in operation. No filtered water-cooling may be used.

I. Motors shall have Class F insulation system with Class B rise at unity service
factor. Provide copper stator windings. Do not provide aluminum windings.
Provide motors with form-wound coils and a sealed insulation system
equivalent to the General Electric "Custom Polyseal" system, Westinghouse
"Thermalastic Epoxy" system, or U.S. Motors "Everseal" system. Motor
insulation system shall be inverter duty rated.

J. Motors shall have NEMA starting Code F or G characteristics.

K. Motors shall be suitable for full-voltage starting.

L. Motors shall not  be equipped with surge capacitors. Do not provide surge
capacitor for Variable Frequency Drive applications.

M. Motors shall have three stator winding RTDs embedded in each phase, total of
nine, and one RTD for each bearing, total of two. RTDs shall be 3-wire, 100-
ohm platinum, and prewired to an auxiliary terminal box on the motor frame.
Lead wires shall be stranded copper wire with Dupont Kapton insulation.
Provide Minco or equal.

N. Motor bearing shall be inverter duty rated.
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O. Motors shall be balanced after assembly to an overall vibration amplitude of 1
mil (0.025 mm) maximum, when measured at the machine bearing housing.

P. Motors 1,800 rpm, 500 horsepower or smaller and motors 1,200 rpm, 350
horsepower or smaller shall be squirrel cage induction, with NEMA Design B
torques and starting current characteristics. Larger motors shall comply with
NEMA MG 1-20.10.

Q. Design, manufacture, and test motors in accordance with the latest edition of
NEMA MG 1. Motors shall be able to start and accelerate the design load of the
driven equipment without exceeding any of the specified design requirements.
Replace any motor failing these requirements with a motor that will meet the
specifications and requirements at no additional cost to the Owner.

R. Motors shall be suitable for variable frequency drive applications  and single
speed, full voltage, nonreversing.

2.3 MOTOR RATINGS:

A. 4,000 volts, 3 phase, 60 Hertz.

B. Service Factor: 1.15 (for weather-protected motors), 1.0 (for totally enclosed
motors).

C. Ambient Temperature 40 degrees C (104 degrees F) or higher where indicated
in motor type number.

D. Elevation: Sea level to 3,300 feet above MSL

2.4 COATING:

A. Coat per Section 09 91 10, as specified in the applicable equipment section.
Apply prime coat at the factory.

2.5 NOISE LEVELS:

A. Unless quieter type motors are specified, motors shall have no-load sound
power levels not to exceed the values specified in NEMA MG 1-9.

2.6 MOTOR TYPES:

A. Motor designations consist of type number and suffix letters. The numbers and
letters are intended to be compatible, and the motor shall meet the
requirements of both.

B. Type 1: Vertical weather-protected Type 1 (NEMA WP-1).

C. Type 2: Horizontal, open dripproof.

D. Suffix A: Motor shall be rated for continuous duty at an ambient temperature of
50 degrees C, with temperature rise as hereinbefore specified.
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E. Suffix E: Motors shall be classified as “Premium Efficient” and shall have
minimum guaranteed full load efficiencies in accordance with NEMA MG 1-
12.60. Determine the efficiency by IEEE 112 Method Busing sine wave power
for motors up to 300 horsepower and Method F for motors above 300
horsepower. Efficiency shall be listed on the nameplate in accordance with
NEMA MG 1-12.58.2.

F. Suffix H: Motor shall have a 120-volt space heater.

G. Suffix N: Provide motor with a guaranteed maximum noise level H72 dBA,
measured at 5 feet (1.5 m) from the motor surface per IEEE 85, when running
at no-load.

H. Suffix P: In addition to nameplate information required by NEMA MG 1-10.39
through 40, show on the nameplate the bearing numbers for both bearings,
efficiency, power factor at full load, and the maximum recommended kvar of
power capacitors to result in a 90 percent power factor.

I. Suffix R: Motor shall be equipped with a nonreversing ratchet.

J. Suffix V: Motor shall be inverter rated in accordance with NEMA MG 1-31 and
shall be suitable for use with apulse width modulated VFD with nonfiltered
output. Design the motor to limit temperature rise to within the specified
requirement at the specified 1.0 service factor when powered from the drive.
Provide a nameplate on the motor stating that it is rated for VFD applications.

2.7 VIBRATION MONITORS:

A. Refer to Specification Section 40 91 19 for required vibration monitoring
equipment for motors including required sensors on motor.

2.8 FACTORY TESTS:

A. Perform the following nonwitnessed tests at the factory in conformance with
NEMA MG 1-12 or MG 1-20, as applicable. Submit copies of certified test for
each motor furnished:

1. No load current and speed.

2. Locked rotor current.

3. High potential tests.

4. Winding resistance.

B. Perform the following Owner-witnessed tests at the factory for one motor of
each horsepower and no-load speed rating. Conduct tests in conformance with
NEMA MG 1-12 or MG 1-20, as applicable:

1. Full load heat run with temperature rise measured by resistance method.

2. Percent slip.

3. Efficiency at full, 3/4, and 1/2 loads.
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4. Power factor at full, 3/4, 1/2, and no load.

5. Starting torque.

6. Locked rotor current test and determination of pullout torque as calculated
from locked test.

PART 3 -  EXECUTION

3.1 STORAGE:

A. Protect motors from exposure to elements for which they are not designed.
Install and energize temporary electrical service to motors with space heaters
(Suffix H).

B. Unless protected by manufacturer's packing, upon delivery, carefully wrap each
motor in three layers of 8-mil-minimum polyethylene. Secure the wrap with
adhesive tape. For base-mounted motors, wrap the entire assembly.

C. Provide vapor phase corrosion inhibitor pad (emitter) inside the wrapping.

3.2 FIELD OPERATING TESTS:

A. Perform NETA a-c induction motor acceptance tests. exclude  optional tests.

B. Run each motor with its control as nearly as possible under operating
conditions to demonstrate correct rotation direction, alignment, wiring size,
proper protective relaying settings, speed, and satisfactory operation. Test
interlocks and control features to verify correct wiring and operation.

C. Include measured running current of each phase of motors in the maintenance
manual. Repair or replace motor or driven equipment if current exceeds motor
nameplate value.

3.3 VIBRATION TESTS:

A. Conduct a vibration test in the field after the installation has been completed.
The test shall be conducted for each motor. Vibration shall not exceed
recommended motor manufacturer’s values

B. For horizontal motors, measure axial, N-S, and E-W vibration at front and rear
bearing housing.

END OF SECTION
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SECTION 26 12 18

UNIT POWER SUBSTATION TRANSFORMERS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Unit Power Substation transformers with neutral grounding resistors.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the

Contract.

2. Division 01 - General Conditions.

3. Section 01 25 13 – Product Substitutions.

4. Section 01 33 00 – Submittals.

5. Section 01 78 23 – Operation and Maintenance Data

6. Division 26 – Electrical.

7. Section 26 05 00 - Electrical:  Basic Requirements.

8. Section 26 05 13 - Medium Voltage Cable.

9. Section 26 08 13 - Acceptance Testing.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in

associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment

for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. American National Standards Institute (ANSI).

2. FM Global (FM).

3. Institute of Electronic and Electronics Engineers, Inc. (IEEE):

a. 386, Standard for Separable Insulated Connector Systems for Power

Distribution Systems Above 600 V.
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b. C57.12.00, Standard General Requirements for Liquid-Immersed

Distribution, Power, and Regulating Transformers.

c. C57.12.10 Safety Requirements 230Kv and Below 833/958 kV Single

Phase and 750/862 through 60000/80000/100000 Kva three-phase

without Load Tap Changing and 3750/4687 through

60000/80000/100000 kVA with Load Tap Changing

d. C57.12.28 – Sections 5.3, 5.4, 5.5 – Coating System Requirements

e. C57.12.70–American National Standard Terminal Markings and

Connections for Distribution and Power Transformers.

f. C57.12.36 Standard Requirements for Liquid-Immersed Distribution

Substation Transformers

g. C57.12.80 Standard Terminology for Power and Distribution

Transformers.

h. C57.12.90, Standard Test Code for Liquid-Immersed Distribution, Power,

and Regulating Transformers

i. C57.91 – IEEE Guide for Loading Mineral-Oil-Immersed Transformers.

j. C62.11, Standard for Metal-Oxide Surge Arresters for Alternating Current

Power Circuits (>1 kV)

k. 32-1972 Standard Requirements, Terminology, and Test Procedure for

Neutral Grounding Devices.

4. National Electrical Manufacturers Association (NEMA)

a. NEMA TR 1-1993 (R2000) – Transformers, Regulators and Reactors,

Table 0-2 Audible Sound Levels.

b. NEMA 260-1996 (2004) – Safety Labels for Pad-Mounted Switchgear

and Transformers Sited in Public Areas.

c. 32-1972 Standard Requirements, Terminology, and Test Procedure for

Neutral Grounding Devices.

d. 10 CFR Part 431 – Department of Energy – Energy Conservation

Program for Commercial Equipment: Distribution Transformers Energy

Conservation Standards; Final Rule.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and

administration of the submittal process.

2. Product technical data:

a. Provide submittal data for all products specified in PART 2 of this

Specification Section.

b. See Specification Section 26 05 00 for additional requirements.
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3. Fabrication and/or layout drawings.

a. Nameplate drawing.

4. Test reports:

a. Submit schedule of Factory tests.

b. Factory tests.

B. Operation and Maintenance Manuals:

1. See Specification Section 01 33 00 and Specification Section 01 78 23 for

requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following manufacturers

are acceptable:

1. ABB.

2. Cooper Power Systems.

3. General Electric Company.

4. Square D Company.

5. Eaton Electric.

6. Siemens.

B. Submit request for substitution in accordance with Section 01 25 13 “Product

Substitutions”.

2.2 THREE-PHASE TRANSFORMERS

A. General:

1. Transformer to be designed and constructed in accordance with:

a. IEEE C57.12.00, IEEE C57.12.70, IEEE C57.12.80.

b. FM Global approved.

B. Ratings are as indicated to include:

1. Type: Outdoor, liquid-immersed, self-cooled, unit substation type.

2. Operation and application: Step-down operation.
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3. Configuration:

a. Dead-front, radial-feed primary

4. Voltage and kVA Ratings: As specified on the Drawings.

5. Number of phases: Three (3).

6. Frequency: 60 Hz.

7. Polarity: ANSI standard.

8. Percent impedance: ANSI standard.

9. Basic impulse level (BIL):

a. 34.5 kV System: 200 kV BIL

b. 4.160 kV/2.300 kV System: 75 kV BIL Secondary

10. Temperature rise: 55/65ºC with auxiliary cooling fans. The maximum (hot

spot) winding temperature shall not exceed 80ºC at rated kVA.

11. Connections:

a. Grounded Wye – Neutral Grounded Wye.

b. Primary: Provide three (3) sidewall high voltage bushings rated for full

three-phase duty with a 2-hole spade connector. Include three bushing

type current transformers (BCT) installed on each phase of primary

bushings inside the transformer tank, all wiring brought out to shorting

terminal block with shorting screws. Terminal block shall be installed in

NEMA 4X enclosure. Current transformers shall have rating of 200/5 with

ANSI accuracy class of C200. Current transformers shall conform to

ANSI/IEEE Standard C57.13. 600V class bushing type CT shall be 10 kV

BIL minimum.

c. Secondary: Provide electrical grade wet process porcelain with NEMA®

spade. The secondary voltage bushings shall be in the segment opposite

of the specified primary-voltage configuration. Provide 12-hole, spade-

type minimum. The neutral or XO connection shall be on top of tank for

resistor connections. The neutral bushing shall be fully insulated.

12. The transformer shall be furnished with full capacity high-voltage taps. The

tap-changer shall be clearly labeled to reflect that the transformer must be

de-energized before operating the tap-changer as required in Section 4.3 of

ANSI C57.12.34.  The tap-changer shall be operable on the higher voltage

only for transformers with dual voltage primaries.  The unit shall have two (2)

2-1/2% taps above and below rated voltage (split taps).
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C. The transformer dielectric coolant shall be listed less-flammable fluid meeting the

requirements of National Electrical Code® Section 450-23 and the requirements

of the National Electrical Safety Code® (IEEE Std C2™-2002 standard), Section

15.  The dielectric coolant shall be non-toxic, non-bioaccumulating and be readily

and completely biodegradable per EPA OPPTS 835.3100.  The base fluid shall

be 100% derived from edible seed oils and food grade performance enhancing

additives.  The fluid shall not require genetically altered seeds for its base oil.

The fluid shall result in zero mortality when tested on trout fry *.  The fluid shall

be certified to comply with the US EPA Environmental Technology Verification

(ETV) requirements, and tested for compatibility with transformer components.

The fluid shall be Factory Mutual Approved®, UL® Classified Dielectric Medium

(UL-EOUV) and UL® Classified Transformer Fluid (UL-EOVK), Envirotemp™

FR3™ fluid.

1. The transformer, filled with Envirotemp™ FR3™ fluid, shall have a 55/65°C

average winding temperature rise rating.  The above winding temperature

rise shall not exceed 55°C when loaded at base kVA rating.  The transformer

shall provide an additional 12% continuous operating capacity at the 65°C

rating.

2. The transformer shall be cooled by the natural circulation of air over the tank

surface, with additional kVA capacity built into the cooling surfaces and

conductors. The unit shall be provided with KNAN/Future KNAF rated

cooling. Additional capacity ratings shall be 25% for 2,500-10,000 kVA,

D. Components:

1. Windings shall be Copper and uniformly insulated.

2. The core and coil shall be vacuum processed with insulating fluid into the coil

insulation system. While under vacuum, the windings will be energized to

heat the coils and drive out moisture, and the transformer will be filled with

preheated filtered degassed insulating fluid. The core shall be manufactured

from burr-free, grain-oriented silicon steel and shall be precisely stacked to

eliminate gaps in the corner joints. The coil shall be insulated with B-stage,

epoxy coated, diamond pattern, insulating paper, which shall be thermally

cured under pressure to ensure proper bonding of conductor and paper.

3. Panel type radiators or corrugate type cooling radiator are welded directly to

the tank as necessary for cooling.

4. Tank:
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a. Hermetically sealed transformer tank must be welded cold-rolled steel

plate and equipped with extra-heavy duty, welded-in-place lifting lugs

and jacking provisions. Tank base must be designed to allow skidding or

rolling in any direction.

b. Sealed tank construction to withstand a minimum pressure of 7 psig

without permanent distortion, and 15 psig without rupturing.

c. The tank shall include a pressure relief device as a means to relieve

pressure in excess of pressure resulting from normal operation.  The

venting and sealing characteristics shall be as follows:

1) Cracking Pressure:  10 psig +/-2 psig

2) Resealing Pressure:  6-psig minimum

3) Zero leakage from reseal pressure to -8 psig

4) Flow at 15 psig:  35 SCFM minimum

d. The tank shall be cleaned with an alkaline cleaning agent to remove

grease and oil.  An iron phosphate coating shall then be chemically

bonded to the metal to assure coating adhesion and retard corrosion.

The tank shall be primed with an electrodeposited powder epoxy to

provide a barrier against moisture, salt, and corrosives.  The tank shall

then be coated with an electrostatically-applied, oven-cured polyester

powder coat to enhance abrasion and impact resistance.  The top-coat

shall be a liquid polyurethane coating to seal and add ultraviolet

protection.  The tank coating shall meet all requirements in ANSI

C57.12.28

1) The transformer shall be designed for operation in environments
conditions of the Texas Gulf Coast.  Highest temper is 109ºF and
lowest temperature 15ºF. Relative humidity 95%

2) The tank finish coating shall be ANSI 61 Gray and meet all
requirements in ANSI C57.12.28 including:

a) Salt Spray

b) Crosshatch adhesion

c) Humidity

d) Impact

e) Oil resistance

f) Ultraviolet accelerated weathering

g) Abrasion resistance – taber abrase

e. Full length bottom entry cabinets
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f. A full height bottom entry air terminal chamber is a weather-resistant

metal enclosure around sidewall mounted bushings that extends

downward to the transformer base level and upward approximately 10

inches above the bushing centerline Infrared viewing windows are to be

included for future infrared testing. It is intended for an underground feed

and is provided with facilities for arresters. Include lift-off front panels.

g. The tank shall be complete with an anodized aluminum laser engraved

nameplate.  This nameplate shall meet ANSI C57.12.00.

h. High Voltage Bushing Terminals:  The transformer shall be provided with

sidewall-mounted electrical grade wet process porcelain high voltage

bushings rated for full three-phase duty with either a two-hole spade or

an eyebolt connector.  The high voltage bushings shall be mounted in

Segment 2 or in Segment 4 of the transformer.

i. The low-voltage line and neutral bushings shall be sidewall mounted

molded epoxy Low-voltage bushings above 1000 V shall be electrical

grade wet process porcelain.  The low voltage bushings shall be located

in Segment 2 or Segment 4 opposite of the specified high-voltage

configuration.

5. Overvoltage Protection

a. Primary overvoltage protection shall be provided by externally mounted,

Station Class MOV surge arresters.

6.  Transformer additional features:

a. De-energized tap-changer

b. Upper globe type fill valve

c. Drain valve the sample device

d. Cover mounted automatic pressure relief device

e. Welded cove with bolted manhole

f. Lift lugs (4 minimum)

g. Nitrogen blanket with purge valve

h. Liquid level indication with contacts

i. Dial-type thermometer with contacts.

j. Pressure vacuum gage.

k. Rapid-Rise Relay

l. Seal-in panel for rapid pressure rise relay

m. Forced air fan control package

n. Drain Valve

o. Stainless steel or laser-scribed anodized aluminum nameplate, with date

of manufacturer.

p. NEMA 4X stainless steel control box.
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q. Lighting arresters installed in HV ATC and connected to primary

windings. Lightning arresters shall be heavy-duty distribution class,

gapless Metal Oxide Varistor (MOV) in porcelain design. Lightning

arresters shall be rated for 27 kV rms and duty cycle rating shall be 22

kV MCOV.

r. Three bushing type current transformers (BCT) installed on each phase

of primary bushings inside the transformer tank, all wiring brought out to

shorting terminal block with shorting screws. Terminal block shall be

installed in NEMA 4X stainless steel enclosure. Current transformers

shall have rating of 150/5 with ANSI accuracy class of C200. Current

transformers shall conform to ANSI/IEEE Standard C57.13. 600V class

bushing type CT shall be 10 kV BIL minimum.

s. Stainless Steel Ground pads (4)

2.3 NEUTRAL GROUNDING RESISTOR

A. General

1. The neutral grounding resistor shall be rated for the line-to-ground voltage

with a let through-current rating and time duration. The resistor shall be

directly connected to cover the mounted neutral bushing.

2. Provide the resistor and enclosure as a complete unit. Provide resistor with

adjustment taps to tune the system to existing site conditions.

B. Resistor Enclosure

1. Outdoor enclosure rate for Type 3R (stainless steel) for outdoor use. The top

of the enclosure shall be a solid over hang.

2. Provide enclosure lifting eyebolts.

3. The side covers of the enclosure shall be louvered. Louvered openings shall

not exceed 1/4-inch. Provide screening for all openings.

4. Enclosure and resistor shall be mounted to top of transformer

5. Provide common grounding terminal for bonding and external ground grid

connection.

6. Enclosure to conform with:

a. UL 50 Enclosures for Electric Equipment

b. NEMA ICS 6 Industrial Control Systems: Enclosures

c. NEMA 250 Enclosures for Electrical Equipment

d. ANSI /IEC 60529 Degrees of Protection Provided by Enclosures

e. ANSI Z535.4 Product Safety Signs and Labels

7. Rating: 10 seconds at 200 amps
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8. Resistive elements shall be wire wound or edge wound stainless steel with

stainless steel terminal mounted around a ceramic core or stamped grid

plates on insulated rods.

9. Resistor shall be mounted on support frames using stainless steel hardware

and rigidly supported at each by mica or glazed porcelain insulators and

supported for thermal expansion. The entire assembly shall be mounted on

porcelain insulators rated for system voltage.

10. Temperature rating 375ºC for continuous duty and 750ºC for short-time duty

at the rated ampacity.

11. Provide resistor terminal and interconnection between resistor units with

stainless steel hardware. Provide welded high current connections as

required.

12. Provide connections between resistors, bushing or instrument transformers

with stainless steel shunts, copper bar or copper cable insulted as required.

13. Resistors to conform to the following standards

a. IEEE 32 Neutral Grounding Devices

b. IEEE 142 Grounding of Industrial and Commercial Power Systems

c. IEEE C57.32 Neutral Grounding Devices

d. CSA 22.2 NO. 295 Neutral Ground Devices

C. Instruments

1. Provide current transformers, voltage transformer and sensing resistors.

2. Provide current transformers with primary rating close to let through current.

3. Proved Instruments and connections with junction box with terminals.

4. Current transformer shall be within 2% or better.

2.4 SOURCE QUALITY CONTROL

A. Factory Tests:  Test transformers in accordance with IEEE C57.12.90.

2.5 MAINTENANCE MATERIALS

A. Touch-up paint, two (2) separate one (1) quart containers.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install on pad as shown in the Contract Drawings and in accordance with

manufacturer's instructions.
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B. Transformer locations as shown on the Drawings are intended to be used as a

guide.

1. Field conditions may affect actual transformer location.

2. Coordinate final location with Owner.

C. Install three-phase transformers on concrete pad per detail on the Drawings.

D. See Specification Section 26 05 13 for cable termination requirements.

3.2 FIELD QUALITY CONTROL

A. Acceptance Testing:  See Specification Section 26 08 13.

END OF SECTION
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SECTION 26 12 19

PAD-MOUNTED TRANSFORMERS

PART 1 - GENERAL

1.1 DESCRIPTION

A. This section describes materials, installation, and testing of outdoor pad-mounted

transformers.

B. Related Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the

Contract.

2. Division 01 - General Requirements.

3. Section 01 25 13 – Product Substitutions.

4. Section 01 33 00 – Submittals.

5. Section 01 70 00 – Execultion and Closeout Requirements.

6. Division 26 – Electrical.

7. Section 26 05 00 – Grounding.

1.2 REFERENCES

A. American National Standards Institute (ANSI)

1. Z55.1:  Gray Finishes for Industrial Apparatus and Equipment

B. ASTM International (ASTM)

1. B117: Standard Practice for Operating Salt Spray (Fog) Apparatus.

2. D117: Standard Guide for Sampling, Test Methods, and Specifications for

Electrical Insulating Oils of Petroleum Origin.

C. U.S. Department of Energy (DOE)

1. Distribution Transformers Energy Conservation Standard (10 CFR Part 431).

D. Institute of Electrical and Electronics Engineers (IEEE)
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1. 386:  Standard for Separable Insulated Connector Systems for Power

Distribution Systems Above 600 V

2. C57.12.00:  Standard General Requirements for Liquid-Immersed

Distribution, Power, and Regulating Transformers

3. C57.12.26: Standard for Pad-Mounted, Compartmental-Type, Self-Cooled,

Three-Phase Distribution Transformers for Use with Separable Insulated

High-Voltage Connectors (34 500 Grd Y/19 920 V and Below; 2500 kVA and

Smaller).

4. C57.12.28: Pad-Mounted Equipment Enclosure Integrity

E. National Fire Protection Association (NFPA)

1. 70:  National Electrical Code (NEC).

F. Occupational Safety & Health Act (OSHA)

1. Regulation 1910.7

1.3 SUBMITTALS

A. Submit the following shop drawings in accordance with Section 01 33 00.

B. Submit shop drawings and manufacturers' product data in accordance with the

requirements of Section 26 05 00.

C. Submit shop drawings giving equipment dimensions, anchoring information, and

weights for each rating shown in the drawings and giving ratings of transformers,

switches, fuses, and breakers. Provide data on pressure-relief valves, oil sampling

valves, gauges, and separable connectors.

D. Submit catalog cuts for transformer pads.

E. Factory Tests: Furnish manufacturer's certified standard test reports for the

transformer ratings shown in the drawings and for the tests specified herein.

F. Instruction Manuals: Furnish manufacturer's installation and maintenance manuals

on the transformers and accessories.
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1.4 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Single source manufacturer regularly engaged in

manufacturing pad-mounted transformers complying with requirements of these

Specifications and experienced with at least 5 projects of similar size and scope

B. Product Selection for Restricted Space:  Drawings indicate size, profiles, and

dimensions for pad-mounted transformer equipment including clearances between

pad-mounted transformers and adjacent surfaces and items and are based on

manufacturer’s preliminary information.

C. Items provided under this section shall be listed or labeled by UL or other

Nationally Recognized Testing Laboratory (NRTL).

1. Terms “NRTL” shall be as defined in OSHA Regulation 1910.7.

2. Terms “listed” and “labelled” shall be as defined in National Electrical Code,

Article 100.

D. Regulatory Requirements:

1. National Electrical Code (NEC):  Components and installation shall comply

with National Fire Protection Association (NFPA) 70.

E. ANSI/IEEE Compliance:  Comply with applicable requirements of ANSI/IEEE

standards, including IEEE C2.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Coordinate delivery of pad-mounted transformers in shipping splits to allow

movement into designated space.

B. Handle pad-mounted transformers components in accordance with

manufacturer’s instructions.  Use factory installed lifting provisions.

1.6 SEQUENCING AND SCHEDULING

A. Coordinate size and location of concrete bases and pads.  Cast anchor bolt

inserts into pad.
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1.7 MAINTENANCE

A. Extra Materials

1. Furnish extra materials matching products installed as described below,

packaged with protective covering for storage, and identified with labels

clearly describing contents.

2. Touch-Up Paint:  3 half-pint (240 mL) containers of paint matching enclosure

exterior finish.

3. Contact Lubricant:  1 container.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Cooper Power Systems

B. Schneider Electric

C. ABB

D. Virginia Transformer

2.2 TRANSFORMER

A. General: Liquid-filled, pad-mounted transformer, complying with IEEE C57.12.26

and C57.12.28, with primary gang-operated load break disconnect switch(es), tap

changer, fuse provisions, secondary terminals in separate compartments, and

accessories in a weather-resistant, tamper-proof enclosure. Isolate and interlock

high- and low-voltage compartments. Doors shall be provided with padlockable

three-point latch and pentahead bolt.

B. Transformers shall comply with the 2010 Department of Energy Efficiency

Standards for Distribution Transformers.

C. Enclosure: Enclosure base shall have a 4 mil (0.1 mm) thick tar-mastic undercoat.
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D. Transformer: Unit shall be dead front, 3-phase, two winding, 60 Hertz, 117

degrees F (65 degrees C) rise above a 104 degrees F (40 degrees C) ambient.

Self-cooled kVA ratings shall be as noted in the drawings. High voltage shall be as

indicated on drawings with two 2-1/2 percent taps above and below normal. BIL

shall be 60 kV. Low voltage shall be as indicated in the drawings.

E. Insulating liquid shall be listed less-flammable fluid meeting the requirements of

National Electrical Code Section 450-23 and the requirements of the National

Electrical Safety Code (IEEE Std C2™-2002 standard), Section 15. The dielectric

coolant shall be non-toxic (Per OECD G.L. 203), non-bioaccumulating and be

readily and biodegradable per EPA OPPTS 835.3100.  The base fluid shall be

100% derived from edible seed oils and food grade performance enhancing

additives. The fluid shall not require genetically altered seeds for its base oil. The

fluid shall result in zero mortality when tested on trout fry (Per OECD G.L. 203).

The fluid shall be certified to comply with the US EPA Environmental Technology

Verification (ETV) requirements and tested for compatibility with transformer

components. The fluid shall be Factory Mutual Approved®, UL® Classified

Dielectric Medium (UL-EOUV) and UL® Classified Transformer Fluid (UL-EOVK),

Envirotemp™ FR3™ fluid.

F. Percent Impedance Voltage: Provide the following impedances subject to a

+/- 7.5 percent impedance variation:

kVA Percent IZ

150 and smaller 2.0

225 3.5

300 4.0

500 4.0

750 and larger 5.75

G. Primary Compartment: Provide the following equipment as a minimum:

1. Dead-front construction.

2. Radial construction.

3. Three dead-front elbow-type metal oxide varistor lightning arresters.  The high

voltage bushings shall be 15/25 kV 200A bushing wells with bushing well

inserts installed.  The bushings shall be externally removable and be supplied

with a removable stud (Re: Catalog Data CA800016EN, 500-12, and 500-26)
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4. Medium-voltage bushing inserts and bushings for separable elbow

connectors conforming to IEEE 386 and rated for 600 amperes continuous,

10,000-ampere rms symmetrical for a time duration of 0.17 second. Provide

a parking stand for each elbow connector. Equip connector with steel-

reinforced hook-stick eye, grounding eye, test point, and arc-quenching

material.

5. External tap changing handle operable only when the transformer is de-

energized.

H. Low-Voltage Compartment: Provide the following equipment as a minimum:

1. Secondary low-voltage bushings with spade terminals designed for copper

conductors.

2. Liquid level gauge, dial type.

3. Thermometer, dial type.

4. Oil filling connection.

5. Drainage and oil sample valves.

6. Neutral ground strap, removable.

7. Corrosion-resistant nameplate and connection diagram in conformance with

IEEE C57.12.26 except that the number of gallons (liters) of coolant shall be

shown.

8. Transformer case grounding pad.

9. Non-PCB and UL label.

2.3 FACTORY FINISH

A. Provide with a factory-applied, corrosion-resistant finish which shall withstand

3,000 hours of exposure to the salt spray test specified in ASTM B117 without loss

of paint or release of adhesion of paint primer coat to the metal surface in excess

of 1/16 inch from the scribed test mark. Finish color shall be ANSI Z55.1 No. 61

light gray.

B. Cut edges or otherwise damaged surfaces of galvanized steel shall be coated

with a zinc-rich paint.

2.4 TRANSFORMER PADS

A. Provide precast concrete transformer pads sized per transformer manufacturer

requirements. Provide reinforcement for parkway (nontraffic) loading.
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B. Provide precast concrete slab box, where indicated, consisting of transformer pad

and precast concrete box below, sized per the drawings. Box shall have

reinforcement for H-20 traffic bridge loading. Provide hot-dipped galvanized steel

parkway covers for access openings.

2.5 FACTORY TEST

A. Perform the following factory tests

1. Routine factory tests, IEEE C57.12.00.

2. ANSI full wave impulse test observed by oscilloscope.

3. ANSI reduced full wave, chopped wave impulse test with oscillograph record.

4. Complete ANSI temperature tests.

PART 3 -  EXECUTION

3.1 INSTALLATION

A. Install pad-mounted transformer in conformance to the manufacturer's mounting

instructions including securing it to the concrete slab by at least four anchor bolts.

3.2 GROUNDING

A. Pad-mounted transformer shall have all noncurrent-carrying metal parts

connected to a solid earth ground electrode.

3.3 SIGNS

A. Install "DANGER--HIGH VOLTAGE--KEEP OUT" signs with tamper-proof

stainless steel screws on each accessible side of pad-mounted transformers.

3.4 FIELD TESTS

A. After the installation has been completed, conduct an operating test

demonstrating that all equipment devices operate in accordance with the

requirements of the drawings and specifications.
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B. Operating Test: Energize the transformer and adjust the output voltage to the

specified value. Further readjust tap settings, if necessary, after the facility being

served is in normal operation.

3.5 CLOSEOUT ACTIVITIES

A. Provide in accordance with Section 01 70 00.

B. Adjusting: Adjust primary taps so secondary voltage is above and within 2 percent

of rated voltage.

END OF SECTION
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SECTION 26 13 00

MEDIUM VOLTAGE GAS INSULATED SWITCHGEAR

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

B. Related Sections include but are not necessarily limited to:

1. Division 01 - General Requirements

2. Section 10 14 00 - Identification Devices

3. Section 26 05 13 - Medium Voltage Cable

4. Section 26 05 19 - Wire and Cable 600 Volt and Below

5. Section 26 05 26 - Grounding

6. Section 26 05 29 - Hangars and Supports for Electrical Systems

7. Section 26 05 73 - Overcurrent Protective Device Coordination Study

8. Section 26 09 13 - Electrical Power Monitoring and Control

1.2 SUMMARY

A. This Section includes metal-enclosed interrupter switchgear and metal-clad,

circuit-breaker switchgear with the following optional components, features, and

accessories:

1. Copper, tin-plated main bus

2. Communication modules

3. Analog instruments

4. Relays

5. Surge arresters

6. Provisions for future devices

B. Applicable Areas

1. Area 01 - Site.  35kV switchgear in plant substation.

1.3 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in

associated items for this project.
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B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment

for Work in this Section is included in total Stipulated Price.

1.4 DEFINITIONS

A. ATS:  Acceptance Testing Specifications.

B. GFCI:  Ground-Fault Circuit Interrupter.

1.5 SUBMITTALS

A. Product Data:  For each type of switchgear and related equipment, include the

following:

1. Rated capacities, operating characteristics, furnished specialties, and

accessories for individual interrupter switches and circuit breakers.

2. Time-current characteristic curves for overcurrent protective devices,

including circuit-breaker relay trip devices.

B. Shop Drawings:  For each type of switchgear and related equipment, include the

following:

1. Dimensioned plans, elevations, sections, and details, including required

clearances and service space around equipment.  Show method of field

assembly and location and size of each field connection.  Include the

following:

a. Tabulation of installed devices with features and ratings.

b. Outline and general arrangement drawing showing dimensions,

shipping sections, and weights of each assembled section.

c. Drawing of cable termination compartments showing preferred

locations for conduits and indicating space available for cable

terminations.

d. Floor plan drawing showing locations for anchor bolts.

e. Current ratings of buses.

f. Short-time and short-circuit ratings of switchgear assembly.

g. Nameplate legends.

h. Mimic-bus diagram.

i. Utility company's metering provisions with indication of approval by

utility company.

2. Design Calculations:  Signed and sealed by a qualified professional

engineer.  Calculate requirements for selecting seismic restraints.
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3. Wiring Diagrams:  For each type of switchgear and related equipment,

include the following:

a. Power, signal, and control wiring.

b. Three-line diagrams of current and future secondary circuits showing

device terminal numbers and internal diagrams.

c. Schematic control diagrams.

d. Diagrams showing connections of component devices and equipment.

e. Schematic diagrams showing connections to remote devices including

SCADA remote terminal unit.

C. Coordination Drawings:  Floor plans showing dimensioned layout, required

working clearances, and required area above and around switchgear where

piping and ducts are prohibited.  Show switchgear layout and relationships

between components and adjacent structural and mechanical elements.  Show

support locations, type of support, and weight on each support.  Identify field

measurements.

D. Samples:  Representative portion of mimic bus with specified finish.

Manufacturer's color charts showing colors available for mimic bus.

E. Field quality-control test reports.

F. Operation and Maintenance Data:  For switchgear and switchgear components

to include in emergency, operation, and maintenance manuals.  In addition to

items specified in Section 01 78 23 "Operation and Maintenance Data," include

the following:

1. Manufacturer's written instructions for testing and adjusting overcurrent

protective devices.

2. Time-current curves, including selectable ranges for each type of

overcurrent protective device.

1.6 QUALITY ASSURANCE

A. Testing Agency Qualifications:  An independent agency, with the experience and

capability to conduct the testing indicated, that is a member company of the

InterNational Electrical Testing Association or is a nationally recognized testing

laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is acceptable

to authorities having jurisdiction.

1. Testing Agency's Field Supervisor:  Person currently certified by the

InterNational Electrical Testing Association or the National Institute for
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Certification in Engineering Technologies to supervise on-site testing

specified in Part 3.

B. Source Limitations:  Obtain each type of switchgear and associated components

through one source from a single manufacturer.

C. Product Options:  Drawings indicate size, profiles, and dimensional requirements

of switchgear and are based on the specific system indicated.

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined

in NFPA 70, Article 100, by a testing agency acceptable to authorities having

jurisdiction, and marked for intended use.

E. Comply with IEEE C2.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Deliver in sections of lengths that can be moved past obstructions in delivery path

as indicated.

B. Store switchgear indoors in clean dry space with uniform temperature to prevent

condensation.  Protect switchgear from exposure to dirt, fumes, water, corrosive

substances, and physical damage.

1.8 PROJECT CONDITIONS

A. Environmental Limitations:  Rate equipment for continuous operation at indicated

ampere ratings for the following conditions:

1. Ambient temperature not exceeding 140ºF.

2. Altitude of 200 feet (min.) above sea level.

B. Installation Pathway:  Remove and replace building components and structures

to provide pathway for moving switchgear into place.

C. Product Selection for Restricted Space:  Drawings indicate maximum dimensions

for switchgear, including clearances between switchgear and adjacent surfaces

and other items.  Comply with indicated maximum dimensions.

1.9 COORDINATION

A. Coordinate layout and installation of switchgear and components with other

construction including conduit, piping, equipment, and adjacent surfaces.
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Maintain required clearances for workspace and equipment access doors and

panels.

B. Coordinate size and location of concrete bases.  Concrete, reinforcement, and

formwork requirements are specified with concrete.

1.10 EXTRA MATERIALS

A. Furnish extra materials described below that match products installed and that

are packaged with protective covering for storage and identified with labels

describing contents.

1. Fuses: Six of each type and rating used.  Include spares for future

transformers, control power circuits, and fusible devices.

2. Indicating Lights: Six of each type installed.

3. Touchup Paint: Three containers of paint matching enclosure finish, each

0.5 pint.

B. Maintenance Tools:  Furnish tools and miscellaneous items required for

interrupter switchgear test, inspection, maintenance, and operation.  Include the

following:

1. Fuse-handling tool.

2. Extension rails, lifting device, transport or dockable dolly or mobile lift, and

all other items necessary to remove circuit breaker from housing and

transport to remote location.

3. Racking handle to move circuit breaker manually between connected and

disconnected positions, and a secondary test coupler to permit testing of

circuit breaker without removal from switchgear.

PART 2 - PRODUCTS

2.1 MANUFACTURED UNITS

A. Description:  Factory assembled and tested, and complying with IEEE C37.20.1.

B. Ratings:  Suitable for application in 3-phase, 60-Hz, solidly grounded-neutral

system.

C. System Voltage:  34.5 kV nominal; 38 kV maximum
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2.2 METAL-ENCLOSED INTERRUPTER SWITCHGEAR

A.  Available Manufacturers:

1. Eaton Corporation; Cutler-Hammer Products.

2. ABB Control, Inc.

3. S&C Electric Company.

4. Siemens Energy & Automation, Inc.

5. Square D; Schneider Electric.

B. Comply with IEEE C37.20.3.

C. Comply with IEEE C37.20.7.  Provide arc-resistant switchgear, Type 1

D. Design Level of Available-Source Fault Current:  Integrated short-circuit rating

consistent with value of fault current indicated.

E. Ratings:  Comply with standard ratings designated in IEEE C37.20.3 for

maximum-rated voltage specified.

1. Main-Bus Rating:  1200A, continuous.

F. Interrupter Switches:  Stationary, gang operated, and suitable for application at

maximum short-circuit rating of integrated switchgear assembly.

1. Rating:  1200A continuous duty and load break.

2. Duty-Cycle, Fault Closing:  25,000 asymmetrical A.

3. Switch Action:  No external arc and no significant quantities of ionized gas

released into the enclosure.

4. Switch Construction:  Supported entirely by interior framework of structure,

with copper switchblades and stored-energy operating mechanism.

5. Phase Barriers:  Full length of switchblades and fuses for each pole;

designed for easy removal; allow visual inspection of switch components if

barrier is in place.

6. Protective Shields:  Cover live components and terminals.

7. Fuses:  De-energized if switch is open.

G. Mechanical Interlock:  Prevent opening switch compartment door unless

switchblades are open, and prevent closing switch if door is open.

H. Window:  Permit viewing switchblade positions if door is closed.
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2.3 METAL-CLAD, CIRCUIT-BREAKER SWITCHGEAR

A. Available Manufacturers:

1. Eaton Corporation; Cutler-Hammer Products

2. ABB Control, Inc.

3. Square D; Schneider Electric

4. General Electric Distribution & Control

5. Siemens Energy & Automation, Inc.

B. Comply with IEEE C37.20.3.

C. Comply with IEEE C37.20.7.  Provide arc-resistant switchgear, Type 1.

D. Nominal Interrupting-Capacity Class:  1000MVA.

E. Ratings:  Comply with IEEE C37.04.

1. Main-Bus Rating:  1200A, continuous.

F. Circuit Breakers:  Three-pole, single-throw, electrically operated, drawout-

mounting units using three individual, sulfur hexafluoride insulated and sealed

interrupter modules and including the following features:

1. Designed to operate at rated voltage to interrupt fault current within its rating

within three cycles of trip initiation.  For systems with X/R ratio of 17 or less,

transient voltage during interruption shall not exceed twice the rated line-to-

ground voltage of the system.

2. Contact-Wear Indicator:  Readily accessible to field maintenance

personnel.

3. Minimum of six Type A and six Type B spare contacts.

4. Interchangeability:  Circuit breakers are interchangeable with vacuum circuit

breakers of same current and interrupting ratings.

5. Internal sulfur hexafluoride pressure is not to exceed 2.5 bars during normal

operation.

a. Current Rating of Main Circuit Breaker:  1200 A.

b. Continuous Current Rating of Tie Circuit Breaker:  1200 A.

c. Continuous Current Rating of Feeder Circuit Breaker:  1200 A.

6. Operating Mechanism:  Electrically charged, mechanically and electrically

trip-free, stored-energy operated.

a. Closing speed of moving contacts to be independent of both control

and operator.
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b. Design mechanism to permit manual charging and slow closing of

contacts for inspection or adjustment.

1) Control Power:  125V dc for closing and tripping.

c. Provide shunt trip capability independent of overcurrent trip.

G. Test Accessories:  Relay and meter test plugs.

H. Low-DC-Voltage Alarm:  Switchgear shall have a monitor for dc control power

voltage with a remote alarm located where indicated.  Alarm shall sound if voltage

falls to an adjustable value to indicate an impending battery failure.  Factory set

alarm value at 80 percent of full-charge voltage.

I. Grounding and Testing Device:  Suitable for phasing out, testing, and grounding

switchgear bus or feeder if device is installed in place of circuit breaker.  Include

the following:

1. Portable Grounding and Testing Device:  Interchangeable with drawout-

mounting, medium-voltage circuit breakers to provide interlocked electrical

access to either bus or feeder; electrically operated.

2. System control cabinet permanently mounted near switchgear.

3. Portable Remote-Control Station:  For grounding and testing device.

4. Control-Cabinet Coupler Cable:  Of adequate length to connect device

inserted in any switchgear cubicle and control cabinet.

5. Remote-Control Coupler Cable:  50 feet long to connect control cabinet and

portable remote-control station.

6. Permanent Control Power Wiring:  From control cabinet to power source.

7. Protective Cover:  Fabricated of heavy-duty plastic and fitted to device.

8. Approval of Grounding and Testing Device System:  Obtain approval of final

system design from utility company and agency designated by Owner to

handle future maintenance of medium-voltage switchgear.

J. Circuit-Breaker Test Cabinet:  Separately mounted and containing push buttons

for circuit-breaker closing and tripping, control relay, fuses, and secondary

coupler with cable approximately 108 inches long.  Include a set of secondary

devices for operating circuit breaker if removed from switchgear and moved near

test cabinet.  Include provision for storage of test and maintenance accessories

in cabinet.

K. Remote-Tripping Device:  Wall-mounting emergency control station to open

circuit breakers; located in red cast-metal box with break-glass operation.
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2.4 FABRICATION

A. Indoor Enclosure:  Steel.

B. Finish:  Manufacturer's standard gray finish over rust-inhibiting primer on

phosphatizing-treated metal surfaces.

C. Bus Transition Unit:  Arranged to suit bus and adjacent units.

D. Incoming-Line Unit:  Arranged to suit incoming line.

E. Outgoing Feeder Units:  Arranged to suit distribution feeders.

F. Auxiliary Compartments:  Arranged to suit house meters, relays, controls, and

auxiliary equipment; isolated from medium-voltage components.

G. Key Interlocks:  Arranged to effect interlocking schemes indicated.

H. Provisions for Future Key Interlocks:  Mountings and hardware required for future

installation of locks, where indicated.

2.5 COMPONENTS

A. Main Bus:  Copper, tin plated; full length of switchgear.

B. Ground Bus:  Copper, silver plated or copper, tin plated; minimum size 1/4 by 2

inches; full length of switchgear.

C. Bus Insulation:  Covered with flame-retardant insulation.

D. Instrument Transformers:  Comply with IEEE C57.13.

1. Potential Transformers:  Secondary voltage rating of 120 V and NEMA

accuracy class of 0.3 with burdens of W, X, and Y.

2. Current Transformers:  Burden and accuracy class suitable for connected

relays, meters, and instruments.

E. Multifunction Digital-Metering Monitor:  Microprocessor-based unit suitable for

three- or four-wire systems, listed and labeled by an NRTL, and with the following

features:

1. Inputs from sensors or 5-A current-transformer secondaries, and potential

terminals rated to 600 V.

2. Switch-selectable digital display with the following features:

a. Phase Currents, Each Phase:  Plus or minus 1 percent.
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b. Phase-to-Phase Voltages, Three Phase:  Plus or minus 1 percent.

c. Phase-to-Neutral Voltages, Three Phase:  Plus or minus 1 percent.

d. Three-Phase Real Power:  Plus or minus 2 percent.

e. Three-Phase Reactive Power:  Plus or minus 2 percent.

f. Power Factor:  Plus or minus 2 percent.

g. Frequency:  Plus or minus 0.5 percent.

h. Integrated Demand, with Demand Interval Selectable from 5 to 60

Minutes:  Plus or minus 2 percent.

i. Accumulated energy, in megawatt hours plus or minus 2 percent;

stored values unaffected by power outages for up to 72 hours.

3. Communications module suitable for remote monitoring of meter quantities

and functions.  Interface communication and metering requirements

according to Section 26 09 13 "Electrical Power Monitoring and Control”.

4. Mounting:  Display and control unit that is flush or semi-flush mounted in

instrument compartment door.

F. Analog Instruments:  Rectangular, 4-1/2 inches square, 1 percent accuracy,

semi-flush mounting, with anti-parallax 250-degree scale and external zero

adjustment and complying with ANSI C39.1.

1. Voltmeters:  Cover an expanded scale range of normal voltage plus 10

percent.

2. Voltmeter Selector Switch:  Rotary type with off position to provide readings

of phase-to-phase voltages.

3. Ammeters:  Cover an expanded scale range of bus rating plus 10 percent.

4. Ammeter Selector Switch:  Permits current reading in each phase and

keeps current-transformer secondary circuits closed in off position.

5. Locate meter and selector switch on circuit-breaker compartment door for

indicated feeder circuits only.

6. Watt-Hour Meters:  Flush- or semi-flush-mounting type, 5 A, 120 V,

3 phase, 3 wire; with 3 elements, 15-minute indicating demand register, and

provision for testing and adding pulse initiation.

7. Recording Demand Meter:  Usable as totalizing relay or indicating and

recording maximum demand meter with 15-minute interval.

a. Operation:  Counts and records a succession of pulses entering two

channels.

b. Housing:  Drawout, back-connected case arranged for semi-flush

mounting.

G. Relays
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1. Comply with IEEE C37.90, integrated digital type; with test blocks and

plugs.

2. Provide manufacturer and models as shown on Contract Drawings.

H. Surge Arresters

1. Distribution class, metal-oxide-varistor type.  Comply with NEMA LA 1.

2. Install in cable termination compartments in each phase of circuit.

3. Coordinate rating with circuit voltage.

I. Provision for Future Devices:  Equip compartments with rails, mounting brackets,

supports, necessary appurtenances, and bus connections.

J. Control Wiring:  Factory installed, complete with bundling, lacing, and protection;

and complying with the following:

1. Flexible conductors for No. 8 AWG and smaller, for conductors across

hinges, and for conductors for interconnections between shipping units.

2. Conductors sized according to NFPA 70 for duty required.

K. Space heaters shall be provided for each section to prevent condensation.  AC

control voltage for space heaters shall be provided by purchaser from a remote

source.

2.6 IDENTIFICATION

A. Materials:  Refer to Section 10 14 00.  Identify units, devices, controls, and wiring.

B. Mimic Bus:  Continuous mimic bus applied to front of switchgear, arranged in

single-line diagram format, using symbols and lettered designations consistent

with approved final mimic-bus diagram.

1. Mimic-bus segments coordinated with devices in switchgear sections to

which applied, to produce a concise visual presentation of principal

switchgear components and connections.

2. Medium:  Painted graphics, as approved.

3. Color:  Contrasting with factory-finish background; selected by Engineer.

2.7 FACTORY FINISHES

A. Finish:  Manufacturer's standard color finish applied to equipment before

shipping.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine elements and surfaces to receive switchgear for compliance with

requirements for installation tolerances, required clearances, and other

conditions affecting performance.

1. Proceed with installation only after unsatisfactory conditions have been

corrected.

3.2 INSTALLATION

A. Anchor switchgear assembly to 4-inch channel-iron sill embedded in concrete

base and attach by bolting.

1. Sills:  Select to suit switchgear; level and grout flush into concrete base.

2. Concrete Bases:  4 inches high, reinforced, with chamfered edges.  Extend

base no less than 3 inches in all directions beyond the maximum

dimensions of switchgear, unless otherwise indicated or unless required for

seismic anchor support.  Construct concrete bases according to

Section 26 05 29 "Hangers and Supports for Electrical Systems."

B. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and

brackets and temporary blocking of moving parts from switchgear units and

components.

3.3 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components;

provide warning signs as specified in Section 10 14 00 “Identification Devices”.

B. Diagram and Instructions:

1. Frame under clear acrylic plastic on front of switchgear.

a. Operating Instructions:  Printed basic instructions for switchgear,

including control and key-interlock sequences and emergency

procedures.

b. System Power Riser Diagrams:  Depict power sources, feeders,

distribution components, and major loads.

2. Storage for Maintenance:  Include a rack or holder, near the operating

instructions, for a copy of maintenance manual.
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3.4 CONNECTIONS

A. Cable terminations at switchgear are specified in Section 26 05 13 "Medium-

Voltage Cable”.

B. Tighten bus joints, electrical connectors, and terminals according to

manufacturer's published torque-tightening values.

C. Ground equipment according to Section 26 05 26 "Grounding."

D. Connect wiring according to Section 26 05 19 "Wire and Cable 600 Volts and

Below" and Section 26 05 13 "Medium-Voltage Cable”.

3.5 FIELD QUALITY CONTROL

A. Prepare for acceptance tests as follows:

1. Test insulation resistance for each switchgear bus, component, connecting

supply, feeder, and control circuit.

2. Test continuity of each circuit.

B. Manufacturer's Field Service:  Engage a factory-authorized service

representative to perform the following:

1. Inspect switchgear, wiring, components, connections, and equipment

installation.  Test and adjust components and equipment.

2. Assist in field testing of equipment including pretesting and adjusting of

automatic power factor correction units.

3. Report results in writing.

C. Perform the following field tests and inspections and prepare test reports:

1. Perform each electrical test and visual and mechanical inspection stated in

NETA ATS.  Certify compliance with test parameters.  Perform NETA tests

and inspections for each of the following NETA categories:

a. Switchgear.

b. Circuit breakers.

c. Protective relays.

d. Instrument transformers.

e. Metering and instrumentation.

f. Ground-fault systems.

g. Battery systems.

h. Surge arresters.

i. Capacitors.
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D. Remove and replace malfunctioning units and retest as specified above.

E. Infrared Scanning:  After Substantial Completion, but not more than 60 days after

Final Acceptance, perform infrared scan of each switchgear.  Remove front and

rear panels so joints and connections are accessible to portable scanner.

1. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan

of each switchgear 11 months after date of Substantial Completion.

2. Instrument:  Use an infrared-scanning device designed to measure

temperature or to detect significant deviations from normal values.  Provide

calibration record for device.

3. Record of Infrared Scanning:  Prepare a certified report that identifies

switchgear checked and that describes infrared-scanning results.  Include

notation of deficiencies detected, remedial action taken, and observations

after remedial action.

3.6 ADJUSTING

A. Set field-adjustable, protective-relay trip characteristics according to results in

Section 26 05 73 ”Overcurrent Protective Device Coordination Study”.

3.7 CLEANING

A. On completion of installation, inspect interior and exterior of switchgear.  Vacuum

dirt and debris; do not use compressed air to assist in cleaning.  Repair damaged

finishes.

3.8 PROTECTION

A. Temporary Heating:  Apply temporary heat to switchgear, according to

manufacturer's written instructions, throughout periods when switchgear

environment is not controlled for temperature and humidity within manufacturer's

stipulated service conditions.

3.9 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance

personnel to adjust, operate, and maintain switchgear.  Refer to Section 01 75 00

“Facility Start Up”.

END OF SECTION
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SECTION 26 13 01

METAL-CLAD MEDIUM VOLTAGE SWITCHGEAR

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Material and installation requirements for:

a. Medium voltage metal-clad switchgear.

b. Medium voltage circuit breakers and associated protective relays.

2. Applicable Areas

a. Area 03 - Pump Building. 5kV switchgear.

B. Related Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the

Contract

2. Division 01 - General Requirements

3. Section 26 05 73 - Overcurrent Protective Device Coordination Study

4. Section 26 08 13 - Acceptance Testing

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in

associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment

for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. American National Standards Institute (ANSI)/ Institute of Electrical and

Electronics Engineers (IEEE)

a. C37.04 and C 37.06 – Standard ratings and preferred ratings for Indoor

AC Medium-Voltage Circuit Breakers used in Metal-Clad Switchgear
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b. C37.04 and C 37.06 – Standard ratings and preferred ratings for Indoor

AC Medium-Voltage Circuit Breakers used in Metal-Clad Switchgear

c. C37.09 – Standard Design and Production Testing.

d. C37.20.2 – Standard for Metal-Clad Switchgear

e. C37.11 – Requirements for electrical control for AC High-Voltage Circuit

Breakers rated on a symmetrical current basis or total current basis.

f. C57.13 – Requirements for Instrument Transformers

2. American National Standards Institute (ANSI)

a. Z55.1 – Gray Finishes for Industrial Apparatus and Equipment.

3. National Electrical Manufacturers Association (NEMA)

a. SG4 – Alternating Current High Voltage Circuit Breakers.

b. SG5 – Power Switchgear Assemblies

B. The metal-clad switchgear and all components shall be designed, manufactured

and tested in accordance with the latest applicable standards of ANSI/IEEE

C37.20.2, C37.55, C37.100, NEMA SG-5, and CSA C22.2 #31. The switchgear

shall also be tested in accordance with ANSI C37.20.7, guide for testing metal-

enclosed switchgear.

1.4 SUBMITTALS – FOR REVIEW/APPROVAL

A. See Section 01 33 00 for requirements for the mechanics and administration of

the submittal process

B. The following information shall be submitted to the Engineer.

1. Master drawing index

2. Front view elevation

3. Floor plan

4. Top view

5. Single line diagram

6. Schematic diagram

7. Nameplate schedule

8. Component list

9. Conduit entry/exit locations

10. Assembly ratings including:

a. Switchgear assembly short-circuit withstand rating

b. Enclosure internal arc short circuit rating

c. Voltage

d. Continuous current
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e. Basic impulse level for equipment over 600 volts

11. Major component ratings including:

a. Voltage

b. Continuous current

c. Interrupting ratings

12. Cable terminal sizes

13. Product data sheets

C. Where applicable the following additional information shall be submitted to the

Engineer:

1. Busway construction

2. Connection details between close-coupled assemblies

3. Composite floor plan of close-coupled assemblies

4. Key interlock scheme drawing and sequence of operations

5. Descriptive bulletins

1.5 SUBMITTALS- FOR CONSTRUCTION

A. The following information shall be submitted for record purposes:

1. Final as-built drawings and information for items listed in paragraph 1.04

2. Wiring diagrams

3. Certified production test reports

4. Installation information including equipment anchorage provisions

B. The final (as-built) drawings shall include the same drawings as the construction

drawings and shall incorporate all changes made during the manufacturing

process.

1.6 QUALIFICATIONS

A. The manufacturer of the assembly shall be the manufacturer of the major

components within the assembly.

B. For the equipment specified herein, the manufacturer shall be ISO 9001 or 9002

certified.

C. The manufacturer of this equipment shall have produced similar electrical

equipment for a minimum period of five (5) years. When requested by the

Engineer, an acceptable list of installations with similar equipment shall be

provided demonstrating compliance with this requirement.
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1.7 REGULATOR REQUIREMENTS (NOT USED)

1.8 DELIVERY, STORAGE AND HANDLING

A. Equipment shall be handled and stored in accordance with manufacturer’s

instructions. One (1) copy of these instructions shall be included with the

equipment at time of shipment.

B. Shipping groups shall be designed to be shipped by truck, rail, or ship. Indoor

groups shall be bolted to skids. Breakers and accessories shall be packaged and

shipped separately.  See drawings for any shipping size restrictions.

C. Switchgear shall be equipped to be handled by crane. Where cranes are not

available, switchgear shall be suitable for skidding in place on rollers using jacks

to raise and lower the groups.

D. Switchgear being stored prior to installation shall be stored so as to maintain the

equipment in a clean and dry condition. If stored outdoors, indoor gear shall be

covered and heated, and outdoor gear shall be heated.

1.9 OPERATION AND MAINTENANCE MANUALS

A. See Section 01 33 00 and Section 01 78 23 for requirements for:

1. The mechanics and administration of the submittal process.

2. The content of Operation and Maintenance Manuals.

B. Operation and maintenance manuals shall include the following information:

1. Instruction books and/or leaflets

2. Recommended renewal parts list

3. Drawings and information

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers:  Subject to compliance with requirements,

manufacturers offering products that may be incorporated into the Work include,

but are not limited to, manufacturers specified.

1. Eaton

2. Siemens



WHCRWA
CENTRAL PUMP STATION METAL-CLAD MEDIUM VOLTAGE SWITCHGEAR

WHCRWA CENTRAL PUMP STATION
METAL-CLAD MEDIUM VOLTAGE SWITCHGEAR

26 13 01 - 5 OF 16

3. ABB (General Electric)

4. Schneider Electric

B. The listing of specific manufacturers above does not imply acceptance of their

products that do not meet the specified ratings, features and functions.

Manufacturers listed above are not relieved from meeting these specifications in

their entirety

2.2 RATINGS

A. Central Pump Station 5kV Switchgear

1. The switchgear described in this specification shall be designed for operation

on a 4.16 kV, three-phase, 3-wire, solid grounded, 60-hertz system.

Switchgear enclosure shall provide protection against internal arcing faults at

the front, sides, and rear as designated by accessibility Type 2 under ANSI

test guide C37.20.2, and Type B designated under EEMAC test guide G14-

1.

2. Each circuit breaker shall have the following ratings:

a. Maximum Voltage:  4.76 kV

b. BIL Rated:  60 kV Peak

c. Continuous Current (5/15 kV):  2000 and 1200 Ampere

d. Short-Circuit Current at rated max kV:  25kA RMS sym

e. Rated Voltage Range Factor K:  1.0

f. Closing and Latching Capability:  139kA Crest

g. Maximum Symmetrical Interrupting and 3-Second Rating:  25ka RMS

SYM

h. Rated Interrupting Time:  5 Cycle

2.3 CONSTRUCTION

A. The switchgear assembly short-time and momentary current withstand ratings

shall be same as that of circuit breaker. The 5/15 kV switchgear enclosure internal

arc-short circuit rating shall be same as rated short-time short circuit current

withstand rating of the assembly or 50 kA rms sym, whichever is less.
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B. The switchgear assembly shall consist of individual vertical sections housing

various combinations of circuit breakers and auxiliaries, bolted to form a rigid

metal-clad switchgear assembly. Metal side sheets shall provide grounded

barriers between adjacent structures and solid removable metal barriers shall

isolate the major primary sections of each circuit. The 5/15 kV switchgear shall

be arranged in 1-high configuration, with two hinged rear covers furnished for

each vertical section for circuit isolation and ease of handling.

C. The stationary primary contacts shall be silver-plated and recessed within

insulating tubes. A steel shutter shall automatically cover the stationary primary

disconnecting contacts when the breaker is in the disconnected position or out of

the cell. Provide rails to allow withdrawal of each 5 and 15 kV circuit breaker for

inspection and maintenance without the use of a separate lifting device.

D. Space heaters shall be provided for each section to prevent condensation.  AC

control voltage for space heaters shall be provided by purchaser from a remote

source.

E. All metal work shall be free from burrs and sharp edges

F. No tie down bolts or other manual means shall be used to secure the door. A

single handle must be provided to operate all required latching. No special tools

shall be required to latch the front compartment door. The switchgear shall be

capable of extension from either end at a future date without modification to

existing structural members.

G. The depth of the finished equipment shall be sufficient to allow for entrance,

bending, and termination of power cables.  Individual units shall be provided for

top or bottom entrance as specified.  A minimum of 33 inches of clearance

between terminal pads and the cable entrance shall be provided.
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2.4 BUS

A. The main bus shall be copper with fluidized bed epoxy flame-retardant and track-

resistant insulation. The bus supports between units shall be flame-retardant,

track-resistant, glass polyester for 5- and 15-kV class. The switchgear shall be

constructed so that all buses, bus supports, and connections shall withstand

stresses that would be produced by currents equal to the momentary ratings of

the circuit breakers. Insulated copper main bus shall be provided and have

provisions for future extension. All bus joints shall be plated, bolted and insulated

with easily installed boots. The bus shall be braced to withstand fault currents

equal to the close and latch rating of the breakers. The temperature rise of the

bus and connections shall be in accordance with ANSI standards and

documented by design tests.

B. A copper ground bus shall extend the entire length of the switchgear.

2.5 WIRING/TERMINATIONS

A. The switchgear manufacturer shall provide suitable terminal blocks for secondary

wire terminations and a minimum of 10% spare terminals shall be provided. One

control circuit cutout device shall be provided in each circuit breaker housing.

Switchgear secondary wire shall be #14 AWG, type SIS rated 600 volt, 90

degrees C, furnished with wire markers at each termination. Wires shall terminate

on terminal blocks with marker strips numbered in agreement with detailed

connection diagrams.

B. Incoming line and feeder cable lugs shall be 2- hole mounting, long barrel, copper

compression lugs.

2.6 CIRCUIT BREAKERS

A. The circuit breakers shall be horizontal drawout type, capable of being withdrawn

on rails at 5/15/27 kV. The breakers shall be operated by a motor-charged stored

energy spring mechanism, charged normally by a universal electric motor and in

an emergency by a manual handle. The primary disconnecting contacts shall be

silver-plated copper.
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B. Each circuit breaker shall contain three vacuum interrupters separately mounted

in a self-contained, self-aligning pole unit, which can be removed easily. The

vacuum interrupter pole unit shall be mounted on glass polyester supports for 5

and 15 kV class. A contact wear gap indicator for each vacuum interrupter, which

requires no tools to indicate available contact life, shall be easily visible when the

breaker is removed from its compartment. The current transfer from the vacuum

interrupter moving stem to the breaker main conductor shall be a non-sliding

design. The breaker front panel shall be removable when the breaker is

withdrawn for ease of inspection and maintenance.

C. The secondary contacts shall be silver-plated and shall automatically engage in

the breaker operating position, which can be manually engaged in the breaker

test position.

D. Interlocks shall be provided to prevent closing of a breaker between operating

and test positions, to trip breakers upon insertion or removal from housing and to

discharge stored energy mechanisms upon insertion or removal from the

housing. The breaker shall be secured positively in the housing between and

including the operating and test positions.

E. The circuit breaker compartment door shall be mechanically interlocked with the

breaker levering mechanism to prevent opening of the door unless the breaker is

first Opened and withdrawn to Test/Disconnected position with the door closed.

F. The design shall allow normal circuit breaker functions to be carried out with the

door closed. Those functions include: manual open and close, manual levering

to and from connected position, and manual charging of the circuit breaker

closing springs. Shatter proof viewing windows shall be provided on the door to

enable viewing of circuit breaker position inside the compartment, circuit breaker

contact status (open/closed), and spring charged/discharged indication.

G. When a remote operable electrical levering device is specified under the

accessories, the design shall allow levering of the circuit breaker using such a

device with the door closed.

H. The breakers shall be electrically operated by the following control voltages:

1. DC control system.

I. Each breaker shall be complete with control switch and red and green indicating

lights to indicate breaker contact position.
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2.7 PROTECTIVE RELAYS

A. The switchgear manufacturer shall furnish and install, in the metal-clad

switchgear, the quantity, type and rating of protection relays as indicated on the

drawings and described hereafter in this specification.

1. Relays shall be mounted in a separate area metal barriered from medium

voltage.

B. Microprocessor-Based Protective Relay

1. The switchgear manufacturer shall furnish and install, in the metal-clad

switchgear, the quantity, type and rating of protection relays as indicated on

the drawings and described hereafter in this specification.  Unless otherwise

indicated protective relays shall be manufactured by, Schweitzer Engineering

Laboratories (SEL).

2. In general, microprocessor based multi-function and solid state relays shall

be provided.

3. Relays shall operate from the 5-ampere secondary output of current

transformers

4. The primary current transformer rating being used for phase and ground

protection feeding the device shall be programmable for current transformers

with primary current ratings from 5 through 5,000 amperes.

5. Current and potential test blocks and plugs shall be provided for all metering

and protection circuits.

6. Confirm all current and potential transformer ratings.

2.8 CURRENT TRANSFORMERS

A. All current transformers shall be products of ITI (Instrument Transformer, Inc., a

GE Company).

B. Provide quantity and sizes as shown on the Drawings

C. Zero sequence CTs for one conductor per phase applications shall be ITI 780

Series.

D. Zero sequence CTs for more than one conductor per phase applications shall be

ITI Series 590, 592, 593 or 594.
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2.9 AUXILIARY DEVICES

A. Ring type current transformers shall be furnished as indicated on the contract

drawings. The thermal and mechanical ratings of the current transformers shall

be coordinated with the circuit breakers. Their accuracy rating shall be equal to

or higher than ANSI standard requirements. The standard location for the current

transformers on the bus side and line side of the 5 and, 15 and 27 kV breaker

units shall be front accessible to permit adding or changing current transformers

without removing high-voltage insulation connections. Shorting terminal blocks

shall be furnished on the secondary of all the current transformers.

B. Voltage and control power transformers of the quantity and ratings indicated in

the detail specification shall be supplied. Voltage transformers shall be mounted

in drawout drawers contained in an enclosed auxiliary compartment. Control

power transformers up to 15 kV, 15 kVA, single-phase shall be mounted in

drawout drawers. Rails shall be provided for 5/15/27 kV auxiliary drawers to

permit easy inspection, testing and fuse replacement. Shutters shall isolate

primary bus stabs when drawers are withdrawn.

C. A mechanical interlock shall be provided to require the secondary breaker to be

open before the CPT drawer or CPT primary fuse drawer can be withdrawn.

D. Where indicated on the drawings, provide a separate compartment with a front

facing hinged door for central point to connect communicating devices to an

Ethernet network and allow close monitoring of the power infrastructure with real-

time, web-enabled data.

1. The compartment shall have a lockable, hinged door with a functional

through-the-door RJ45 network access port.  Power for the components in

the compartment shall be supplied by a pre-wired, bus-connected control

transformer that is fused and has a disconnecting means.

2. The included communications components shall be managed Ethernet

Switches and Gateways.

E. Infrared Viewing Windows

1. Provide window for each section of switchgear, including front and back of

each section, if rear accessible

a. Window shall have a lens secured to the housing,

1) Lens shall be reinforced polymer optic material

b. Provide two labels affixed near each
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1) First label to identify what window it is and how to use it.

2) Second label shall address the following:

a) Unique window number

b) Document type of window and effective wavelength of the

window.

c) Record all target data, i.e. bus bar connections a 4 o’clock, etc.

2. Environmental rating: Equal to or better, to the original equipment enclosure

rating.

3. Size: 3 IN Diameter.

4. Acceptable Manufacturers:

a. IRISS

b. Approved equal.

2.10 ENCLOSURES

A. The switchgear described in these specifications shall be indoor construction,

with devices arranged as shown on contract drawings.

2.11 NAMEPLATES

A. Engraved nameplates, mounted on the face of the assembly, shall be furnished

for all main and feeder circuits as indicated on the drawings. Nameplates shall

be laminated plastic, black characters on white background, and secured with

screws. Characters shall be 3/16-inch high, minimum. Furnish master nameplate

for each switchgear lineup giving information in accordance with IEEE Std

C37.20.2-1999, section 7.4.1 and IEEE C37.20.7, section 6.3. Circuit nameplates

shall be provided with circuit designations as shown on purchaser’s single-line

diagrams.

B. Control components mounted within the assembly, such as fuse blocks, relays,

pushbuttons, switches, etc., shall be suitably marked for identification

corresponding to appropriate designations on manufacturer’s wiring diagrams.

C. Provide an approved mimic bus on front of switchgear assembly to

diagrammatically show the internal bus structure of the lineup.  Use symbols

similar to one-line diagram shown on drawings.
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2.12 FINISH

A. The finish shall consist of a coat of gray (ANSI-61), thermosetting, polyester

powder paint applied electrostatically to pre-cleaned and phosphatized steel and

aluminum for internal and external parts. The coating shall have corrosion

resistance of 600 hours to 5% salt spray.

2.13 ACCESSORIES

A. The switchgear manufacturer shall furnish accessories for test, inspection,

maintenance, and operation, including:

1. One (1) maintenance tool for manually charging the breaker closing spring

and manually opening the shutter.

2. One (1) levering crank for moving the breaker between test and connected

positions.

3. One (1) test jumper for electrically operating the breaker while out of its

compartment.

4. One (1) breaker lifting yoke used for attachment to breaker for lifting breaker

on or off compartment rails, when applicable

5. One (1) set of rail extensions, when applicable.

6. One (1) portable lifting device for lifting the breaker on or off the rails (5 and

15 kV only).

7. One (1) ramp for rolling breaker mounted in lower compartment directly onto

the floor (5 and 15 kV only).

8. One (1) test cabinet for testing electrically operated breakers outside

housing.

9. One (1) “dockable” transport dolly for moving breaker about outside its

compartment (5 and 15 kV only).

10. One (1) standard electrical levering device.

11. Spare Parts:

a. Spare current limiting fuses:

1) For 3 PH potential transformer banks:  Three (3) spares for each

fuse type and size.

2) For 1 PH potential transformers: Two (2) spares for each fuse type

and size.

3) For control power transformer: Two spares.

b. Spare fuses for AC auxiliary and DC control power: Two (2) spares for

each type and size used in switchgear.
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2.14 CORONA FREE DESIGN

A. The switchgear shall be corona free by design and shall be tested for partial

discharges in accordance with EEMAC standard G11-1. The corona discharges

measured during the tests shall be less than 100 picocoulombs.

B. The switchgear shall be equipped with factory installed partial discharge sensors

and relay for continuous monitoring of the partial discharges under normal

operation. The purpose of partial discharge sensing is to identify potential

insulation problems (insulation degradation) by trending of PD data over time so

that corrective actions can be planned and implemented before permanent

insulation deterioration develops.

C. The PD sensing and monitoring system shall consist of sensors and relay

specifically developed for such applications, such as Eaton’s RFCT sensor and

InsulGard relays, or equivalent. One RFCT sensor shall be installed over floating

stress shields of specially designed or line side primary bushings, at every two

vertical section for detection of partial discharges within the switchgear

compartments. An RFCT sensor shall also be provided for installation around

ground shields of the incoming or outgoing power cable termination for detection

of PD activity in the cables up to 100 feet from the switchgear. Output signals

from each RFCT shall be factory wired to PD monitoring relay for continuous

monitoring.

2.15 SWITCHGEAR REMOTE BREAKER OPERATOR SYSTEM

A. The switchgear shall have a PMCS based system for remote control of circuit

breakers from a touch screen operator interface terminal mounted on or near the

switchgear in the locations indicated on Project Drawing.  The PMCSs shall be

located in switchgear cubicle.  The PMCSs provided in the switchgear for remote

breaker operation will not communicate with the plant SCADA system.  A

schematic diagram for the system can be found on Project Drawing 03E901.

Cabling from the PMCS to individual circuit breaker cubicles shall be provided

and installed in the field in a control wireway added to the top of the switchgear.

Provide programming for PMCS and OIT.

2.16 CABLE TERMINATION

A. Provide PVC insulating boots for each cable termination spade.
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PART 3 - EXECUTION

3.1 FACTORY TESTING

A. The following standard factory tests shall be performed on the circuit breaker

element provided under this section. All tests shall be in accordance with the

latest version of ANSI standards.

1. Alignment test with master cell to verify all interfaces and interchangeability

2. Circuit breakers operated over the range of minimum to maximum control

voltage

3. Factory setting of contact gap

4. One-minute dielectric test per ANSI standards

5. Final inspections and quality checks

B. The following production test shall be performed on each breaker housing:

1. Alignment test with master breaker to verify interfaces

2. One-minute dielectric test per ANSI standards on primary and secondary

circuits

3. Partial discharge tests, when applicable.

4. Operation of wiring, relays and other devices verified by an operational

sequence test

5. Final inspection and quality check.

C. The manufacturer shall provide three (3) certified copies of factory test reports.

3.2 FIELD QUALITY CONTROL

A. A qualified factory-trained manufacturer’s representative shall certify in writing

that the equipment has been installed, adjusted and tested in accordance with

the manufacturer’s recommendations.

B. Protective Coordination:  See Section 26 05 73 “Overcurrent Protective Device

Coordination Study”.

1. The Contractor shall perform a protective coordination study for all relays in

the switchgear.

a. The study shall be closely coordinated with the Owner’s representative,

including a minimum of two (2) meetings.

b. The Engineer will provide model numbers of protective devices directly

ahead of and after the switchgear.
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c. The Contractor shall do all programming of the relays based on the

approved coordination study.

C. Acceptance Testing:  See Section 26 08 13.

3.3 MANUFACTURERS CERTIFICATION

A. A qualified factory-trained manufacturer’s representative shall certify in writing

that the equipment has been installed, adjusted and tested in accordance with

the manufacturer’s recommendations.

B. The Contractor shall provide three (3) copies of the manufacturer’s

representatives’ certification.

3.4 TRAINING

A. The Contractor shall provide a training session for up to five (5) owner’s

representatives for one (1) normal workdays at a jobsite location determined by

the owner.

B. A manufacturer’s qualified representative shall conduct the training session.

Training program shall include instructions on the assembly, circuit breaker,

protective devices, and other major components.

3.5 INSTALLATION

A. The Contractor shall install all equipment per the manufacturer’s

recommendations and contract drawings.

B. All necessary hardware to secure the assembly in place shall be provided by the

contractor.

3.6 FIELD ADJUSTMENTS

A. The relays shall be set in the field by a qualified representative of the

manufacturer, retained by the Contractor, in accordance with settings designated

in a coordinated study of the system as required elsewhere in the contract

documents.

END OF SECTION
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SECTION 26 13 26

ADJUSTABLE FREQUENCY DRIVES:  MEDIUM VOLTAGE

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Adjustable frequency drives for use with medium voltage motors.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the

Contract.

2. Division 01 - General Requirements.

3. Section 01 33 00 - Submittals.

4. Section 01 78 23 – Operation and Maintenance Data.

5. Division 40 – Process Integration.

6. Section 40 05 05 – Equipment: Basic Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in

associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment

for Work in this Section is included in total Stipulated Price.

1.3 WARRANTY

A. The adjustable frequency drive manufacturer shall furnish a written warranty

covering materials and workmanship for all equipment and materials provided

with the adjustable frequency drive including appurtenant items. The warranty

shall cover 100% of parts and labor for at least five years commencing on the

Date of Substantial Completion.

1.4 QUALITY ASSURANCE

A. Referenced Standards:

1. American National Standards Institute (ANSI).
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2. Canadian Standards Association (CSA).

3. ETL Testing Laboratories (ETL).

4. Institute of Electrical and Electronic Engineers (IEEE):

a. 399, Recommended Practice for Industrial and Commercial Power

Systems Analysis.

b. 519, Recommended Practices and Requirements for Harmonic Control

in Electrical Power Systems.

5. National Electrical Manufacturer's Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

b. ICS 6, Industrial Control and Systems:  Enclosures.

c. MG 1, Motors and Generators.

6. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).

7. Underwriters Laboratories, Inc. (UL):

a. 508, Standard for Safety Industrial Control Equipment.

b. UL 347A Standard for Medium Voltage Power Conversion Equipment,

Latest Edition

B. The entire AFD System shall be factory assembled and tested by the AFD

manufacturer.

C. Coordination:

1. AFD manufacturer shall verify with the driven equipment manufacturer that

the AFD and the drive motor are compatible and that the AFD will operate

the driven equipment motor over its required operating range and will do so

without exceeding the motor or AFD safety factors.

2. AFD shall be supplied complete with all required control components.

a. Provide control as indicated on the electrical drawings, specified in this

Specification Section and specified in the control system sequences of

operation.

b. AFD manufacturer shall review the application and provide, at no

additional cost to the Owner, the hardware and software necessary to

allow the AFD to control the driven equipment motor over its required

operating range.

1) These may include, but are not limited to, analog and digital interface

modules, communication interface modules, switches, lights and other

devices.
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c. Coordinate control devices with devices furnished with driven equipment

such as vibration switches, thermal sensors, leak detectors, etc.

3. Verify plan dimensions with equipment space requirements as indicated on

the Drawings.

a. Equipment which exceeds the allotted maximum dimensions may not be

acceptable.

b. Equipment which reduces clear work space below the minimums

established by the NEC will not be acceptable.

D. Qualifications:

1. AFD supplier shall have a minimum of 10 years’ experience in medium

voltage AFDs.

2. AFD supplier shall maintain an authorized service organization within 120

miles of the project site.

1.5 DEFINITIONS

A. Terms

1. Adjustable Torque – Defines a load characteristic in which the torque

delivered from the motor to the load is reduced as speed is reduced below

full rated.  This type of load permits the AFD and the motor to operate at

reduced output current at reduced speed.

2. Constant Torque – Defines a load characteristic in which the torque delivered

from the motor to the load remains constant as speed is varied.  This type of

load requires the AFD to be able to continuously deliver rated output current

over the entire speed range.

3. Constant Horsepower – Defines a load characteristic in which the torque

delivered from the motor to the load is reduced as the speed is increased.

This characteristic is required for operation of the AFD and motor above rated

frequency to maintain output current within the rated value.

B. Abbreviations

1. CPT – Control Power Transformer
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1.6 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and

administration of the submittal process within 14 calendar days of issue date

in OWNER’s Written Notice to Award Letter. No “or-equal” items will be

considered.

2. Submit AFD Shop Drawings concurrently with driven equipment and motor

Shop Drawings.

3. Schedule of AFDs for the project listing for each AFD:

a. Equipment Tag Number.

b. AFD Complete Catalog Number.

c. AFD Frame Size.

d. Adjustable Torque Rating Basis.

e. Rated Input Current.

f. Rated Continuous Output Current.

g. Rated Short Circuit Current.

h. AFD features provided to meet harmonic or motor protection

specifications.

4. Product technical data including:

a. Complete electrical ratings and performance specifications confirming

compliance with specified ratings and performance.

b. Maximum rate of heat rejection from AFD and all related components

and associated cooling requirements for 505, 75% and 100% of torque

load, service factor and at maximum AFD amps.

c. Maximum input and output AFD amps.

d. Manufacturer’s installation instructions.

e. Manufacturer’s programming and operating instructions.

5. Fabrication and/or layout drawings:

a. Top, front and side exterior views, with details showing maximum overall

dimensions of enclosure, mounting provisions and conduit/cable entry

provisions.

b. Identify minimum clearances from other AFDs or electrical equipment

required for proper cooling at top, bottom, sides and back of enclosure.

c. Three (3) line diagrams showing AC schematic of AFD, input, output and

bypass devices including device ratings.
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d. Interior layout drawings showing location of all components within

enclosure, field wiring terminal boards, and power and grounding

connections.

e. Field wiring diagrams showing locations and sizes of all electrical

connections, ground terminations, and requirements for shielded wire

usage or any other special installation considerations.

6. Certifications:

a. Submit with Shop Drawings:

1) Letter from the AFD manufacturer stating that the specific application

has been reviewed and that the AFD will satisfy the drive duties

required with the actual motor furnished.

2) Identification and location of closest authorized service organization.

3) Harmonic analysis required by PART 2 of this Specification Section.

b. Submit prior to shipment:

1) Certified factory test reports confirming compliance with specified

requirements.

2) Torsional Analysis

c. Submit after installation:

1) Certified field service reports showing:

a) Each AFD is operational.

b) Each AFD and its driven equipment motor is compatible.

c) Each AFD responds correctly to the input control signals.

d) Critical frequencies of the drive system and that the AFD has been

set to lockout these frequencies.

e) Measured harmonic levels as required by Part 2 of this

Specification Section

B. Operations and Maintenance Manuals:

1. See Specification Section 01 33 00 and Specification Section 01 78 23 for

requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

2. Approved copy of AFD schedule.

3. Manufacturers’ instruction manuals.

4. Troubleshooting procedures with a cross-reference between symptoms and

corrective recommendations.



ADJUSTABLE FREQUENCY DRIVES: WHCRWA
MEDIUM VOLTAGE CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
ADJUSTABLE FREQUENCY DRIVES:  MEDIUM VOLTAGE

26 13 26 - 6 OF 20

5. Connection data to permit removal and installation of recommended smallest

field-replaceable parts.

6. Commissioning sheets showing "as-left" values of all user-programmable or

adjustable drive parameters

7. Provide all software for interfacing with laptop computer.

8. Field Test reports.

C. Spare Parts:

1. Furnish spare parts that match products installed and that are packaged with

protective covering for storage and identified with labels describing contents.

a. Three (3) of each type of power and control fuse.

b. Eight (8) of each type of power semiconductor (SCR, GTO, IGBT, IGCT

Power diode, etc.) used in the converter/rectifier or inverter.

c. Eight (8) of each type or size of DC link capacitor.

d. Two (2) of each type or size of input and output filter capacitor.

e. Five (5) of each type of pilot lamp.

f. One (1) of each control printed circuit board, two of each type gate firing

boards, including all diagnostic system printed circuit boards.

g. One (1) complete modular power cell module.

h. Four (4) replacement air filters of each type required per AFD system.

i. Provide six (6) spare fuses of each motor size AFD system

j. Provide manufacturers published recommended spare parts list.

k. All spare parts supplied shall be properly labeled and packaged for ease

of identification.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Manufacturers:  Subject to compliance with requirements, provide products by

one of the following:

1. Siemens Sinamics Perfect Harmony with Redundant Cell Bypass (preferred)

2. Eaton Corporation

3. Rockwell Automation; Allen-Bradley Co.

B. Submit request for substitution in accordance with Specification Section

01 25 13.
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2.2 DRIVE CONFIGURATIONS

A. All drives furnished on this project shall be of the voltage-source or current-source

sine-coded PWM inverter configuration.

B. PWM-Type Drives:

1. Space-vector sine-coded constant amplitude, pulse-width modulated output

voltage.

2. Provided with DC link reactor to limit device dI/dt.

3. Microprocessor-based control system.

4. Inverter output switching devices shall be power transistors or gate-turn-off

devices.

2.3 GENERAL REQUIREMENTS

A. This specification covers the complete spectrum of labor, materials, equipment,

manufacturing, testing, shipment, startup, training, warranty, spare parts, etc.

required for the purchase of a fully engineered, manufactured, and tested,

medium voltage, voltage source, AC adjustable frequency drive (AFD). The AFD

system shall be designed in full consideration of all requirements for the

completely coordinated operation of a adjustable torque application to control the

speed of 4160, 3 phase, 60 Hz induction and converted wound rotor induction

motors with existing vertical centrifugal pumps.

B. Furnish and install AFD as indicated.

1. A multi-pulse, phase-shifting, input rectifier-grade isolation transformer

2. AFD converters

3. DC-link.

4. AFD output isolation switch and vacuum contactor with load side connection

lugs for shielded cables with stress cones for output cables to the associated

motor.

5. AFD input, fused, complete with line side connection lugs for shielded cables

with stress cones

6. A kirk-key interlocked between the 5 kV metal-clad switchgear and AFD

control station. AFD shall assume full mechanical interlocking between AFD

and the metal clad switchgear.

7. Each AFD shall be of sufficient capacity and provide a quality of output

waveform so as to achieve full rated output of its motor.
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8. The drive shall be capable of operating any standard NEMA Design B squirrel

cage induction motor of the same horsepower and voltage rating with 1.15

service factor from 10 percent to 115 percent of the motor rated full load

current continuously.

9. AFD equipment shall include all devices for redundant cell or back-up

operation feature. The basic operation of the AFD will include the isolation

and notification of a cell failure or non-performance event. The redundant cell

shall maintain motor operation through this event without any decrease in

motor speed range or capability. The defective cell will be transferred to an

off-line status and notify the plant operations through the main control room

HMI monitoring system.

10. The maximum available physical space is shown on the drawings. All

equipment will be within the restricted area. Equipment will not be considered

if it does not comply.

C. Provide drive designed for adjustable torque load as required for the driven pump

application.

D. Provide drives that are listed and labeled by UL, CSA or ETL.

1. All components added to the standard factory drive configuration for project-

specific control requirements shall be UL or CSA listed or component-

recognized.

2. Custom enclosures shall comply with NEMA ICS 6 and UL 508.

3. All modifications shall comply with UL 508.

4. Provide field inspection, certification and labeling of modified drives by the

listing agency if required by the agency to maintain the validity of the factory

listing.

5. Designed for installation in compliance with NFPA 70.

E. Provide drives with an input fused load break disconnect switch, isolation

transformer, and AFD converter.

F. The AFD system will consist of the components and enclosures shown on the AFD

one-line diagram, plan\drawings, in addition to the manufacturer's standard

components and devices. The AFD shall be capable of operating and controlling

the speed of 4000 V, 3-phase, 60 Hz induction motor driving a centrifugal pump.

Power to the AFD will be derived from the utility 4160 V power source. The AFD

shall be equipped with the following feature.
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G. The AFD shall be equipped with the “Failed Switch Bypass and Ride Through

Capability.” The failure of any power switching device or switching control device

shall be automatically bypassed within 1/2 second and shall allow for continued

operation of the AFD system until repairs can be made AFD.

H. AFD system shall maintain a 0.95 minimum true power factor from 30 percent to

100 percent speed.

1. AFD system including power factor correction and/or harmonic filter shall

never have a leading power factor under utility or generator operation.

2. AFD manufacturer is to supply a power factor correction system, if required,

to meet this requirement.

3. Power factor correction unit shall include a separate input isolating contactor

with fuses, power factor correction grade capacitors (5 KV class), and series

harmonic de-coupling reactors, all mounted and wired in a NEMA 1

enclosure.

I. Provide AFD with the following ratings:

1. Guaranteed minimum AFD system efficiency:

a. At 100 percent speed and 100 percent load: above 96 percent.

b. At 100 percent speed to 50 percent load range: above 95 percent.

c. Includes losses of transformers, filters, and any auxiliary controls.

2. Minimum input displacement power factor:  95 percent:

3. Input voltage:  4160 V +10 percent; 3 PH, 57 to 63 Hz.

4. Output voltage:  0 to 4160 V +5 percent; 3 PH 6-60 Hz.

5. Output frequency stability:  Manufacturer's standard.

6. Ambient temperature:  0 to 40 Deg C.

7. Altitude:  Sea level to 3300 FT above MSL.

8. Current rating:  100 percent rated continuous current, 150 percent rated

current for one minute, at rated temperature.

9. Overload capacity:  115 percent of rated current for one minute at rated

temperature.

10. Short circuit rating 25kA RMS SYM, minimum.

11. Voltage dip ride-through:  30 percent in nominal line voltage.

J. The input section shall contain a suitably rated, load break disconnect switch with

fuses, or isolator switch and contactor with fuses, interlocked with the door.

1. For safety, blade position shall be visible through the door.

2. Input and output power terminations shall be located in this section and shall

be suitable for top entry and bottom exit.
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3. Provide minimum 12 IN additional width to the incoming section to

accommodate cable bending.

4. No additional depth will be allowed.

K. The AFD is to be supplied with a drive isolation transformer to provide phase

shifting for 18 pulse or higher converter bridge, or active front end rectifier with

integral input line reactor and common mode voltage protection.

1. Transformer shall be designed to provide common mode voltage protection

of the customer motor, allowing the use of motors with standard 5 KV class

insulation systems.

2. AFDs utilizing input three phase AC line reactors which require motors

equipped with special 10-13 KV insulation systems are not acceptable and

will not be allowed as alternate bid.

L. Transformer design to be a rectifier grade isolation type with a K-Factor of 12 for

adjustable torque loads when applied to a SCR converter.

1. A K-Factor of 6 is required for diode rectifier converters.

2. Transformer is to be of dry type construction, minimum 125C rise and 220C

insulation with over-temperature protection.

M. The converter section shall be 18-pulse minimum utilizing SCRs or diodes, or

active front end utilizing 65 PIV rate devices with non-rupture/non-arcing failure

mode and integral gate driver boards.  Device changeout shall not require

removal of the entire power cell or any special tools for active front end.

1. The converter section shall rectify the 3 PH AC to DC power feeding the DC

link section.

N. The AFD output shall produce no electrically-induced pulsating torques to the

output shaft of the mechanical system eliminating the possibility of exciting a

resonance caused by AFD-induced torque pulsations.

1. Six-step and 12-step output type AFDs or others which produce torque

pulsations will require a torsional analysis to be supplied by the AFD

manufacturer as part of the scope of supply.

2. The price of the torsional analysis shall be included in the base price of the

AFD.

3. Manufacturers of AFDs which produce torque pulsations of amplitudes

greater than 1 percent per unit shall be required to supply the additional cost

for special couplings, which is determined from the torsional analysis.
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O. Input section to transformer shall include high power surge arrestors to protect

input transformer and AFD against voltage surges.

P. The control logic section shall be fully digital and not require analog adjustment

pots or fixed selector resistors.

1. The microprocessor shall be a 16-bit arithmetic logic unit. 8K-bytes of

supplementary on-board static RAM shall be furnished.

2. The program memory shall be stored in a 2-megabyte electrically

programmable ROM.

Q. Fault log data storage memory shall be powered from a UPS with at least a 6 HR

capability, or provide hard copy.

2.4 OPERATOR AND REMOTE CONTROL INTERFACE

A. Drive controls shall be microprocessor-based with on-board human machine

interface and both local and remote digital communications capability.

1. All monitoring and control functions, other than those shutdowns specified to

be manual reset only, shall be available both locally and remotely.

B. Control circuits shall be 120 Vac or 24 Vac or 24 Vdc.

1. 120 Vac supplied by CPT in the AFD.

a. CPT shall have minimum additional capacity of 50 percent greater than

that required by control devices.

b. CPT shall have two (2) fuses on the primary side and one (1) fuse on the

secondary side.

c. CPT shall have surge protection on the primary side independent of any

other surge protection in the AFD.

2. 24 Vac or 24 Vdc supplied by Class 2 power supply in the AFD.

a. Power supply shall have minimum additional capacity of 33 percent

greater than that required by control devices.

b. Provide two (2) current-limiting fuses on the AC supply to the power

supply.

c. Power supply shall have surge protection on the primary side

independent of any other surge protection in the AFD.
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C. Operator Interface:

1. Door mounted sealed keypad, membrane type with LED or LCD display.

a. Messages shall be in English and engineering units.

b. Drive operating parameters shall be programmable.

c. Menu driven.

d. Password security.

e. Display fault and diagnostic data.

f. Operating parameters, fault and diagnostic data maintained in non-

volatile memory with historic log of fault and diagnostic data.

g. Gold plated plug-in contacts.

2. Provide indication and control interface, integral in the keypad, as required in

the sequence of operation and Drawings.

a. Minimum indications:

1) Run.

2) Stop.

3) Ready.

4) Alarm.

5) Fault.

6) Local control.

7) Remote control.

8) Control source local.

9) Control source remote.

10) Speed indication.

b. Minimum control functions:

1) Local/Remote switch.

2) Stop button.

3) Start button.

4) Reset button.

5) Speed control buttons.

3. Hand Control and Pilot Devices

a. Provide status indicators and operating controls associated with drive

control on front door of enclosure as shown on Drawings.

b. Push-Button Stations, Pilot Lights, and Selector Switches:  NEMA ICS 2,

heavy-duty type.

D. Remote Control Interface:

1. Local portable computer interface via RS-422 serial communications port:
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a. Capability to:

1) Start-Stop AFD.

2) Control AFD Speed.

3) Access fault and diagnostic data.

2. Analog and discrete inputs:

a. Speed reference (setpoint) signal 4-20 mA DC.

b. Isolated process PID controller with user-programmable setpoint, gain,

rate, reset and span for accepting a remote 4-20 mA DC process

adjustable signal.

3. Analog and discrete outputs:

a. 4-20 mA DC output for remote speed indication, as a function of

frequency, calibrated 0 to 100 percent.

b. Drive FAULT contacts.

c. Drive RUNNING contacts.

d. Drive selector switch in HAND and AUTO status contacts.

4. Contacts:

a. Contacts shall be rated 2 A inductive at 120 Vac.

b. All contacts shall be wired to field wiring terminal boards.

5. Drive shutdown on external fault input:

a. Provide isolated input for dry contact from external motor or system

safety devices to cause immediate shutdown of AFD.

b. Safety shutdown to be operable in all operating modes of drive, including

local operation from keypad.

c. Local safety switch, to driven equipment, auxiliary contact to lock-out

AFD from running when safety switch is open.

6. Failed Power Electronic Ride-Through Capability

a. If power-electronic bypass feature is included, the failure of any power

switching device (SCR, diode, IGBT, IGCT, etc.) in both the converter

and inverter sections and/or switching device control circuitry shall not

result in a process trip and shall allow for continued operation of the AFD

system. In the event of a device or device control failure, the AFD shall

annunciate and identify the specific location of the failed device and allow

for continued operation until such time as repairs can be scheduled.

b. The power-electronic bypass feature shall meet the following

requirements:
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1) Only mechanical bypass is acceptable to improve bypass reliability. If

electronic bypass is offered, independent communication between the

bypass system and the drive control is required.

2) In case of a fault bypass shall engage within 250 milliseconds or less.

c. With a single power module in bypass system shall maintain as a

minimum 83% of output voltage without extra modules, the AFD shall

maintain the required speed. Output voltage shall be optimized when

AFD is in bypass without inducing torque pulsations.

d. A redundant bank of cells/modules/section shall be available as an option

to provide 100% of current and voltage. This option will provide 3 extra

power cells in the AFD. When a cell fails it will be bypassed. The AFD

can have up to 3 cells failed, one in each phase, and maintain 100%

voltage output to the motor.

e. The feature shall be demonstrated and documented during the factory

acceptance testing of the AFD system.

7. Network communications capability:

a. Provide AFD with communication card, protocol and required

programming for digital communication of all AFD program and

operational parameters to plant control system via:

1) Ethernet IP

b. Refer to Division 40 for additional requirements.

2.5 BASIC FEATURES

A. Protection Features:

1. Transient protection.

2. Undervoltage and/or power loss protection.

3. Current-limiting semiconductor fuses.

4. Single-phasing protection.

5. Insensitive to input phase sequence.

6. Motor regeneration due to backspin.

7. Provide Motor Management Relay for motor protection and monitoring with

the AFD protection features.

B. Drive Trip Conditions:

1. Static instantaneous overcurrent and overvoltage.

2. Output short circuit.

3. Output ground fault.
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4. Excessive internal temperature.

5. Semiconductor overtemperature.

6. Open-circuited output device.

7. Blown fuse.

8. Control circuit failure.

9. Trip conditions provided by motor management relay.

C. Controller Adjustments:

1. PID control enable/disable.

2. Setpoint selector.

3. Proportional band select.

4. Reset time select.

5. Rate time select.

6. Input signal scaling.

7. Input signal select

8. Auto start functions:  On/Off, Delay On/Off, Level Select On/Off.

9. Speed profile:  Entry, exit, point select.

10. Minimum, maximum speed select.

11. Inverse profile select.

12. Critical speed avoidance select.

D. Momentary Power Interruption Ride-through/Coasting Motor Restart:

1. In case of medium voltage line loss, the user shall be able to select either 0.5

seconds ride-through with all cells functional or to maintain flux on the

machine to reduce restart time depending on customer application. The AFD

system must be capable of continuous operation in the event of a power loss

of a minimum of 5 cycles with 1 or more cells not functional.

2. The AFD system must be capable of automatically restarting in the event of

a momentary loss of power. The AFD system shall provide the user with the

choice of automatically restarting or not. A safety device (hard key or

password) must be available to allow enabling, disabling, and setting

changes to this feature only by authorized personnel. The user shall be able

to selectively apply this feature and have the ability to set the allowable restart

time applicable to some (but not necessarily all) conditions as determined by

the user to be appropriate for the specific application.

E. Sustained Power Failure:

1. With selector switch in AUTO position drive shall provide unattended restart

upon receipt of a remote start signal.
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a. Local or remote reset shall not be required.

2. With selector switch in HAND position drive shall not restart until local manual

reset pushbutton is actuated.

F. Space heaters shall be provided for each section to prevent condensation.  AC

control voltage for space heaters shall be provided by purchaser from a remote

source.

2.6 HARMONIC PROTECTION REQUIREMENTS

A. All AFDs shall be capable of satisfactory operation from a source having voltage

distortion and notch characteristics identified as acceptable for a "dedicated

system" in IEEE 519, Table 10.2.

B. With all AFDs operating under worst-case harmonic current conditions and the

facility supplied from either or both the utility and generator sources, the AFDs

shall not produce harmonic effects in excess of the following limits at the 4.16 kV

bus.

1. Voltage distortion and notch characteristics:  IEEE 519, Table 10.2 for

Special Applications.

2. Current distortion:  IEEE 519, Table 10.3 based on ISC/IL < 20.

C. AFD manufacturer shall determine, for their proposed equipment, uncorrected

harmonic distortion levels and mitigation techniques required to meet the

specified limits and shall furnish the AFD types and all accessory items and

equipment necessary to do so, whether specified herein or not.

D. AFD manufacturer shall provide a harmonic analysis of the distribution system

based on their proposed specific equipment characteristics and mitigation

techniques confirming that the specified levels are not exceeded.

1. Analysis shall be based on the methodology of IEEE 519 and IEEE 399.

2. Submit analysis with AFD Shop Drawings.

3. Power system data for analysis shall be taken from the electrical drawings

and approved equipment submittals.

4. Submit harmonic analysis with AFD Shop Drawings.

E. Following start-up, with facility at full load operation, provide measurement of

harmonic voltage, current and notch characteristics at each PCC according to the

requirements of IEEE 519, Section 9.
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1. Values in excess of specified limits require correction by contractor and re-

measurement.

2. Provide certification of compliant measurements as part of Field Service

Engineer’s final report.

2.7 SOURCE QUALITY CONTROL

A. Factory Tests:

1. Conduct all standard tests in accordance with NEMA and ANSI standards to

ensure conformance to specification requirements.

2. Prior to final assembly:

a. Incoming inspection of all components.

b. 100 percent test and inspection of all power devices and integrated

circuits.

1) Functional tests.

2) Temperature cycling test, 0 to 50 DegC for 50 HRS.

3. Subsequent to final assembly:

a. Continuity and insulation test of 4160 Vac circuits.

1) Use minimum test voltage of 10 kV DC.

b. Drive tests:

1) Line-to-line and line-to-ground fault tests with AFD at full load.

a) Electronic fault protection circuitry shall initiate trip prior to any

device failure.

2) Verify all auxiliary circuits operational.

3) After final assembly of the complete engineered product, the drive

system shall be connected to a motor (load) to ensure it will drive the

motor and the controls will function properly.

4) After burn-in cycle is complete, AFD shall undergo a 30-minute cycling

motor load test.

c. Systems test:

1) Provide inputs to field connections and simulate on-site operation.

2) Test all auxiliary equipment.

4. Efficiency evaluation:

a. Each AFD system shall be factory tested for efficiency using a

dynamometer, or test with a calibrated resistive/inductive load.

b. The system will include all transformer losses, filters, and all other

auxiliaries.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Install products in accordance with manufacturer's instructions and as indicated

on the Drawings.

B. Verify the installed motor nameplate electrical requirements do not exceed the

AFD capacity.

3.2 FIELD QUALITY CONTROL

A. Comply with Specification Section 40 05 05.

B. Comply with manufacturer's written instructions

C. Employ and pay for services of manufacturer's Field Service Engineer to perform

start-up services:

1. Inspect equipment covered by this Specification Section.

2. Supervise final adjustments, calibration, and installation check.

3. Simulate input signals to operate equipment.

4. Complete start-up to full operational status.

5. Provide start-up services report certified by manufacturer stating that drive is

installed in accordance with manufacturer's instructions, has been fully

tested, and is operating properly.

D. Manufacturer’s Field Service Engineer to test bus voltages with drive in service

under load for compliance with "Certifications" previously specified.

1. Provide certified test report addressing IEEE 519 true power factor and

efficiency.

E. Provide on-site instruction and training for Owner's personnel in drive theory,

operation, maintenance and repair:

1. Provide on-site for training and start-up supervision.

2. Provide training personnel qualified by education, factory-training and field

experience with the specific equipment furnished on this Project.
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3. The AFD system manufacturer shall provide training classes for operational

maintenance and service personnel. These classes shall occur at the pump

station site. This training shall involve no less than ten personnel and be

broken into two sessions of five (5) students per session. Classes shall

involve no less than forty (40) teacher manhours of training per session.

These training classes shall include a copy of formally prepared, three ring

binder bound, manuals and two (2) CD manuals (in .pdf format) for each

person attending the classes that cover all involved aspects of the AFD

system, including discussions on the theory of design and operation of the

equipment, practical hands-on operation of the actual equipment furnished,

maintenance, trouble-shooting, and service methods. Topics covered shall

include hardware layout and functions, power & control wiring, diagnostic

indicators, keypad/display interface, software mapping, programming, setup,

configuration, control loop tuning, operational metering and i nd i ca t or  units,

faults, diagnostic tools, troubleshooting, and preventive maintenance.

Documentation shall be provided which shall include a complete copy of all

involved manuals for the equipment, drawings, and schematics of all

equipment supplied.

4. A proposed syllabus shall be submitted for approval prior to training.

5. A DVD video shall be made of the training session and provided for future

reference and training.

F. Start-Up

1. The AFD system manufacturer shall provide the on-site field services of a

factory technician for a period of no less than one week and no more than two

weeks to supervise and inspect the installation, testing, and start-up all

equipment provided as part of the initial AFD system provided. This spectrum

of start-up services shall be provided as a part of this construction contract as

well as the subsequent construction contract for the installation of the second

AFD system that will be installed by another contractor. This field service

person shall be available for such efforts with no more than one week written

notice. The cost shall be included all involved costs such as travel and living

expenses in addition to the field service person's time required to complete

supervision of the installation, testing and start-up. All equipment required for

testing, start-up and performance verification shall be provided by the start-

up technician at no additional cost.
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2. AFD system input harmonic voltage and current distortion limits specified

shall be verified at rated speed and rated power as part of final startup and

acceptance through the AFD system manufacturer supplied testing

equipment. This verification is required of the AFD system manufacturer.

END OF SECTION
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SECTION 26 22 13 

DRY-TYPE TRANSFORMERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Dry-type transformers, 1000 kVA and less. 

2. Transformers mounted in Motor Control Centers (see Specification Section 
26 24 19). 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 10 14 00 - Identification Devices 

4. Section 26 05 00 - Common Work Results for Electrical. 

5. Section 26 05 26 - Grounding. 

6. Section 26 24 19 - Motor Control Equipment. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Institute of Electrical and Electronics Engineers, Inc. (IEEE): 

a. C57.96, Guide for Loading Dry-Type Distribution and Power 
Transformers. 

2. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

b. ST 20, Dry-Type Transformers for General Applications. 

c. TP 1, Guide for Determining Energy Efficiency for Distribution 
Transformers. 

3. Underwriters Laboratories, Inc. (UL): 

a. 506, Standard for Safety Specialty Transformers. 
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b. 1561, Standard for Safety Dry-Type General Purpose and Power 
Transformers. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data: 

a. Provide submittal data for all products specified in PART 2 of this 
Specification Section. 

b. See Specification Section 26 05 00 for additional requirements. 

3. Fabrication and/or layout drawings. 

a. Nameplate drawing. 

4. Certifications: 

a. Sound level certifications. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 and Specification Section 01 78 23 for 
requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Cutler-Hammer. 

2. General Electric Company. 

3. Square D Company. 

4. Siemens. 

5. Sola/Hevi-Duty. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 GENERAL PURPOSE DRY-TYPE TRANSFORMERS 

A. Ventilated or non-ventilated, air cooled, two (2) winding type. 

B. Cores: 

1. High grade, non-aging silicon steel with high magnetic permeability, and low 
hysteresis and eddy current losses. 
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2. Magnetic flux densities are to be kept well below the saturation point. 

C. Coils:  Continuous wound with electrical grade aluminum. 

D. Ventilated Units: 

1. Core and coils assembly impregnated with non-hygroscopic, thermosetting 
varnish and cured to reduce hot spots and seal out moisture, and 
completely isolated from the enclosure by means of vibration dampening 
pads. 

2. Dripproof, NEMA 1, steel enclosure finished with a weather-resistant 
enamel and ventilation openings protected from falling dirt. 

E. Furnish Taps for Transformers as follows: 

1. 1 PH, 2 kVA and below:  None. 

2. 1 PH, 3 to 25 kVA:  Two (2) 5 percent FCBN. 

3. 1 PH, 25 kVA and above:  Two (2) 2.5 percent FCAN and four (4) 2.5 
percent FCBN. 

4. 3 PH, 3 to 15 kVA:  Two (2) 5 percent FCBN. 

5. 3 PH, 15 kVA and above:  Two (2) 2.5 percent FCAN and four (4) 2.5 
percent FCBN. 

F. Sound Levels: 

1. Manufacturer shall guarantee not to exceed the following: 

a. Up to 9 kVA:  40 dB. 

b. 10 to 50 kVA:  45 dB. 

c. 51 to 150 kVA:  50 dB. 

d. 151 to 300 kVA:  55 dB. 

G. Efficiency: 

1. Ventilated, 15 kVA and larger:  Energy efficient meeting NEMA TP 1 
requirements. 

H. Insulating Material (600 V and below): 

1. Below 15 kVA units:  185 DegC insulation system with a 115 DegC rise. 

2. 15 kVA and above units:  220 DegC insulation system with a 150 DegC 
rise. 

I. Ratings:  60 Hz, voltage, KVA and phase,s. 

J. Finish:  Rust inhibited primer and manufacturers standard paint inside and out. 

K. Standards:  IEEE C57.96, NEMA ST 20, NEMA TP 1, UL 506, UL 1561. 

2.3 DISTRIBUTION TRANSFORMERS 

A. Comply with NFPA 70, and list and label as complying with UL 1561. 
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B. Cores: Electrical grade, non-aging silicon steel with high permeability and low 
hysteresis losses. 

1. One leg per phase. 

2. Core volume shall allow efficient transformer operation at 10 percent above 
the nominal tap voltage. 

3. Grounded to enclosure. 

C. Coils: Continuous windings without splices except for taps. 

1. Coil Material: Copper. 

2. Internal Coil Connections: Brazed or pressure type. 

3. Terminal Connections: Bolted. 

D. Encapsulation: Transformers smaller than 30 kVA shall have core and coils 
completely resin encapsulated. 

E. Enclosure: Ventilated. 

1. NEMA 250, Type 2: Core and coil shall be encapsulated within resin 
compound using a vacuum-pressure impregnation process to seal out 
moisture and air. 

2. KVA Ratings: Based on convection cooling only and not relying on auxiliary 
fans. 

3. Wiring Compartment: Sized for conduit entry and wiring installation. 

4. Finish: Comply with NEMA 250. 

a. Finish Color: Gray weather-resistant enamel. 

F. Enclosure: Ventilated. 

1. NEMA 250, Type 4X, Stainless Steel: Core and coil shall be encapsulated 
within resin compound, sealing out moisture and air. 

2. Wiring Compartment: Sized for conduit entry and wiring installation. 

G. Taps for Transformers 3 kVA and Smaller: One 5 percent tap above normal full 
capacity. 

H. Taps for Transformers 7.5 to 24 kVA: Two 5 percent taps below rated voltage. 

I. Taps for Transformers 25 kVA and Larger: Two 2.5 percent taps above and four 
2.5 percent taps below normal full capacity. 

J. Insulation Class, Smaller Than 30 kVA: 180 deg C, UL-component-recognized 
insulation system with a maximum of 115 deg C rise above 40 deg C ambient 
temperature. 

K. Insulation Class, 30 kVA and Larger: 220 deg C, UL-component-recognized 
insulation system with a maximum of 150 deg C rise above 40 deg C ambient 
temperature. 
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L. Grounding: Provide ground-bar kit or a ground bar installed on the inside of the 
transformer enclosure. 

M. K-Factor Rating: Transformers indicated to be K-factor rated shall comply with 
UL 1561 requirements for nonsinusoidal load current-handling capability to the 
degree defined by designated K-factor. 

1. Unit shall not overheat when carrying full-load current with harmonic 
distortion corresponding to designated K-factor, without exceeding the 
indicated insulation class in a 40 deg C maximum ambient and a 24-hour 
average ambient of 30 deg C. 

2. Indicate value of K-factor on transformer nameplate. 

3. Unit shall comply with requirements of DOE 2016 efficiency levels when 
tested according to NEMA TP 2 with a K-factor equal to one. 

N. Electrostatic Shielding: Each winding shall have an independent, single, full-
width copper electrostatic shield arranged to minimize interwinding capacitance. 

1. Arrange coil leads and terminal strips to minimize capacitive coupling 
between input and output terminals. 

2. Include special terminal for grounding the shield. 

O. Neutral: Rated 200 percent of full load current for K-factor-rated transformers. 

P. Wall Brackets: Manufacturer's standard brackets. 

Q. Low-Sound-Level Requirements: Maximum sound levels when factory tested 
according to IEEE C57.12.91, as follows: 

1. 9.00 kVA and Less: 40 dBA. 

2. 9.01 to 30.00 kVA: 45 dBA. 

3. 30.01 to 50.00 kVA: 45 dBA for K-factors of 1, 4, and 9 and 48 dBA for K-
factors of 13 and 20. 

4. 50.01 to 150.00 kVA: 50 dBA for K-factors of 1, 4, and 9 and 53 dBA for K-
factors of 13 and 20. 

5. 150.01 to 300.00 kVA: 55 dBA for K-factors of 1, 4, and 9 and 58 dBA for K-
factors of 13 and 20. 

6. 300.01 to 500.00 kVA: 60 dBA for K-factors of 1, 4, and 9 and 63 dBA for K-
factors of 13 and 20. 

7. 500.01 to 700.00: 62 dBA for K-factors of 1, 4, and 9 and 65 dBA for K-
factors of 13 and 20. 

8. 700.01 to 1000.00: 64 dBA for K-factors of 1, 4, and 9 and 67 dBA for K-
factors of 13 and 20. 
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2.4 IDENTIFICATION 

A. Nameplates: Engraved, laminated-acrylic or melamine plastic signs for each 
distribution transformer, mounted with corrosion-resistant screws. Nameplates 
and label products are specified in Section 10 14 00 "Identification Devices". 

2.5 SOURCE QUALITY CONTROL 

A. Test and inspect transformers according to IEEE C57.12.01 and IEEE 
C57.12.91. 

1. Resistance measurements of all windings at rated voltage connections and 
at all tap connections. 

2. Ratio tests at rated voltage connections and at all tap connections. 

3. Phase relation and polarity tests at rated voltage connections. 

4. No load losses, and excitation current and rated voltage at rated voltage 
connections. 

5. Impedance and load losses at rated current and rated frequency at rated 
voltage connections. 

6. Applied and induced tensile tests. 

7. Regulation and efficiency at rated load and voltage. 

8. Insulation-Resistance Tests: 

a. High-voltage to ground. 

b. Low-voltage to ground. 

c. High-voltage to low-voltage. 

9. Temperature tests. 

B. Factory Sound-Level Tests: Conduct prototype sound-level tests on production-
line products. 

 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Indoor Locations: 

1. Provide ventilated type. 

2. Mount 9 kVA units and below on wall. 

3. Mount 15 kVA units and above on chamfered 4 IN high concrete 
housekeeping pad or from wall and/or ceiling, at 7 FT above finished floor, 
using equipment support brackets per Specification Section 26 05 00. 

4. Provide rubber vibrations isolation pads. 
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C. Enclosures:  Painted steel in all areas except 304 or 316 stainless steel in 
highly corrosive areas. 

D. Ground in accordance with Specification Section 26 05 26. 

E. Install wall-mounted transformers level and plumb with wall brackets fabricated 
by transformer manufacturer. 

1. Coordinate installation of wall-mounted and structure-hanging supports with 
actual transformer provided. 

F. Install transformers level and plumb on a concrete base with vibration-
dampening supports. Locate transformers away from corners and not parallel to 
adjacent wall surface. 

G. Construct concrete bases in accordance with Division 03 "Concrete" and anchor 
floor-mounted transformers according to manufacturer's written instructions and 
requirements in Section 26 05 29 "Hangers and Supports for Electrical 
Systems." 

1. Coordinate size and location of concrete bases with actual transformer 
provided. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and 
formwork requirements are specified with concrete. 

H. Secure transformer to concrete base according to manufacturer's written 
instructions. 

I. Secure covers to enclosure and tighten all bolts to manufacturer-recommended 
torques to reduce noise generation. 

J. Remove shipping bolts, blocking, and wedges. 

 

3.2 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding." 

B. Connect wiring according to Section 260519 "Wire and Cable 600 volts and 
below." 

C. Tighten electrical connectors and terminals according to manufacturer's 
published torque-tightening values. If manufacturer's torque values are not 
indicated, use those specified in UL 486A-486B. 

D. Provide flexible connections at all conduit and conductor terminations and 
supports to eliminate sound and vibration transmission to the building structure. 

 

3.3 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Small (Up to 167-kVA Single-Phase or 500-kVA Three-Phase) Dry-Type 
Transformer Field Tests: 
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1. Visual and Mechanical Inspection. 

a. Inspect physical and mechanical condition. 

b. Inspect anchorage, alignment, and grounding. 

c. Verify that resilient mounts are free and that any shipping brackets have 
been removed. 

d. Verify the unit is clean. 

e. Perform specific inspections and mechanical tests recommended by 
manufacturer. 

f. Verify that as-left tap connections are as specified. 

g. Verify the presence of surge arresters and that their ratings are as 
specified. 

2. Electrical Tests: 

a. Measure resistance at each winding, tap, and bolted connection. 

b. Perform insulation-resistance tests winding-to-winding and each winding-
to-ground. Apply voltage according to manufacturer's published data. In 
the absence of manufacturer's published data, comply with NETA ATS, 
Table 100.5. Calculate polarization index: the value of the index shall 
not be less than 1.0. 

c. Perform turns-ratio tests at all tap positions. Test results shall not deviate 
by more than one-half percent from either the adjacent coils or the 
calculated ratio. If test fails, replace the transformer. 

d. Verify correct secondary voltage, phase-to-phase and phase-to-neutral, 
after energization and prior to loading. 

C. Large (Larger Than 167-kVA Single Phase or 500-kVA Three Phase) Dry-Type 
Transformer Field Tests: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 

b. Inspect anchorage, alignment, and grounding. 

c. Verify that resilient mounts are free and that any shipping brackets have 
been removed. 

d. Verify the unit is clean. 

e. Perform specific inspections and mechanical tests recommended by 
manufacturer. 

f. Verify that as-left tap connections are as specified. 

g. Verify the presence of surge arresters and that their ratings are as 
specified. 

2. Electrical Tests: 

a. Measure resistance at each winding, tap, and bolted connection. 
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b. Perform insulation-resistance tests winding-to-winding and each winding-
to-ground. Apply voltage according to manufacturer's published data. In 
the absence of manufacturer's published data, comply with NETA ATS, 
Table 100.5. Calculate polarization index: the value of the index shall 
not be less than 1.0. 

c. Perform power-factor or dissipation-factor tests on all windings. 

d. Perform turns-ratio tests at all tap positions. Test results shall not deviate 
by more than one-half percent from either the adjacent coils or the 
calculated ratio. If test fails, replace the transformer. 

e. Perform an excitation-current test on each phase. 

f. Perform an applied voltage test on all high- and low-voltage windings to 
ground. See IEEE C57.12.91, Sections 10.2 and 10.9. 

g. Verify correct secondary voltage, phase-to-phase and phase-to-neutral, 
after energization and prior to loading. 

D. Remove and replace units that do not pass tests or inspections and retest as 
specified above. 

E. Infrared Scanning: Two months after Substantial Completion, perform an 
infrared scan of transformer connections. 

1. Use an infrared-scanning device designed to measure temperature or 
detect significant deviations from normal values. Provide documentation of 
device calibration. 

2. Perform two follow-up infrared scans of transformers, one at four months 
and the other at 11 months after Substantial Completion. 

3. Prepare a certified report identifying transformer checked and describing 
results of scanning. Include notation of deficiencies detected, remedial 
action taken, and scanning observations after remedial action. 

F. Test Labeling: On completion of satisfactory testing of each unit, attach a dated 
and signed "Satisfactory Test" label to tested component. 

 

3.4 ADJUSTING 

A. Record transformer secondary voltage at each unit for at least 48 hours of 
typical occupancy period. Adjust transformer taps to provide optimum voltage 
conditions at secondary terminals. Optimum is defined as not exceeding 
nameplate voltage plus 5 percent and not being lower than nameplate voltage 
minus 3 percent at maximum load conditions. Submit recording and tap settings 
as test results. 

B. Output Settings Report: Prepare a written report recording output voltages and 
tap settings. 
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3.5 CLEANING 

A. Vacuum dirt and debris; do not use compressed air to assist in cleaning. 

 

END OF SECTION 
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SECTION 26 24 16

PANELBOARDS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Lighting and appliance panelboards.

2. Power distribution panelboards.

B. Related Sections include, but are not necessarily limited, to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the

Contract

2. Division 01 - General Requirements

3. Section 10 14 00 – Identification Devices

4. Section 26 05 00 - Common Work Results for Electrical

5. Section 26 28 00 - Low Voltage Overcurrent and Short Circuit Devices

6. Section 26 43 13 - Low Voltage Surge Protection Devices (SPD)

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in

associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment

for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

b. PB 1, Panelboards.

2. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).
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3. Underwriters Laboratories, Inc. (UL):

a. 50, Enclosures for Electrical Equipment, Non-Environmental

Considerations.

b. 67, Standard for Panelboards.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Section 01 33 00 for requirements for the mechanics and administration

of the submittal process.

2. Product technical data.

a. Provide submittal data for all products specified in PART 2 of this Section.

b. See Section 26 05 00 for additional requirements.

3. Fabrication and/or layout drawings:

a. Panelboard layout with alphanumeric designation, branch circuit

breakers size and type, as indicated in the panelboard schedules.

B. Operation and Maintenance Manuals:

1. See Section 01 33 00 and Section 01 78 23 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operations and Maintenance Manuals.

2. Panelboard schedules with as-built conditions.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following manufacturers

are acceptable:

1. Cutler-Hammer.

2. General Electric Company.

3. Square D Company.

4. Siemens.

B. Submit request for substitution in accordance with Section 01 25 13.
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2.2 MANUFACTURED UNITS

A. Standards:  NEMA PB 1, NFPA 70, UL 50, UL 67.

B. Ratings:

1. Current, voltage, number of phases, number of wires as indicated on the

Drawings.

2. Panelboards rated 240 Vac or less:  10,000 amp minimum short circuit rating

or as indicated in the schedule.

3. Panelboards rated 480 Vac:  14,000 amp minimum short circuit rating or as

indicated in the schedule.

4. Service Entrance Equipment rated when indicated on the Drawings.

C. Construction:

1. Interiors factory assembled and designed such that switching and protective

devices can be replaced without disturbing adjacent units and without

removing the main bus connectors.

2. Multi-section panelboards:  Feed-through or sub-feed lugs.

3. Main lugs:  Solderless type approved for copper and aluminum wire.

D. Bus Bars:

1. Main bus bars:

a. Copper sized to limit temperature rise to a maximum of 65ºC above an

ambient of 40ºC.

b. Drilled and tapped and arranged for sequence phasing of the branch

circuit devices.

2. Ground bus and isolated ground bus, when indicated on the Drawings:

Solderless mechanical type connectors.

3. Neutral bus bars:  Insulated 100 percent rated or 200 percent rated, when

indicated on the Drawings and with solderless mechanical type connectors.

E. Enclosure:

1. Boxes:  Code gage galvanized steel, furnish without knockouts.

2. Trim assembly:  Code gage steel finished with rust inhibited primer and

manufacturers standard paint inside and out.

3. Lighting and appliance panelboard:

a. Trims supplied with hinged door over all circuit breaker handles.
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b. Trims for surface mounted panelboards, same size as box.

1) Trims on surface mounted panelboards shall be hinged to provide

“door-in-door” construction.

c. Trims for flush mounted panelboards, overlap the box by 3/4 IN on all

sides.

d. Doors lockable with corrosion resistant chrome-plated combination lock

and catch, all locks keyed alike.

e. Nominal 20 IN wide and 5-3/4 IN deep with gutter space in accordance

with NEC.

f. Clear plastic cover for directory card mounted on the inside of each door.

g. NEMA 12 rated:  Door gasketed.

4. Power distribution panelboard:

a. Trims cover all live parts with switching device handles accessible.

b. Less than or equal to 12 IN deep with gutter space in accordance with

NEC.

c. Clear plastic cover for directory card mounted front of enclosure.

d. NEMA 12 rated:  Doors gasketed and lockable with corrosion resistant

chrome-plated combination lock and catch, all locks keyed alike.

F. Overcurrent and Short Circuit Protective Devices:

1. Main overcurrent protective device:

a. Molded case circuit breaker.

2. Branch overcurrent protective devices:

a. Mounted molded case circuit breaker.

3. Comply with the requirements of Section 26 28 00 “Low Voltage Overcurrent

and Short Circuit Devices” for overcurrent and short circuit protective device

requirements.

4. Factory installed.

G. Integral surge protective device:  Comply with the requirements of Section

26 43 13 “Low Voltage Surge Protection Devices”.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Install as indicated on the Drawings, in accordance with the NEC, and in

accordance with manufacturer's instructions.

B. Support panelboard enclosures from wall studs or modular channels support

structure, per Section 26 05 00.

C. Provide NEMA 1, or NEMA 12 rated enclosure as indicated on the Drawings.

D. Provide each panelboard with a typed directory:

1. Identify all circuit locations in each panelboard with the load type and location

served.

2. Mechanical equipment shall be identified by Owner-furnished designation if

different than designation indicated on the Drawings.

3. Room names and numbers shall be final building room names and numbers

as identified by the Owner if different than designation indicated on the

Drawings.

E. Identification per Section 10 14 00.

END OF SECTION
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SECTION 26 24 19

MOTOR CONTROL EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Motor control centers.

2. Separately mounted motor starters (including those supplied with

equipment).

3. Manual motor starters.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the

Contract.

2. Division 01 - General Requirements.

3. Section 26 08 13 - Acceptance Testing.

4. Section 26 09 13 - Electrical Metering Devices.

5. Section 26 09 16 - Control Equipment Accessories.

6. Section 26 28 00 - Overcurrent and Short Circuit Protective Devices.

7. Section 26 43 13 - Low Voltage Surge Protective Devices (SPD).

8. Section 40 05 05 - Equipment: Basic Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in

associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment

for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. International Electrotechnical Commission (IEC).

2. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volt Maximum).

b. ICS 2, Controllers, Contactors and Overload Relays Rated 600 V.
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.

3. Underwriters Laboratories, Inc. (UL):

a. 508, Standard for Industrial Control Equipment.

b. 845, Motor Control Centers.

B. Miscellaneous:

1. Verify motor horsepower loads, other equipment loads, and controls from

approved shop drawings and notify Owner’s representative of any

discrepancies.

2. Verify the required instrumentation and control wiring for a complete system

and notify Owner’s representative of any discrepancies.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and

administration of the submittal process.

2. Product technical data:

a. Provide submittal data for all products specified in PART 2 of this

Specification Section.

b. See Specification Section 26 05 00 for additional requirements.

3. Fabrication and/or layout drawings:

a. Motor control center:

1) Elevation drawing with overall dimensions.

2) Starter and component schedule.

3) Identification of units and their location in the MCC.

4) Location of incoming line terminals.

5) Mounting dimensions.

6) Available conduit entrance areas.

7) Nameplate schedule.

8) Assembly ratings (amps, volts, short circuit, etc.).

9) Unit ladder logic wiring for each unit depicting electrical interlocking

and wiring between units (NEMA ICS 3 Class II) and identification of

terminals where field devices or remote control signals are to be

terminated (NEMA ICS 3 Class II-S) as indicated on the Drawings

and/or loop descriptions.

b. Separately mounted combination starters:
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1) Unit ladder logic wiring for each unit depicting electrical wiring and

identification of terminals where field devices or remote control

signals are to be terminated as indicated on the Drawings and/or loop

descriptions.

B. Operation and Maintenance Manuals:

1. See Specification Section 01 33 00 and Specification Section 01 78 23 for

requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

c. Fabrication and/or layout drawings updated with as-built conditions.

2. Provide a Table that includes the following data for all motors controlled in an

MCC or separately mounted starter:

a. Equipment tag number.

b. Starter type and size.

c. Motor nameplate HP.

d. Motor nameplate FLA.

e. Motor nameplate RPM.

f. Motor nameplate safety factor.

g. Overload heater type and model number.

h. Overload heater settings/size.

i. MCP or CB type/model number.

j. MCP or CB setting/size.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS.

A. Subject to compliance with the Contract Documents, the following manufacturers

are acceptable:

1. Allen-Bradley.

2. Cutler Hammer.

3. General Electric Company.

4. Square D Company.

5. Siemens.

B. Submit request for substitution in accordance with Specification Section 01 25 13.
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2.2 MOTOR CONTROL CENTERS

A. Ratings:

1. 600 V class, 3 PH, 60 Hz with operating voltage and number of wires as

indicated on the Drawings.

2. Assembly short circuit current and interrupting device rating as indicated on

the Drawings.

3. Service Entrance Equipment rated when indicated on the Drawings.

B. Construction:

1. Standards:  UL 845.

2. Totally enclosed, dead front, free standing assemblies, bolted together to

form a single assembly.

3. Fabricate with not less than 14 GA steel with 16 GA steel doors in

standardized units.

4. Nominal size per section:  20 IN wide, 20 or 21 IN deep, and 90 IN high.

5. Enclosure:

a. NEMA 1 gasketed.

6. Horizontal wireways:

a. At the top, isolated from the main bus

b. At the bottom.

c. Easily accessible.

d. Full length of the MCC.

7. Vertical wireway:

a. Located in each MCC section that accepts plug-in units.

b. Connect to top and bottom wireways.

c. Isolated from the unit interiors.

d. Accessible through a separate hinged door.

e. Cable tie supports to hold wiring in place.

8. Unit doors:

a. Formed round corners and rolled edges.

b. Minimum of two (2) heavy-duty hinges or continuous piano hinge.

c. Held closed by means of captive fasteners.

d. Fabricate to be a part of the structure and not part of the starter.

9. Unit cubicles:

a. Draw-out type for motor starters through NEMA Size 5.

b. Guide rails for supporting and aligning starters.
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c. Operating handle:

1) With the unit stabs engaged and door closed the handle mechanism

allows complete ON/OFF control of the unit disconnect and clear

indication of the disconnect status.

2) Circuit breaker and MCP operators includes a separate TRIPPED

position.

3) Mechanical interlock to prevent the opening of the door when the

disconnect is in the ON position with a defeater mechanism.

4) Mechanical interlock to prevent the placement of the disconnect in

the ON position with the door open with a defeater mechanism.

5) Non-defeatable interlock to prevent the installation or removal of a

unit unless the disconnect is in the OFF position.

6) Padlockable in the OFF position.

d. Control panel:

1) Provide control devices (selector switch, indicating devices, etc.) as

indicated on the Drawings per Specification Section 26 09 16.

e. Network Communication capability:

1) DeviceNet or EtherNet/IP interface module per Specification Section

26 09 16, for all starters as indicated on the Drawings.

f. Control power:

1) Control power transformer:

a) 120 V secondary.

b) Fused on primary and secondary side.

c) Sized for 140 percent of required load.

g. Minimum of one (1) full size space unit (12 IN) for any combination

magnetic motor starter or starter without overload relay.

h. One-half full size space unit (6 IN) for circuit breakers 100 A and less.

i. Effectively baffled to isolate any ionized gases which may occur within

unit starter.

10. Externally mounted overload relay pushbutton.

11. Assemblies effectively ventilated to allow relocation of starters and other

components:

a. Within the assembly and with the same load.

b. Without having to compensate for changes in location.

12. Finish:  Rust inhibited primer and manufacturer's standard paint inside and

out.

13. Provide ample unrestricted space for conduit entry from the bottom.
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14. Wiring:  NEMA ICS 3 Class II, Type B-D.

C. Buses:

1. Material:  Tin-plated copper.

2. Main horizontal bus:

a. 600 A unless otherwise indicated on the Drawings.

b. Extend the full-length of the MCC with provisions for splicing additional

sections to either end.

3. Vertical buses:

a. 300 A minimum.

b. Securely bolted to the horizontal main bus with joint easily accessible for

maintenance.

c. Completely isolated and insulated by means of a barrier.

d. Extended full length of vertical section to distribute incoming power to

each circuit breaker and starter in structure.

1) Starters NEMA Size 5 and larger and certain other components may

be cable connected to the main bus with the approval of the Owner’s

representative.

e. Extend Vertical bus to spaces provided for future equipment.

4. Ground bus:

a. Extend the full-length of the MCC with provisions for splicing additional

sections to either end.

b. 600 A tin-plated copper.

c. Solidly grounded to each structure.

d. Locate near bottom of structure.

e. Provide for lug connection of equipment ground wires.

D. Overcurrent and Short Circuit Protective Devices:

1. Main device:

a. Molded case circuit breaker.

b. Molded case circuit breakers rate 1000 amperes or greater will include

an Arc-flash Reduction Maintenance System switch (ARMS)
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2. Tie device:

a. Molded case circuit breaker.

3. Feeder devices:

a. Molded case circuit breaker.

b. Fusible switch.

4. Motor protection with full voltage starters:

a. Motor circuit protector.

b. Molded case circuit breaker.

c. Class RK-1 fuse.

5. Motor protection with reduced voltage starters:

a. Molded case circuit breaker.

b. Motor circuit protector.

c. Class RK-1 fuse.

6. See Specification Section 26 28 00 for overcurrent and short circuit protective

device requirements.

7. Factory installed.

E. Motor Starters:  See requirements within this Specification Section.

F. Surge Protective Device:  Integrally mounted, see Specification Section 26 43 13.

G. Power Monitor Metering:

1. Separate compartment.

2. See Specification Section 26 09 13 for meter requirements.

H. Miscellaneous:

1. See Drawings for items provided by other, but factory installed (e.g.,

submersible motor temperature/leak controller, control system gateways or

switches).

2.3 SEPARATELY MOUNTED COMBINATION STARTERS

A. Standards:

1. NEMA 250, NEMA ICS 2.

2. UL 508.
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B. Enclosure:

1. NEMA 4X rated:

a. Body and cover:  Type 304 stainless steel.

b. No knockouts, external mounting flanges, hinged and gasketed door.

2. NEMA 12 rated:

a. Body and cover:  Sheet steel finished with rust inhibiting primer and

manufacturer's standard paint inside and out.

b. No knockouts, external mounting flanges, hinged and gasketed door.

C. Operating Handle:

1. With the door closed, the handle mechanism allows complete ON/OFF

control of the unit disconnect and clear indication of the disconnect status.

2. Circuit breaker and MCP operators include a separate TRIPPED position.

3. Mechanical interlock to prevent to prevent the opening of the door when the

disconnect is in the ON position with a defeater mechanism for use by

authorized personnel.

4. Mechanical interlock to prevent the placement of the disconnect in the ON

position with the door open with a defeater mechanism for use by authorized

personnel.

5. Padlockable in the OFF position.

D. External mounted overload relay pushbutton.

E. Control Devices:

1. Provide control devices as indicated on the Drawings per Specification

Section 26 09 16.

2. Devices will be accessible with the door closed.

F. Control Power Transformer:

1. 120V secondary.

2. Fused on primary and secondary side.

3. Sized for 140 percent of required load.

G. Fault Current Withstand Rating:  Equal to the rating of the electrical gear from

which it is fed.

H. Motor Starters:  See requirements within this Specification Section.
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I. Disconnect Switch, Overcurrent and Short Circuit Protective Devices:

1. Motor circuit protector or

2. Molded case circuit breaker.

3. See Specification Section 26 28 00 for overcurrent and short circuit protective

device requirements.

4. Factory installed.

2.4 MOTOR STARTERS

A. Standards:

1. NEMA ICS 2.

2. UL 508.

B. Full Voltage Non-Reversing (FVNR) Magnetic Starters:

1. NEMA full size rated contactor.

a. NEMA half sizes and IEC contactors are not permitted.

2. Double-break silver alloy contacts.

3. Overload relays:

a. Ambient insensitive, adjustable solid state type with phase loss

protection, phase imbalance protection and manual reset.

4. Interlock and auxiliary contacts, wired to terminal blocks:

a. Holding circuit contact, normally open.

b. Overload alarm contact, normally open.

c. Normally open auxiliary contact, for remote run status.

d. Additional field replaceable auxiliary contacts as required per the

Sequence of Operation.

e. Two (2) additional normally open spare field replaceable auxiliary

contacts.

2.5 MANUAL MOTOR STARTERS

A. Standards:

1. NEMA 250, NEMA ICS 2.

2. UL 508.

B. Quick-make, quick-break toggle mechanism that is lockable in the OFF position.
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C. Types:

1. Horsepower rated, for ON/OFF control.

2. Horsepower rated, for ON/OFF control and thermal overload protection.

a. Switch to clearly indicate ON, OFF, and TRIPPED position.

D. Voltage and current ratings and number of poles as required for the connected

motor.

E. Enclosures:

1. NEMA 1 rated:

a. Galvanized steel or steel finished with rust inhibiting primer and

manufacturer's standard paint inside and out.

b. With or without concentric knockouts.

2. NEMA 4X rated:

a. Type 304 or 316 stainless steel.

b. No knockouts, external mounting flanges.

3. NEMA 12 rated:

a. Body and cover:  Sheet steel finished with rust inhibiting primer and

manufacturer's standard paint inside and out.

b. No knockouts, external mounting flanges.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install as indicated on the Drawings and in accordance with manufacturer's

recommendations and instructions.

B. Mounting height for surface mounted equipment:  See Specification Section 26

05 00.

C. Mount MCC on 4 IN high concrete pad:

1. Install two (2) 4 IN wide channel sills flush in pads to support and maintain

alignment of the MCC.

2. Align front of MCC with top edge of pad chamfer.

D. Overload Heaters:

1. Size for actual motor full load current of the connected motor.
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2. For motors with power factor correction capacitors, size to compensate for

the capacitors effect on load current.

E. Combination and Manual Starter Enclosures:

1. Permitted uses of NEMA 1 enclosure:

a. Surface or flush mounted in architecturally finished areas.

b. Surface mounted above 10 FT in areas designated as dry in

architecturally and non-architecturally finished areas.

2. Permitted uses of NEMA 4X enclosure:

a. Surface mounted in areas designated as wet and/or corrosive.

3. Permitted uses of NEMA 12 enclosure:

a. Surface mounted in areas designated as dry.

3.2 FIELD QUALITY CONTROL

A. Acceptance Testing:  See Specification Section 26 08 13.

B. Comply with Specification Section 40 05 05.

C. Comply with manufacturer's written instructions.

D. Employ and pay for services of equipment manufacturer's field representative(s)

to:

1. Inspect equipment covered by this Specification Section.

2. Supervise adjustments and installation checks.

3. Conduct initial startup of equipment and perform operations checks.

4. Provide Owner with written documentation per Specification Section 40 05

05 that manufacturer's equipment has been installed properly, started up and

is ready for operation by Owner's personnel.

5. Instruct Owner's personnel per Specification Section 01 75 00.

END OF SECTION
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SECTION 26 26 13

PACKAGE POWER SUPPLY

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Package power supply consisting of a transformer and panelboard.

B. Related Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract.

2. Division 01 - General Requirements.

3. Section 01 25 13 - Product Substitutions.

4. Section 01 33 00 - Submittals.

5. Section 01 78 23 - Operation and Maintenance Data.

6. Division 26 - Electrical.

7. Section 26 05 00 - Electrical:  Basic Requirements.

8. Section 26 05 26 - Grounding.

9. Section 26 28 00 - Overcurrent and Short Circuit Protective Devices.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. Institute of Electrical and Electronics Engineers, Inc. (IEEE):

a. C57.96, Loading Dry-Type Distribution and Power Transformers.

2. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

b. PB 1, Panelboards.

c. ST 20, Dry-Type Transformers for General Applications.
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3. Underwriters Laboratories, Inc. (UL):

a. 67, Standard for Safety Panelboards.

b. 1561, Standard for Safety Dry-Type General Purpose and Power
Transformers.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. Product technical data:

a. Provide submittal data for all products specified in PART 2 of this
Section.

b. See Section 26 05 00 for additional requirements.

3. Fabrication and/or layout drawings:

a. Nameplate drawing.

b. Panelboard layout with alphanumeric designation, branch circuit
breakers size and type, as indicated in the panelboard schedules.

B. Operation and Maintenance Manuals:

1. See Section 01 33 00 and Section 01 78 23 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following
manufacturers are acceptable:

1. General Electric Company.

2. Square D Company.

3. Eaton

4. Siemens.

B. Submit request for substitution in accordance with Section 01 25 13.

2.2 PACKAGED POWER SUPPLY

A. General:

1. Standards:  IEEE C57.96, NEMA PB 1, NEMA ST 20, UL 67 and UL 1561.
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2. Package power supply includes a main primary circuit breaker, an
encapsulated dry-type transformer and a secondary panelboard with main
circuit breaker.

B. Ratings:

1. Single or three (3) phase as indicated on the Drawings.

2. KVA and voltage ratings as indicated on the Drawings.

3. Suitable for use as service entrance equipment.

C. Transformer:

1. Non-ventilated, air cooled, two (2) winding type.

2. Core and coil assembly encapsulated in a proportioned mixture of resin and
aggregate to provide a moistureproof, shock resistant seal.

3. Cores:

a. High grade, non-aging silicon steel with high magnetic permeability, and
low hysteresis and eddy current losses.

b. Magnetic flux densities are to be kept well below the saturation point.

4. Coils:  Continuous wound copper or electrical grade aluminum and
grounded to the enclosure.

5. Insulation system:  185 DegC with a 115 DegC rise.

6. Taps:  Two (2) 5 percent FCBN.

7. Sound levels:

a. Manufacturer shall guarantee not to exceed the following:

1) 9 kVA and less:  40 dB.

2) 10 to 30 kVA:  45 dB.

D. Panelboard and Protective Devices:

1. Bus:  Copper.

2. Factory installed wiring between primary breaker and transformer,
secondary breaker and transformer and distribution section.

3. 480 Vac primary circuit breaker:  14,000 amp minimum interrupting rating.

4. 240 Vac or less secondary circuit breaker:  10,000 amp minimum
interrupting rating.

5. Feeder breakers:

a. Plug-in type with 10,000 amp minimum interrupting rating.

b. See Section 26 28 00 for additional requirements.

E. Enclosure:
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1. Main, secondary and feeder circuit breakers enclosed with a padlockable
hinged door.

2. Wiring compartment suitable for conduit entry and large enough to allow
convenient wiring.

3. Totally enclosed, non-ventilated, NEMA 3R, stainless steel.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Ground in accordance with Section 26 05 26 or as indicated on the Drawings.

END OF SECTION
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SECTION 262719

MULTI-OUTLET ASSEMBLIES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

1.2 SUMMARY

A. Section Includes:

1. Wall-mounted, surface metal raceway multi-outlet assemblies.

2. Wall-mounted, surface nonmetallic raceway multi-outlet assemblies.

3. Fire-rated, poke-through assemblies.

B. Related Requirements:

1. Section 07 84 00 - Firestopping

2. Section 10 14 00 - Identification Devices

3. Section 26 05 19 - Wire and Cable 600 Volts and Below

4. Section 26 05 23 - Control-Voltage Electrical Power Cables

5. Section 26 05 26 – Grounding

6. Section 26 05 29 - Hangers and Supports

7. Section 26 05 33 - Raceway and Boxes

8. Section 26 27 26 - Wiring Devices

9. Section 27 15 00 - Communications Horizontal Cabling

1.3 DEFINITIONS

A. Miniature 8-Position Series Jack (8PSJ): Also called an "8-position 8-contact"

(8P8C) modular jack. An unkeyed jack with up to eight contacts commonly used

to terminate twisted-pair and multiconductor Ethernet cable. Shape and

dimensions are specified by TIA-1096.

B. Caution: This is not the same thing as an FCC "registered jack" RJ45S, now

called a miniature "8-position keyed jack" (8PKJ). Ethernet cable plugs do not
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have rejection keys. Many manufacturers and suppliers incorrectly use "RJ45" as

a generic term to describe any 8-position series plug or jack whether or not it has

a rejection key.

C. Multi-Outlet Assembly: A type of surface, flush, or freestanding raceway designed

to hold conductors, receptacles, and switches, assembled in the field or at the

factory.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of product.

1.5 INFORMATIONAL SUBMITTALS

A. Field quality-control reports.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For wiring devices to include in all

manufacturers' packing-label warnings and instruction manuals that include

labeling conditions.

PART 2 - PRODUCTS

2.1 WALL-MOUNTED, SURFACE METAL RACEWAY MULTI-OUTLET

ASSEMBLIES

A. Performance Criteria:

1. Description: Two-piece surface metal raceway, field assembled and wired

or with factory-wired multi-outlet harness, including outlets.

2. Standards:

a. Listed and labeled in accordance with UL 5 for exposed power

raceway and fittings. Multi-outlet assemblies used for communications

or data shall also comply with UL 5C for exposed communications

raceway and fittings, and UL 2024 for communications cable routing.

b. Provide separate paths for management of telecommunications and

power cables.

c. Listed and labeled in accordance with NFPA 70 and NEMA 250 for

intended location and use.
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B. Source Limitations: Obtain products from single manufacturer designed for use

as complete, matching assembly of raceways, receptacles, and switches.

C. Wall-Mounted, Surface Metal Raceway Power Multi-Outlet Assembly:

1. Manufacturers:  Provide the following or approved equivalent:

a. Hubbell Incorporated

b. Legrand, North America

2. Product Description: Two-piece surface metal raceway for power outlets.

3. Material: Aluminum, with manufacturer's standard finish.

4. Power Outlets: NEMA 5-20R in accordance with Section 26 27 26 "Wiring

Devices."

5. Power Outlet Spacing: 6 inches or 12 inches as shown on drawings.

6. Wiring: Single circuit in accordance with Section 26 05 19 "Wire and Cable

600 Volts and Below."

D. Wall-Mounted, Surface Metal Raceway Power and Communications Multi-Outlet

Assembly:

1. Manufacturers:  Provide the following or approved equivalent:

a. Hubbell Incorporated

b. Legrand, North America

2. Product Description: Multi-piece surface metal raceway for power and

communications/data outlets with separate raceway channels for power

and communications wiring and separate covers for each channel.

3. Material: Aluminum, with manufacturer's standard finish.

4. Power Outlets: NEMA 5-20R in accordance with Section 26 27 26 "Wiring

Devices."

5. Power Outlet Spacing: 6 inches or 12 inches as shown in plan.

6. Power Wiring: Single circuit in accordance with Section 26 05 19 "Wire and

Cable 600 Volts and Below."

7. Voice and Data Communication Outlets: 8PSJ jacks complying with

requirements in Section 27 15 00 "Communications Horizontal Cabling”.

8. A minimum of two four-pair cables in accordance with Section 26 05 23

“Control-Voltage Electrical Power Cables” for each outlet.
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2.2 WALL-MOUNTED, SURFACE NONMETALLIC RACEWAY MULTI-OUTLET

ASSEMBLIES

A. Performance Criteria:

1. Description: Two-piece surface nonmetallic raceway, field assembled and

wired or with factory-wired multi-outlet harness, including outlets.

2. Standards:

a. Listed and labeled in accordance with UL 5A for exposed power

raceway and fittings, UL 5C for exposed communications raceway

and fittings, and UL 2024 for communications cable routing.

b. Provide separate paths for management of telecommunications and

power cables.

c. Listed and labeled in accordance with NFPA 70 and NEMA 250 for

intended location and use.

B. Source Limitations: Obtain products from single manufacturer designed for use

as complete, matching assembly of raceways, receptacles, and switches.

C. Wall-Mounted, Surface Nonmetallic Raceway Power Multi-Outlet Assembly:

1. Manufacturers:  Provide the following or approved equivalent:

a. Hubbell Incorporated

b. Legrand, North America

2. Product Description: Two-piece surface nonmetallic raceway for power

outlets.

3. Material: PVC.

4. Power Outlets: NEMA 5-20R in accordance with Section 26 27 26 "Wiring

Devices."

5. Power Outlet Spacing: 6 inches or 12 inches as shown in plan.

6. Wiring: Single circuit in accordance with Section 26 05 19 "Wire and Cable

600 Volts and Below."

D. Wall-Mounted, Surface Nonmetallic Raceway Power and Communications Multi-

Outlet Assembly:

1. Manufacturers:  Provide the following or approved equivalent:

a. Hubbell Incorporated

b. Legrand, North America
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2. Product Description: Multi-piece surface nonmetallic raceway for power and

communications/data outlets with separate raceway channels for power

and communications wiring and separate covers for each channel.

3. Material: PVC.

4. Power Outlets: NEMA 5-20R in accordance with Section 26 27 26 "Wiring

Devices."

5. Power Outlet Spacing: 6 inches or 12 inches as shown in plan.

6. Power Wiring: Single circuit in accordance with Section 26 05 19 "Wire and

Cable 600 Volts and Below."

7. Voice and Data Communication Outlets: 8PSJ jacks complying with

requirements in Section 27 15 00 "Communications Horizontal Cabling”.

8. A minimum of two four-pair cables in accordance with Section 26 05 23

“Control-Voltage Electrical Power Cables" for each outlet.

2.3 FLOOR-MOUNTED, RECESSED METAL RACEWAY MULTI-OUTLET

ASSEMBLIES

A. Performance Criteria:

1. Description: Two-piece flush-mounted, in-floor, metal raceway, with factory-

wired multi-outlet harness, for installation flush in floor or under floor finish.

2. Standards:

a. Listed and labeled in accordance with UL 5 for exposed power

raceway and fittings, UL 5C for exposed communications raceway

and fittings, and UL 2024 for communications cable routing.

b. Provide separate paths for management of telecommunications and

power cables.

c. Listed and labeled in accordance with NFPA 70 and NEMA 250 for

intended location and use.

B. Source Limitations: Obtain products from single manufacturer designed for use

as complete, matching assembly of raceways and receptacles.

2.4 FLOOR-MOUNTED ENCLOSURE MULTI-OUTLET ASSEMBLY

A. Performance Criteria:

1. Description: Floor-mounted box with cover enclosing multiple power and

communications outlets in a single assembly.

2. Standards:
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a. Listed and labeled in accordance with NFPA 70 and NEMA 250 for

intended location and use.

b. Listed and labeled in accordance with UL 514A for metallic boxes, in

accordance with UL 514C for nonmetallic boxes, including scrub-

water exclusion requirements.

c. Listed and labeled in accordance with UL 514D for cover plates.

d. Provide separate paths for management of telecommunications and

power cables in compliance with NFPA 76.

3. Compartments: Barrier separates power from voice and data

communication cabling.

B. Source Limitations: Obtain products from single manufacturer designed for use

as complete, matching assembly of raceways and receptacles.

C. Floor-Mounted Enclosure Multi-Outlet Assembly:

1. Manufacturers:  Provide the following manufacturers or approved equal:

a. Hubbell Incorporated

b. Legrand, North America

2. Floor Box and Cover:

a. Provide floor boxes classified for use in 1-hour-rated concrete floors.

Boxes for floors in contact with earth shall be protected with an epoxy

paint.

b. Floor boxes for concrete floors shall provide a minimum of 4 inches of

adjustment prior to concrete pour and a minimum of 1/2 inch after

concrete is set.

c. Provide cast-metal floor boxes with six gangs.

d. Provide brass or aluminum flanges approved for use on carpet, tile, or

wood floor applications. Flanges and cover plates shall have a buffed

appearance and a protective finish. Covers shall match the

appearance of floor flanges and provide access to all included

devices.

e. Covers shall lay flat on the floor surface when open. Provide for cable

egress when the cover is closed. Provide ADA-compliant covers.

f. Provide flanges, mounting brackets, keystones, and accessories for

mounting all devices and connections indicated on Drawings.
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3. Outlets:

a. Power Outlets: NEMA 5-20R in accordance with Section 26 27 26

"Wiring Devices."

b. Wiring: Single circuit in accordance with Section 26 05 19 "Wire and

Cable 600 Volts and Below."

c. Voice and Data Communication Outlets: 8PSJ jacks complying with

requirements in Section 27 15 00 "Communications Horizontal

Cabling”.

d. A minimum of two four-pair cables in accordance with

Section 26 05 23 “Control-Voltage Electrical Power Cables” for each

outlet.

2.5 FIRE-RATED, POKE-THROUGH ASSEMBLIES

A. Performance Criteria:

1. Description: Factory-fabricated assembly of below-floor junction box with

multichannel, through-floor raceway/firestop unit with receptacles or

communications outlets installed below floor surface level.

2. Standards:

a. Listed and labeled in accordance with UL 514A for metallic boxes, or

in accordance with UL 514C for nonmetallic boxes, including scrub-

water exclusion requirements.

b. Provide separate paths for management of telecommunications and

power cables.

c. Listed and labeled in accordance with NFPA 70 and NEMA 250 for

intended location and use.

3. Fire Rating: Provide unit listed and labeled for fire rating of floor-ceiling

assembly.

B. Source Limitations: Obtain products from single manufacturer designed for use

as complete, matching assembly of raceways and receptacles.

C. Recessed-Type, Fire-Rated, Poke-Through Assembly:

1. Manufacturers:  Provide the following or approved equivalent:

a. Hubbell Incorporated

b. Legrand, North America
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2. Product Description: Through-floor power assembly with included

raceways, box for power connections, and internal space for power and

communications/data outlets. Assembly shall maintain floor fire rating.

3. Description: Modular, recessed-type, dual-service units suitable for wiring

method used, with cover flush with finished floor.

4. Service Plate and Cover: Round, die-cast aluminum with satin finish.

5. Core Size: Selected to fit nominal 6-inch cored holes in floor and matched

to floor thickness.

6. Closure Plug: Close unused cored opening and reestablish fire rating of

floor.

7. Feed Conduits: Provide connection points for conduits as indicated on

Drawings or required for conductors shown. Provide minimum 1-inch

conduits for communications cables.

8. Power Outlets: NEMA 5-20R gray finish, unless otherwise indicated, in

accordance with Section 26 27 26 "Wiring Devices."

9. Telephone and Data Outlets: modular, keyed, color-coded, 8PSJ jacks in

accordance with Section 26 05 23 “Control-Voltage Electrical Power

Cables”.

10. Audio and Video Outlets: Blank cover with bushed cable opening.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Comply with NECA 1 for installation requirements, except where requirements

on Drawings or in this Section are stricter.

B. Comply with NECA 101 for installation requirements for steel raceways, except

where requirements on Drawings or in this Section are stricter.

C. Comply with NECA 102 for installation requirements for aluminum raceways,

except where requirements on Drawings or in this Section are stricter.

D. Comply with NFPA 70 limitations for types of raceways allowed in specific

occupancies.

E. Provide terminations, adapters, boxes, and other fittings required for the

installation.

F. Install surface raceway with a minimum 2-inch radius control at bend points.
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G. Secure metallic surface raceway with screws or other anchor-type devices at

intervals not exceeding 48 inches and with no fewer than two supports per

straight raceway section. Support surface raceway according to manufacturer's

written instructions. Tape and glue are unacceptable support methods.

H. Do not install aluminum raceways or fittings in contact with concrete.

I. Secure nonmetallic surface raceway with screws or other anchor-type devices in

each wiring channel at intervals not exceeding 18 inches and with no fewer than

two supports per straight raceway section in each wiring channel. Support

nonmetallic surface raceway according to manufacturer's written instructions.

Tape and glue are unacceptable support methods.

J. Do not install PVC raceways where ambient temperature exceeds 122ºF.

Conductors with insulation rated higher than 75ºC installed in PVC raceways may

not be operated at a temperature greater than 75ºC.

K. Comply with the requirements in Section 26 05 26 "Grounding”.

L. Comply with the requirements in Section 26 05 29 "Hangers and Supports".

M. Comply with the requirements in Section 26 05 33 "Raceway and Boxes" for

installation of raceways and additional requirements for floor boxes.

N. Coordination with Other Work:

1. Adjust locations of multi-outlet assemblies to suit arrangement of partitions

and furnishings. Locate outlets to avoid blocking by supports, furnishings,

and other architectural fixtures.

2. Provide outlets with special requirements, such as GFCI, AFCI, or special

environmental requirements, where required by Drawings or to meet codes.

3. Adjust locations of poke-through assembly penetrations to coordinate with

locations of structural members, concealed piping, and concealed conduit.

Obtain written approval from Architect prior to drilling penetrations in floors

other than where dimensioned on architectural Drawings. Comply with

requirements in Section 07 84 00 "Firestopping."

3.2 IDENTIFICATION

A. Comply with the requirements in Section 10 14 00 "Identification Devices”.
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END OF SECTION
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SECTION 26 27 26

WIRING DEVICES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Material and installation requirements for:

1. Light switches.

2. Receptacles.

3. Device wallplates and coverplates.

4. Occupancy sensors.

B. Related Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract

2. Division 01 - General Requirements

3. Section 26 05 00 - Electrical:  Basic Requirements

4. Section 26 05 33 - Raceways and Boxes

5. Section 26 24 19 - Motor Control Equipment

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 DEFINITIONS

A. Abbreviations of Manufacturers' Names:

1. Cooper: Cooper Wiring Devices; Division of Cooper Industries, Inc.

2. Hubbell: Hubbell Incorporated: Wiring Devices-Kellems.

3. Leviton: Leviton Mfg. Company, Inc.

4. Pass & Seymour: Pass& Seymour/Legrand.

B. BAS: Building automation system.

C. EMI: Electromagnetic interference.

D. GFCI: Ground-fault circuit interrupter.
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E. Pigtail: Short lead used to connect a device to a branch-circuit conductor.

F. RFI: Radio-frequency interference.

G. SPD: Surge protective device.

H. UTP: Unshielded twisted pair.

1.4 QUALITY ASSURANCE

A. Referenced Standards:

1. National Electrical Manufacturers Association (NEMA):

1. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

2. WD 1, General Color Requirements for Wiring Devices.

3. WD 6, Wiring Devices - Dimensional Requirements.

2. Underwriters Laboratories, Inc. (UL):

1. 20, General-Use Snap Switches.

2. 498, Standard for Attachment Plugs and Receptacles.

3. 894, Standard for Switches for Use in Hazardous (Classified) Locations.

4. 943, Ground-Fault Circuit-Interrupters.

5. 1010, Standard for Receptacle-Plug Combinations for Use in
Hazardous (Classified) Locations.

1.5 SUBMITTALS

A. Shop Drawings:

1. See Section 01 33 00 for requirement for the mechanics and administration
of the submittal process.

2. Product technical data:

1. Provide submittal data for all products specified in PART 2 of this
Section.

2. See Section 26 05 00 for additional requirements.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following
manufacturers are acceptable:

1. Light switches and receptacles:

1. Bryant.

2. Cooper Wiring Devices.

3. Hubbell.
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4. Leviton.

5. Pass & Seymour.

6. Crouse-Hinds.

7. Appleton Electric Co.

8. Killark.

2. Occupancy sensors:

1. Cooper Controls.

2. Lighting Design and Control (LD&C).

3. Watt Stopper.

B. Submit request for substitution in accordance with Section 01 25 13.

2.2 LIGHT SWITCHES

A. General requirements unless modified in specific requirements paragraph of
switches per designated areas or types:

1. Toggle type, quiet action, Industrial Specification Grade.

2. Self grounding with grounding terminal.

3. Side wired.

4. Solid silver cadmium oxide contacts.

5. Rugged urea housing and one-piece switch arm.

6. Rated 20 A, 120/277 Vac.

7. Switch handle color:  per Owner’s representative

8. Types as indicated on the Drawings:

1. Single-pole.

2. Double-pole.

3. 3-way.

4. 4-way.

9. Standards:  UL 20, UL 514A, NEMA WD 6.

B. Architecturally Finished Areas:

1. Wallplate:

1. Per Owner’s representative.colored high impact thermoplastic or nylon.

2. Single or multiple gang as required.

C. Dry Non-architecturally Finished Areas:

1. Coverplate:

1. Type 302 stainless steel.

2. Single or multiple gang as required.

D. Wet Non-architecturally Finished Areas:
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1. Coverplate:

1. Appleton FSKWT2 with stainless steel screws utilizing rocker, front
mounted toggle or pull type switch, or approved equal.

2. Single or multiple gang as required.

E. Corrosive Areas:

1. PVC switch cover: Carlon E98SSCN-CAR or approved equal.

F. Hazardous Areas:

1. Rated for Class I, Division 1 and 2, Groups B, C, and D and Class II,
Division 1 and 2 areas, Groups E, F, and G.

2. Switch enclosed in separate sealing chamber.

1. Sealing chamber has prewired factory sealed pigtail leads.

3. Coverplate:

1. Zinc plated malleable iron or copper free aluminum with stainless steel
screws utilizing rocker or front mounted toggle type switch.

2. Single or multiple gang as required.

4. Standards:  UL 894.

G. Dimmer Switches for Incandescent and Fluorescent Lamps:

1. Electronic solid state type, rated for load, 120 or 277 Vac.

2. Circuit design:  Silicon symmetrical gate to provide full wave dimming and
withstand current and inverse voltage surges.

3. Control type:

1. Linear slide with separate heavy-duty rocker allowing on/off switching
without disturbing preset brightness level.

2. Rotary with positive off position.

4. Provide built-in filter to minimize noise interference in nearby audio lines.

5. Rated 100 DegF maximum, ambient.

6. Compatible with ballast.

7. Wallplate:  Owner’s representative colored high impact thermoplastic or
nylon.

2.3 RECEPTACLES

A. General requirements unless modified in specific requirements paragraph of
receptacles per designated areas:

1. Straight blade, Industrial Specification Grade.

2. Brass triple wipe line contacts.
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3. One-piece grounding system with double wipe brass grounding contacts
and self-grounding strap.

4. Side wired.

5. Rated 20 A, 125 Vac.

6. High impact nylon body.

7. Receptacle body color:

1. Normal power:  per Owner’s representative.

2. Generator or UPS power:  Red.

8. Types as indicated on the Drawings:

1. Normal:  Self grounding with grounding terminal.

2. Ground fault circuit interrupter with test and reset buttons.

9. Duplex or simplex as indicated on the Drawings.

10. Configuration:  NEMA 5-20R.

11. Standards:  UL 498, UL 514A, UL 943, NEMA WD 1, NEMA WD 6.

B. Architecturally Finished Areas

1. Wallplate:  per Owner’s representative, colored high impact thermoplastic or
nylon.

C. Dry Non-architecturally Finished Areas:

1. Coverplate:

1. Type 302 stainless steel.

2. Single or multiple gang as required.

D. Wet Non-architecturally Finished Areas:

1. Appleton FSK-WGF1

2. Approved Equal.

E. Exterior Locations:

1. Appleton FSK-WGF1.

2. Approved Equal.

F. Corrosive Areas:

1. Carlon E98GRDN-CAR.

2. Approved Equal

G. Hazardous Areas:

1. Rated for Class I, Division 1 and 2, Groups B, C, and D; and Class II,
Division 1 and 2, Groups F and G.

2. Factory-sealed receptacle/switch/coverplate.
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1. Zinc-plated malleable iron or copper free aluminum with stainless steel
screws and gasketed spring-loaded cover.

3. "Dead-front" construction requiring plug to be inserted and rotated to
activate receptacle.

1. Ordinary non-hazardous plug shall not activate the receptacle.

Standard:  UL 1010.

H. Welding Receptacles: {As indicated on the Drawings.}

I. Special Purpose Receptacles:

1. NEMA configuration as indicated on the Drawings.

J. Clock Hanger Receptacle:

1. Single, 15 A, 125 Vac, 3-wire grounding, with recess for plug cap.

2. Stainless steel plate with hook.

2.4 SPD RECEPTACLES

A. General Description: Comply with NEMA WD 1, NEMA WD 6 Configuration 5-
20R, UL 498, UL 1449, and FS W-C-596, with integral SPD in line to ground,
line to neutral, and neutral to ground.

1. 125 V, 20 A, straight-blade type.

2. SPD Components: Multiple metal-oxide varistors; with a nominal clamp-
level rating of 400 V and minimum single transient pulse energy dissipation
of 240 J, according to IEEE C62.41.2 and IEEE C62.45.

3. Active SPD Indication: Visual and audible, with light visible in face of device
to indicate device is "active" or "no longer in service."

B. Duplex SPD Convenience Receptacles:

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

1. Eaton

2. Hubbell

3. Legrand

C. Isolated-Ground, Duplex SPD Convenience Receptacles:

1. Manufacturers:  Subject to compliance with requirements,
manufacturers offering products that may be installed in project are as
follows:

a. Eaton

b. Hubbell

c. Legrand
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2. Grounding: Equipment grounding contacts shall be connected only to the
green grounding screw terminal of the device and with inherent electrical
isolation from mounting strap. Isolation shall be integral to receptacle
construction and not dependent on removable parts.

2.5 TWIST-LOCK RECEPTACLES

A. Twist-Lock, Single Convenience Receptacles: 125 V, 20 A; comply with NEMA
WD 1, NEMA WD 6 Configuration L5-20R, and UL 498.

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

a. Eaton

b. Hubbell

c. Legrand

B. Twist-Lock, Isolated-Ground, Single Convenience Receptacles: 125 V, 20 A;
comply with NEMA WD 1, NEMA WD 6 Configuration L5-20R, and UL 498.

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

a. Eaton

b. Hubbell

c. Legrand

2. Grounding: Equipment grounding contacts shall be connected only to the
green grounding screw terminal of the device and with inherent electrical
isolation from mounting strap. Isolation shall be integral to receptacle
construction and not dependent on removable parts.

2.6 PENDANT CORD-CONNECTOR DEVICES

A. Description:

1. Matching, locking-type plug and receptacle body connector.

2. NEMA WD 6 Configurations L5-20P and L5-20R, heavy-duty grade, and FS
W-C-596.

3. Body: Nylon, with screw-open, cable-gripping jaws and provision for
attaching external cable grip.

4. External Cable Grip: Woven wire-mesh type made of high-strength,
galvanized-steel wire strand, matched to cable diameter, and with
attachment provision designed for corresponding connector.

2.7 CORD AND PLUG SETS

A. Description:
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1. Match voltage and current ratings and number of conductors to
requirements of equipment being connected.

2. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A
jacket; with green-insulated grounding conductor and ampacity of at least
130 percent of the equipment rating.

3. Plug: Nylon body and integral cable-clamping jaws. Match cord and
receptacle type for connection.

2.8 TOGGLE SWITCHES

A. Comply with NEMA WD 1, UL 20, and FS W-S-896.

B. Switches, 120/277 V, 20 A:

1. Single Pole:

a. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

1) Eaton

2) Hubbell

3) Legrand

2. Two Pole:

a. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

1) Eaton

2) Hubbell

3) Legrand

3. Three Way:

a. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

1) Eaton

2) Hubbell

3) Legrand

4. Four Way:

a. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

1) Eaton

2) Hubbell

3) Legrand

C. Pilot-Light Switches: 120/277 V, 20 A.
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1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

a. Eaton

b. Hubbell

c. Legrand

2. Description: Single pole, with LED-lighted handle, illuminated when switch
is off.

D. Key-Operated Switches: 120/277 V, 20 A.

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

a. Eaton

b. Hubbell

c. Legrand

2. Description: Single pole, with factory-supplied key in lieu of switch handle.

E. Single-Pole, Double-Throw, Momentary-Contact, Center-off Switches: 120/277
V, 20 A; for use with mechanically held lighting contactors.

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

a. Eaton

b. Hubbell

c. Legrand

F. Key-Operated, Single-Pole, Double-Throw, Momentary-Contact, Center-off
Switches: 120/277 V, 20 A; for use with mechanically held lighting contactors,
with factory-supplied key in lieu of switch handle.

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

a. Eaton

b.  Hubbell

c. Legrand

2.9 MISCELLANEOUS WIRING DEVICES

A. Manual Motor Starters:  Horsepower rated with or without thermal overloads,
see Section 26 24 19.

2.10  OCCUPANCY SENSORS

A. Low Voltage Passive Infrared Ceiling Sensor (Type per the Drawings:
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1. Detection of changes in the infrared energy:  Sensor to respond only to
those signals caused by human motion.

2. Analog and digital processing to provide immunity to RFI and EMI.

3. Temperature compensated, dual element sensor and a multi-element lens
with a minimum field of view of 110 degrees.

4. Daylight filter or compensation for short wavelength infrared wave from the
sun.

5. Cover up to 300 SF at normal mounting heights.

6. System voltage:  24 Vdc through power pack.

7. Load ON-OFF control through power pack.

8. Adjustable time delay set at 30 minutes

9. Adjustable sensitivity set at maximum.

10. Adjustments and mounting hardware under a removable cover.

11. Parallel wiring of multiple sensors to allow coverage of large areas.

B. Passive Infrared Wall Switch:

1. Self-contained control system that replaces a standard toggle switch.

1. Latching air gap relay switching mechanism, compatible with electronic
ballasts, compact fluorescent and inductive loads.

2. Detection of changes in the infrared energy:  Sensor to respond only to
those signals caused by human motion.

3. Analog and digital processing to provide immunity to RFI and EMI.

4. Temperature compensated, dual element sensor and a multi-element
Fresnel lens.

5. Cover up to 300 SF for walking motion, with a field of view of 180 degrees.

6. System voltage:  120 Vac or 277 Vac.

7. No minimum load.

1. 0 to 500 watts incandescent, 0 to 800 watts fluorescent or 1/6 HP at 120
Vac, 60 Hz.

2. 0 to 1200 watts fluorescent or 1/3 HP at 277 Vac, 60 Hz.

8. DIP switch to control the following functions:

1. Built-in light level feature adjustable from 8 to 180 foot candles.

2. AUTOMATIC-ON or MANUAL-ON operation.

3. Time delay adjustable from 30 seconds to 30 minutes.

4. High/low sensitivity adjustments.
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9. Adjustments and mounting hardware under a removable, tamper-resistant
cover.

10. Normal operation:  OFF and AUTO.

C. Ultrasonic Ceiling Sensor:

1. Detection of Doppler shifts in transmitted ultrasound.

2. Ultrasonic sensing is volumetric in coverage with a frequency of 32 kHz and
automatically adjust the detection threshold dynamically to compensate for
constantly changing levels of activity and air flow throughout controlled
areas.

3. Temperature and humidity resistant, 32 kHz tuned ultrasonic receivers.

1. Receivers have less than a 6 dB shift in the humidity range of 10 percent
to 90 percent and less than a 10 dB shift in the temperature range of -
20 to 60 DegC.

4. DIP switch to control the following functions:

1. Override-ON function for use in the event of failure.

2. Time delay adjustable from 15 seconds to 30 minutes.

3. High/low sensitivity adjustments.

5. Cover 360 degrees and hallway and corridor sensors shall cover up to 90
linear feet.

6. Additional single-pole, double-throw isolated relay with normally open,
normally closed, and common outputs rated at 1 amp for 24 Vdc.

1. The isolated relay is for use with HVAC control, data logging and other
control options.

D. Power Pack:

1. Self contained transformer and relay module.

2. Dry contacts capable of switching:

1. 20 amp ballast load, 13 amp incandescent, 1 HP at 120 Vac, 60 Hz.

2. 20 amp ballast at 277 Vac, 60 Hz.

3. 24 Vdc, 100 mA output.

4. Capable of parallel wiring without regard to AC phases on primary.

5. Used as a stand alone, low voltage switch or wired to sensor for auto
control.

6. Low voltage Teflon coated leads, rated for 300 V, suitable for use in plenum
applications.
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2.11  USB CHARGER DEVICES

A. Tamper-Resistant, USB Charger Receptacles: 12 V dc, 2.0 A, USB Type A;
comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, UL 1310,
and FS W-C-596.

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

1. Eaton

2. Hubbell

3. Legrand

2. Description: Single-piece, rivetless, nickel-plated, all-brass grounding
system. Nickel-plated, brass mounting strap.

3. USB Receptacles: Dual Quad, Type A.

4. Line Voltage Receptacles: Dual, two pole, three wire, and self-grounding.

2.12 POKE-THROUGH ASSEMBLIES

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

1. Square D

2. Hubbell

3. Legrand

B. Description:

1. Factory-fabricated and -wired assembly of below-floor junction box with
multichanneled, through-floor raceway/firestop unit and detachable
matching floor service-outlet assembly.

2. Comply with UL 514 scrub water exclusion requirements.

3. Service-Outlet Assembly: Flush type with four simplex receptacles and
space for four RJ-45 jacks complying with requirements in Section 27 15 00
"Communications Horizontal Cabling"

4. Size: Selected to fit nominal cored holes in floor and matched to floor
thickness.

5. Fire Rating: Unit is listed and labeled for fire rating of floor-ceiling assembly.

6. Closure Plug: Arranged to close unused cored openings and reestablish fire
rating of floor.

7. Wiring Raceways and Compartments: For a minimum of four No. 12 AWG
conductors and a minimum of four, four-pair cables.
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2.13 PREFABRICATED MULTIOUTLET ASSEMBLIES

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project are as follows:

1. Square D

2. Hubbell

3. Legrand

B. Description:

1. Two-piece surface metal raceway, with factory-wired multioutlet harness.

2. Components shall be products from single manufacturer designed for use
as a complete, matching assembly of raceways and receptacles.

C. Raceway Material: Metal, with manufacturer's standard finish.

D. Multioutlet Harness:

1. Receptacles: 15-A, 125-V, NEMA WD 6 Configuration 5-15R receptacles
complying with NEMA WD 1, UL 498, and FS W-C-596.

2. Receptacle Spacing: 12 inches (300 mm).

3. Wiring: No. 12 AWG solid, Type THHN copper.

2.14 SERVICE POLES

A. Description:

1. Factory-assembled and -wired units to extend power and voice and data
communication from distribution wiring concealed in ceiling to devices or
outlets in pole near floor.

2. Poles: Nominal 2.5-inch- (65-mm-) square cross section, with height
adequate to extend from floor to at least 6 inches (150 mm) above ceiling,
and with separate channels for power wiring and voice and data
communication cabling.

3. Mounting: Ceiling trim flange with concealed bracing arranged for positive
connection to ceiling supports; with pole foot and carpet pad attachment.

4. Finishes: Satin-anodized aluminum.

5. Wiring: Sized for minimum of five No. 12 AWG power and ground
conductors and a minimum of four, four-pair, Category 6 voice and data
communication cables.

6. Power Receptacles: Two duplex, 20-A, straight-blade receptacles
complying with requirements in this Section.

7. Data Communication Outlets: Four RJ-45 jacks complying with
requirements in Section 27 15 00 "Communications Horizontal Cabling".
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2.15 FINISHES

A. Device Color:

1. Wiring Devices Connected to Normal Power System: White unless
otherwise indicated or required by NFPA 70 or device listing.

2. Wiring Devices Connected to Emergency Power System: Red.

3. SPD Devices: Blue.

4. Isolated-Ground Receptacles: Orange.

B. Wall Plate Color: For plastic covers, match device color.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Mount devices where indicated on the Drawings and as scheduled in Section
26 05 00.

C. See Section 26 05 33 for device outlet box requirements.

D. Where more than one (1) receptacle is installed in a room, they shall be
symmetrically arranged.

1. GFCI receptacles wired on side only (no feed through).

E. Provide blank plates for empty outlets.

F. Occupancy Sensors:

1. Locations and quantity of sensors shown on the Drawings are diagrammatic
and indicate only the rooms and spaces to be provided with sensors.

2. Verify sensor type, quantity, location, aiming and sensitivity with
manufacturer's recommendations.

3. All controlled spaces shall be tested to insure 90 to 100 percent coverage of
the controlled space.

1. If test fails, adjust sensitivity, re-aim, relocate, and/or add sensor(s) as
required at no cost to Owner.

4. Power supplies and slave units if required shall be located above accessible
ceilings.

END OF SECTION
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SECTION 26 28 00

LOW VOLTAGE OVERCURRENT AND SHORT CIRCUIT PROTECTIVE DEVICES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Low voltage circuit breakers.

2. Low voltage fuses.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of

the Contract

2. Division 01 - General Requirements

3. Section 26 05 73 - Overcurrent Protective Device Coordination Study

4. Section 26 08 13 - Acceptance Testing

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost

in associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,

payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards

1. Institute of Electrical and Electronics Engineers, Inc. (IEEE)

a. C37.13, Standard for Low-Voltage AC Power Circuit Breakers Used

in Enclosures

b. C37.16, Low-Voltage Power Circuit Breakers and AC Power Circuit

Protectors - Preferred Ratings, Related Requirements, and

Application Recommendations

c. C37.17, Trip Devices for AC and General Purpose DC Low Voltage

Power Circuit Breakers
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2. National Electrical Manufacturers Association (NEMA)

a. AB 1, Molded-Case Circuit Breakers, Molded Case Switches, and

Circuit-Breaker Enclosures. (Equivalent to UL 489)

3. National Fire Protection Association (NFPA)

a. 70, National Electrical Code (NEC)

4. Underwriters Laboratories, Inc. (UL)

a. 248-1, Low-Voltage Fuses - Part 1:  General Requirements

b. All Parts of Section 248 as applicable

c. 489, Standard for Safety Molded-Case Circuit Breakers, Molded-

Case Switches, and Circuit-Breaker Enclosures

d. 943, Standard for Safety for Ground-Fault Circuit-Interrupters

e. 1066, Standard for Low-Voltage AC and DC Power Circuit Breakers

Used in Enclosures

1.4 SUBMITTALS

A. Shop Drawings

1. See Section 01 33 00 for requirements for the mechanics and

administration of the submittal process.

2. Product technical data including:

a. Provide submittal data for all products specified in PART 2 of this

Section.

b. See Section 26 05 00 for additional requirements.

B. Operation and Maintenance Manual

1. See Section 01 33 00 and Section 01 78 23 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

2. See Section 01 33 00 for requirements for the mechanics and

administration of the submittal process.

3. Reports:

a. As-left condition of all circuit breakers that have adjustable settings.
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PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following

manufacturers are acceptable:

1. Circuit breakers:

a. Eaton.

b. General Electric Company.

c. Square D Company.

d. Siemens.

2. Fuses:

a. Bussmann, Inc.

b. Littelfuse, Inc.

c. Mersen.

2.2 CIRCUIT BREAKERS

A. Molded Case Type:

1. General:

a. Standards:  NEMA AB 1, UL 489.

b. Unit construction.

c. Over-center, toggle handle operated.

d. Quick-make, quick-break, independent of toggle handle operation.

e. Manual and automatic operation.

f. All poles open and close simultaneously.

g. Three (3) position handle:  On, off and tripped.

h. Molded-in ON and OFF markings on breaker cover.

i. One-, two- or three-pole as indicated on the Drawings.

j. Current and interrupting ratings as indicated on the Drawings.

k. Bolt on type.

2. Thermal magnetic type:

a. Inverse time overload and instantaneous short circuit protection by

means of a thermal magnetic element.

b. Frame size 150 amp and below:

1) Non-interchangeable, non-adjustable thermal magnetic trip

units.
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c. Frame sizes 225 to 400 amp (trip settings less than 400A):

1) Interchangeable and adjustable instantaneous thermal

magnetic trip units.

d. Ground Fault Circuit Interrupter (GFCI) Listed:

1) Standard:  UL 943.

2) One- or two-pole as indicated on the Drawings.

3) Class A ground fault circuit.

4) Trip on 5 mA ground fault (4-6 mA range).

e. Ground Fault Equipment Protective Circuit Interrupter (GFEPCI)

Listed:

1) Standard:  UL 1053.

2) Trip on 30 mA ground fault (6-50 mA range).

3. Solid state trip type:

a. Inverse time overload, instantaneous short circuit and ground fault

protection by means of a solid state trip element, associated current

monitors and flux shunt trip mechanism.

b. Frame size 400 amp to 1200 amp (trip settings between 400 and

1200A):

1) Standard rating.

2) Interchangeable current sensor or rating plug.

3) Adjustable long time pick-up setting.

a) Adjustable from 50 to 100 percent of the current sensor or

rating plug.

4) Adjustable short time pick-up setting.

5) Adjustable instantaneous pick-up.

6) Fixed ground fault pick-up, when indicated on the Drawings.

c. Frame size 1600 amp and above:

1) 100 percent rated.

2) Interchangeable current sensor or rating plug.

3) Adjustable long time pick-up setting.

a) Adjustable from 50 to 100 percent of the current sensor or

rating plug.

4) Adjustable long time delay setting.

5) Adjustable short time pick-up setting.

6) Adjustable instantaneous pick-up setting.

7) Adjustable ground fault pick-up setting, when indicated on the

Drawings.



WHCRWA LOW VOLTAGE OVERCURRENT AND

CENTRAL PUMP STATION SHORT CIRCUIT PROTECTIVE DEVICES

WHCRWA CENTRAL PUMP STATION
LOW VOLTAGE OVERCURRENT AND SHORT CIRCUIT PROTECTIVE DEVICES

26 28 00 - 5 OF 10

8) Adjustable ground fault delay setting, when indicated on the

Drawings.

4. Motor circuit protector:

a. Adjustable instantaneous short circuit protection by means of a

magnetic or solid state trip element.

b. Sized for the connected motor.

B. Insulated Case Type:

1. Inverse time overload, instantaneous short circuit and ground fault

protection by means of a solid state trip element, associated current

monitors and two-step stored energy trip mechanism.

2. Standards:  NEMA AB 1, UL 489.

3. 100 percent rated.

4. Manually operated (MO) unless electrically operated (EO)

5. Motor driven operator for charging mechanism with open, close and

charge push button.

6. Draw out construction:

a. Roll out type operated by removable crank handle and interlocked

with the door.

b. Four (4) positions:  Connected, test, disconnected and removed.

c. Cell switches to short out ground fault relay when main or tie breaker

is drawn out.

7. Current and interrupting ratings as indicated on the Drawings.

8. Selective override circuit on breakers with short time settings and without

instantaneous settings that allow selectivity up to the breakers RMS

symmetrical short time rating.

a. The selective override circuit shall allow the breaker to ride through

a fully offset (asymmetrical) fault equal to its RMS symmetrical short

time rating in a system having an X/R ration of 6.6 with a maximum

single phase peak current of 2.3 times the RMS symmetrical short

time range.

9. Frame size 400 amp and above:

a. Interchangeable current sensor or rating plug:

b. Adjustable long time pick-up setting.

1) Adjustable from 50 to 100 percent of the current sensor or rating

plug.

c. Adjustable long time delay setting.

d. Adjustable short time pick-up setting.
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e. Adjustable instantaneous pick-up setting.

f. Adjustable ground fault pick-up setting, when indicated on the

Drawings.

g. Adjustable ground fault delay setting, when indicated on the

Drawings.

C. Low Voltage Power Type:

1. Inverse time overload, instantaneous short circuit and ground fault

protection by means of a solid state trip element, associated current

monitors and two-step stored energy trip mechanism.

2. Standards:  IEEE C37.13, IEEE C37.16, IEEE C37.17, UL 1066.

3. 100 percent rated.

4. Electrically operated (EO) or manually operated (MO) as indicated on the

Drawings.

5. Manually operated breakers:

a. Close/Open pushbuttons.

b. Red and green indicators to indicate breaker position.

6. Motor driven operator for charging mechanism with open, close and

charge push button.

7. Stored energy mechanism position indicator.

8. Contact position indicator:  Reversible 52a/52b contacts, quantity as

indicated on the Drawings.

9. Truck operated cell switch (52TOC) when indicated on the Drawings.

10. Bell alarm with manual reset when indicated on the Drawings.

11. Draw out construction:

a. Roll out type operated by removable crank handle and interlocked

with the door.

b. Four (4) positions:  Connected, test, disconnected and removed.

c. Cell switches to short out ground fault relay when main or tie breaker

is drawn out.

12. Current and interrupting ratings as indicated on the Drawings and a 30-

cycle short-time withstand ratings equal to their symmetrical interrupting

ratings, regardless of whether equipped with instantaneous trip protection

or not.

13. Current limiters:

a. Integrally mounted on 2000 amp frames and less and separate draw-

out limiter on 3200 amp and larger.

b. Coordinated with the trip unit to avoid unnecessary blowing of the

current limiters.
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c. Anti-single-phasing device to trip breaker in the event of a blown

limiter, indicator to indicate which limiter is blown and prevent

breaker from being re-closed on a single-phase condition.

d. Current limiting fuses:  200,000 amp RMS symmetrical interrupting

capacity.

14. Frame size 800 amp and above

a. Interchangeable current sensor or rating plug:

b. Adjustable long time pick-up setting.

1) Adjustable from 50 to 100 percent of the current sensor or rating

plug.

c. Adjustable long time delay setting.

d. Adjustable short time pick-up setting.

e. Adjustable instantaneous pick-up setting.

f. Adjustable ground fault pick-up setting.

g. Adjustable ground fault delay setting.

h. Unit status indicator.

i. Cause of trip indicator.

j. Current display.

D. UL Class L fuses:

1. Standard:  UL 248-1 and UL 248-10.

2. Dual-element time-delay and current limiting type.

3. Ratings:  600 V, 601-6000 amps and 200,000 RMS AIC symmetrical.

E. UL Class J fuses:

1. Standard:  UL 248-1 and UL 248-8.

2. Dual-element time-delay and current limiting rejection type.

3. Ratings:  600 V, 0-600 amps and 200,000 RMS AIC symmetrical.

F. UL Class RK-1 fuses:

1. Standard:  UL 248-1 and UL 248-12.

2. Single-element fast-acting and current limiting rejection type.

3. Dual-element time-delay and current limiting rejection type.

4. Ratings:  250 and 600 V, 1/10-600 amps and 200,000 RMS AIC

symmetrical.

G. UL Class RK-5 fuses:

1. Standard:   UL 248-1 and UL 248-12.

2. Dual-element time-delay and current limiting rejection type.
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3. Ratings:  250 and 600 V, 1/10-600 amps and 200,000 RMS AIC

symmetrical.

H. UL Class CC fuses:

1. Standard:   UL 248-1 and UL 248-4.

2. Single-element fast-acting and current limiting rejection type.

3. Ratings:  250 and 600 V, 1/10-30 amps and 200,000 RMS AIC

symmetrical.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Current and interrupting ratings as.

B. Series rated systems not acceptable.

C. Devices shall be ambient temperature compensated.

D. Circuit Breakers:

1. Molded case circuit breakers shall incorporate the following, unless

indicated otherwise on the Drawings:

a. Frame sizes 400 amp and less with trip setting less than 400A shall

be thermal magnetic type.

b. Frame sizes 400 amp and larger shall be solid state trip type.

c. Frame sizes 1000 amp and above shall include integral ground fault

protection, when indicated on the Drawings.

d. Motor circuit protectors sized for the connected motor.

2. Insulated case circuit breakers shall incorporate the following, unless

indicated otherwise on the Drawings:

a. Set current sensor or rating plugs long time pick-up setting so that

the indicated trip level is near the 75 percent trip point.

b. Frame sizes 1000 amp and above shall include integral ground fault

protection, when indicated on the Drawings.

3. Low voltage power circuit breakers shall incorporate the following, unless

indicated otherwise on the Drawings:

a. Set current sensor or rating plugs long time pick-up setting so that

the indicated trip level is near the 75 percent trip point.
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b. Frame sizes 1000 amp and above shall include integral ground fault

protection, when indicated on the Drawings.

c. Remove, override or turn off instantaneous setting when indicated

on the Drawings.

E. Fuses:

1. UL Class RK-1 (dual element):  Use for motor feeder and branch circuit

devices.

2. UL Class RK-5:  Use for motor feeder and branch circuit devices.

3.2 FIELD QUALITY CONTROL

A. ARC FLASH Adjustable Circuit Breakers

1. Set all circuit breakers with adjustable taps as defined in the coordination

study, except adjust motor circuit protectors per the motor nameplate and

NFPA 70 requirements.  See Section 26 05 73 “Overcurrent Protective

Device Coordination Study”.

2. Acceptance testing:  See Section 26 08 13.

END OF SECTION
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SECTION 26 28 13

FUSES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to this
Section.

1.2 SUMMARY

A. Section Includes:

1. Cartridge fuses rated 600 V ac and less for use in the following:

a. Control circuits.

b. Motor-control centers.

c. Panelboards.

d. Switchboards.

e. Enclosed controllers.

f. Enclosed switches.

2. Spare-fuse cabinets.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product. Include construction details, material
descriptions, dimensions of individual components and profiles, and finishes for
spare-fuse cabinets. Include the following for each fuse type indicated:

1. Ambient Temperature Adjustment Information: If ratings of fuses have been
adjusted to accommodate ambient temperatures, provide list of fuses with
adjusted ratings.

a. For each fuse having adjusted ratings, include location of fuse, original
fuse rating, local ambient temperature, and adjusted fuse rating.

b. Provide manufacturer's technical data on which ambient temperature
adjustment calculations are based.

2. Dimensions and manufacturer's technical data on features, performance,
electrical characteristics, and ratings.

3. Current-limitation curves for fuses with current-limiting characteristics.

4. Time-current coordination curves (average melt) and current-limitation
curves (instantaneous peak let-through current) for each type and rating of
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fuse. Submit in electronic format suitable for use in coordination software
and in PDF format.

5. Coordination charts and tables and related data.

6. Fuse sizes for elevator feeders and elevator disconnect switches.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For fuses to include in emergency, operation,
and maintenance manuals. In addition to items specified in Section 017823
"Operation and Maintenance Data," include the following:

1. Ambient temperature adjustment information.

2. Current-limitation curves for fuses with current-limiting characteristics.

3. Time-current coordination curves (average melt) and current-limitation
curves (instantaneous peak let-through current) for each type and rating of
fuse used on the Project. Submit in PDF format.

4. Coordination charts and tables and related data.

1.5 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged with
protective covering for storage and identified with labels describing contents.

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but
no fewer than three of each size and type.

1.6 FIELD CONDITIONS

A. Where ambient temperature to which fuses are directly exposed is less than 40
deg F (5 deg C) or more than 100 deg F (38 deg C), apply manufacturer's
ambient temperature adjustment factors to fuse ratings.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering
products that may be installed in project are as follows:

1. Bussman, Eaton Business

2. Edison

3. Littelfuse, Inc.

4. Mersen USA

B. Source Limitations: Obtain fuses, for use within a specific product or circuit, from
single source from single manufacturer.
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2.2 CARTRIDGE FUSES

A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with
voltage ratings consistent with circuit voltages.

1. Type RK-1: 600-V, zero- to 600-A rating, 200 kAIC, time delay.

2. Type RK-5: 600-V, zero- to 600-A rating, 200 kAIC, time delay.

3. Type CC: 600-V, zero- to 30-A rating, 200 kAIC, fast acting.

4. Type CD: 600-V, 31- to 60-A rating, 200 kAIC, fast acting.

5. Type J: 600-V, zero- to 600-A rating, 200 kAIC, time delay.

6. Type L: 600-V, 601- to 6000-A rating, 200 kAIC, time delay.

7. Type T:  600-V, zero- to 800-A rating, 200 kAIC, very fast acting.

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined
in NFPA 70, by a qualified testing agency, and marked for intended location and
application.

C. Comply with NEMA FU 1 for cartridge fuses.

D. Comply with NFPA 70.

E. Coordinate fuse ratings with utilization equipment nameplate limitations of
maximum fuse size and with system short-circuit current levels.

2.3 SPARE-FUSE CABINET

A. Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged
door and key-coded cam lock and pull.

1. Size: Adequate for storage of spare fuses specified with 15 percent spare
capacity minimum.

2. Finish: Gray, baked enamel.

3. Identification: "SPARE FUSES" in 1-1/2-inch- (38-mm-) high letters on
exterior of door.

4. Fuse Pullers: For each size of fuse, where applicable and available, from
fuse manufacturer.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine fuses before installation. Reject fuses that are moisture damaged or
physically damaged.

B. Examine holders to receive fuses for compliance with installation tolerances and
other conditions affecting performance, such as rejection features.
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C. Examine utilization equipment nameplates and installation instructions. Install
fuses of sizes and with characteristics appropriate for each piece of equipment.

D. Evaluate ambient temperatures to determine if fuse rating adjustment factors
must be applied to fuse ratings.

E. Proceed with installation only after unsatisfactory conditions have been
corrected.

3.2 FUSE APPLICATIONS

A. Cartridge Fuses:

1. Service Entrance: Class RK1, time delay.

2. Feeders: Class RK1, time delay.

3. Motor Branch Circuits: Class CC, motor duty, time delay.

4. Large Motor Branch (601-4000 A): Class L, time delay.

5. Power Electronics Circuits: Class J, high speed.

6. Other Branch Circuits: Class RK1, time delay.

7. Control Transformer Circuits: Class CC, time delay, control transformer
duty.

8. Provide open-fuse indicator fuses or fuse covers with open fuse indication.

3.3 INSTALLATION

A. Install fuses in fusible devices. Arrange fuses so rating information is readable
without removing fuse.

B. Install spare-fuse cabinet(s) in location shown on the Drawings or as indicated in
the field by Owner.

3.4 IDENTIFICATION

A. Install labels complying with requirements for identification specified in Section 10
14 00 "Identification Devices" and indicating fuse replacement information inside
of door of each fused switch and adjacent to each fuse block, socket, and holder.

END OF SECTION
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SECTION 26 28 16 

SAFETY SWITCHES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Safety switches. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 

Contract. 

2. Division 01 - General Requirements. 

3. Section 26 05 00 - Electrical:  Basic Requirements. 

4. Section 26 28 00 – Low Voltage Overcurrent and Short Circuit Devices. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 

associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment 

for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

b. KS 1, Enclosed and Miscellaneous Distribution Equipment Switches (600 

Volts Maximum). 

2. Underwriters Laboratories, Inc. (UL): 

a. 98, Enclosed and Dead-Front Switches. 



 WHCRWA 

SAFETY SWITCHES CENTRAL PUMP STATION       

 
 

WHCRWA CENTRAL PUMP STATION 
SAFETY SWITCHES 

26 28 16 - 2 of 18 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01 33 00 for requirements for the mechanics and administration 

of the submittal process. 

2. Product technical data: 

a. Provide submittal data for all products specified in PART 2 of this Section. 

b. Provide a table that associates safety switch model number with 

connected equipment tag number. 

c. See Section 26 05 00 for additional requirements. 

B. Operation and Maintenance Manuals: 

1. See Section 01 33 00 and Section 01 78 23 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS 

A. Subject to compliance with the Contract Documents, the following safety switch 

manufacturers are acceptable: 

1. Cutler-Hammer 

2. General Electric Company 

3. Square D Company 

B. Submit request for substitution in accordance with Section 01 25 13. 

C. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent 

protective devices, components, and accessories, within same product category, 

from single manufacturer. 

D. Product Selection for Restricted Space: Drawings indicate maximum dimensions 

for enclosed switches and circuit breakers, including clearances between 

enclosures, and adjacent surfaces and other items. Comply with indicated 

maximum dimensions. 

E. Electrical Components, Devices, and Accessories: Listed and labeled as defined 

in NFPA 70, by an NRTL, and marked for intended location and application. 
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F. Comply with NFPA 70 

2.2 FUSIBLE SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be installed in project are as follows: 

1. Eaton 

2. Siemens Industry, Inc. 

3. Square D 

B. Type HD, Heavy Duty: 

1. Single throw. 

2. Three pole. 

3. 600-V ac. 

4. 200 A and smaller. 

5. UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to 

accommodate indicated fuses. 

6. Lockable handle with capability to accept three padlocks, and interlocked 

with cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and 

aluminum ground conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and 

bonded; labeled for copper and aluminum neutral conductors. 

3. Isolated Ground Kit: Internally mounted; insulated, labeled for copper and 

aluminum neutral conductors. 

4. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses 

are specified. 

5. Auxiliary Contact Kit: Two NO/NC (Form "C") auxiliary contact(s), arranged 

to activate before switch blades open. Contact rating - 120-V ac. 

6. Hookstick Handle: Allows use of a hookstick to operate the handle. 

7. Lugs: Compression type, suitable for number, size, and conductor material. 

8. Service-Rated Switches: Labeled for use as service equipment. 

2.3 NONFUSIBLE SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be installed in project are as follows: 
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1. Eaton 

2. Siemens Industry, Inc. 

3. Square D 

B. Type GD, General Duty, Three Pole, Single Throw, 240-V ac, 600 A and Smaller: 

UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to 

accept two padlocks, and interlocked with cover in closed position. 

C. Type HD, Heavy Duty, Three Pole, Single Throw, 600-V ac, 1200 A and Smaller: 

UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to 

accept three padlocks, and interlocked with cover in closed position. 

D. Type HD, Heavy Duty, Six Pole, Single Throw, 600-V ac, 200 A and Smaller: UL 

98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept 

three padlocks, and interlocked with cover in closed position. 

E. Type HD, Heavy Duty, Three Pole, Double Throw, 600-V ac, 1200 A and Smaller: 

UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to 

accept three padlocks, and interlocked with cover in closed position. 

F. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and 

aluminum ground conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and 

bonded; labeled for copper and aluminum neutral conductors. 

3. Isolated Ground Kit: Internally mounted; insulated, labeled for copper and 

aluminum neutral conductors. 

4. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses 

are specified. 

5. Auxiliary Contact Kit: Two NO/NC (Form "C") auxiliary contact(s), arranged 

to activate before switch blades open. Contact rating - 120-V ac. 

6. Hookstick Handle: Allows use of a hookstick to operate the handle. 

7. Lugs: Compression type, suitable for number, size, and conductor material. 

8. Service-Rated Switches: Labeled for use as service equipment. 

2.4 SHUNT TRIP SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be installed in project are as follows: 

1. Bussmann 
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2. Littelfuse, Inc. 

3. Meresen USA 

B. General Requirements: Comply with ASME A17.1, UL 50, and UL 98, with Class 

J fuse block and 200-kA interrupting and short-circuit current rating. 

C. Type HD, Heavy-Duty, Three Pole, Single-Throw Fusible Switch: 600-V ac; UL 

98 and NEMA KS 1; integral shunt trip mechanism; horsepower rated, with clips 

or bolt pads to accommodate indicated fuses; lockable handle with capability to 

accept three padlocks; interlocked with cover in closed position. 

D. Type HD, Heavy-Duty, Three Pole, Single-Throw Nonfusible Switch: 600-V ac; 

UL 98 and NEMA KS 1; integral shunt trip mechanism; horsepower rated, 

lockable handle with capability to accept three padlocks; interlocked with cover 

in closed position. 

E. Control Circuit: 120-V ac; obtained from integral control power transformer, with 

primary and secondary fuses with a control power transformer of enough capacity 

to operate shunt trip, pilot, indicating and control devices. 

F. Accessories: 

1. Oiltight key switch for key-to-test function. 

2. Oiltight green ON pilot light. 

3. Isolated neutral lug; 200 percent rating. 

4. Mechanically interlocked auxiliary contacts that change state when switch is 

opened and closed. 

5. Form C alarm contacts that change state when switch is tripped. 

6. Three-pole, double-throw, fire-safety and alarm relay; 120-V ac coil voltage. 

7. Three-pole, double-throw, fire-alarm voltage monitoring relay complying with 

NFPA 72. 

8. Neutral Kit: Internally mounted; insulated, capable of being grounded and 

bonded; labeled for copper and aluminum neutral conductors. 

9. Isolated Ground Kit: Internally mounted; insulated, labeled for copper and 

aluminum neutral conductors. 

10. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses 

are specified. 

11. Auxiliary Contact Kit: Two NO/NC (Form "C") auxiliary contact(s), arranged 

to activate before switch blades open. Contact rating - 120-V ac. 

12. Hookstick Handle: Allows use of a hookstick to operate the handle. 

13. Lugs: Compression type, suitable for number, size, and conductor material. 
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14. Service-Rated Switches: Labeled for use as service equipment. 

2.5 MOLDED-CASE CIRCUIT BREAKERS 

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be installed in project are as follows: 

1. Eaton 

2. Siemens Industry, Inc. 

3. Square D 

B. Circuit breakers shall be constructed using glass-reinforced insulating material. 

Current carrying components shall be completely isolated from the handle and 

the accessory mounting area. 

C. Circuit breakers shall have a toggle operating mechanism with common tripping 

of all poles, which provides quick-make, quick-break contact action. The circuit-

breaker handle shall be over center, be trip free, and reside in a tripped position 

between on and off to provide local trip indication. Circuit-breaker escutcheon 

shall be clearly marked on and off in addition to providing international I/O 

markings. Equip circuit breaker with a push-to-trip button, located on the face of 

the circuit breaker to mechanically operate the circuit-breaker tripping mechanism 

for maintenance and testing purposes. 

D. The maximum ampere rating and UL, IEC, or other certification standards with 

applicable voltage systems and corresponding interrupting ratings shall be clearly 

marked on face of circuit breaker. Circuit breakers shall be 100 percent rated. 

Circuit breaker/circuit breaker combinations for series connected interrupting 

ratings shall be listed by UL as recognized component combinations. Any series 

rated combination used shall be marked on the end-use equipment along with 

the statement "Caution - Series Rated System. _____ Amps Available. Identical 

Replacement Component Required." 

E. MCCBs shall be equipped with a device for locking in the isolated position. 

F. Lugs shall be suitable for 194 deg F (90 deg C) rated wire, sized according to the 

167 deg F (75 deg C) temperature rating in NFPA 70. 

G. Standard: Comply with UL 489 with interrupting capacity to comply with available 

fault currents. 
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H. Thermal-Magnetic Circuit Breakers: Inverse time-current thermal element for low-

level overloads and instantaneous magnetic trip element for short circuits. 

Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger. 

I. Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-

mounted, field-adjustable trip setting. 

J. Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, with 

the following field-adjustable settings: 

1. Instantaneous trip. 

2. Long- and short-time pickup levels. 

3. Long- and short-time time adjustments. 

4. Ground-fault pickup level, time delay, and I-squared t response. 

K. Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller, and let-

through ratings less than NEMA FU 1, RK-5. 

L. Integrally Fused Circuit Breakers: Thermal-magnetic trip element with integral 

limiter-style fuse listed for use with circuit breaker and trip activation on fuse 

opening or on opening of fuse compartment door. 

M. Ground-Fault Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole 

configurations with Class A ground-fault protection (6-mA trip). 

N. Ground-Fault Equipment-Protection (GFEP) Circuit Breakers: With Class B 

ground-fault protection (30-mA trip). 

O. Features and Accessories: 

1. Standard frame sizes, trip ratings, and number of poles. 

2. Lugs: Compression type, suitable for number, size, trip ratings, and 

conductor material. 

3. Application Listing: Appropriate for application; Type SWD for switching 

fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity 

discharge lighting circuits. 

4. Ground-Fault Protection: Comply with UL 1053; integrally mounted, self-

powered type with mechanical ground-fault indicator; relay with adjustable 

pickup and time-delay settings, push-to-test feature, internal memory, and 

shunt trip unit; and three-phase, zero-sequence current transformer/sensor. 
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5. Communication Capability: Din-rail-mounted communication module with 

functions and features compatible with power monitoring and control system, 

specified in Section 260913 "Electrical Power Monitoring and Control." 

6. Shunt Trip: Trip coil energized from separate circuit, with coil-clearing 

contact. 

7. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without 

intentional time delay. 

8. Auxiliary Contacts: Two SPDT switches with "a" and "b" contacts; "a" 

contacts mimic circuit-breaker contacts, "b" contacts operate in reverse of 

circuit-breaker contacts. 

9. Alarm Switch: One NC contact that operates only when circuit breaker has 

tripped. 

10. Electrical Operator: Provide remote control for on, off, and reset operations. 

11. Accessory Control Power Voltage: Integrally mounted, self-powered; 120-V 

ac. 

2.6 MOLDED-CASE SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be installed in project are as follows: 

1. Eaton 

2. Siemens Industry, Inc. 

3. Square D 

B. Description: MCCB with fixed, high-set instantaneous trip only, and short-circuit 

withstand rating equal to equivalent breaker frame size interrupting rating. 

C. Standard: Comply with UL 489 with interrupting capacity to comply with available 

fault currents. 

D. Features and Accessories: 

1. Standard frame sizes and number of poles. 

2. Lugs: 

a. Compression type, suitable for number, size, trip ratings, and conductor 

material. 

b. Lugs shall be suitable for 194 deg F (90 deg C) rated wire, sized 

according to the 167 deg F (75 deg C) temperature rating in NFPA 70. 
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3. Ground-Fault Protection: Comply with UL 1053; remote-mounted and 

powered type with mechanical ground-fault indicator; relay with adjustable 

pickup and time-delay settings, push-to-test feature, internal memory, and 

shunt trip unit; and three-phase, zero-sequence current transformer/sensor. 

4. Shunt Trip: Trip coil energized from separate circuit, with coil-clearing 

contact. 

5. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without 

intentional time delay. 

6. Auxiliary Contacts: Two SPDT switches with "a" and "b" contacts; "a" 

contacts mimic switch contacts, "b" contacts operate in reverse of switch 

contacts. 

7. Alarm Switch: One NC contact that operates only when switch has tripped. 

8. Key Interlock Kit: Externally mounted to prohibit switch operation; key shall 

be removable only when switch is in off position. 

9. Zone-Selective Interlocking: Integral with ground-fault shunt trip unit; for 

interlocking ground-fault protection function. 

10. Electrical Operator: Provide remote control for on, off, and reset operations. 

11. Accessory Control Power Voltage: Integrally mounted, self-powered; 120-V 

ac. 

2.7 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and 

UL 50, to comply with environmental conditions at installed location. 

B. Enclosure Finish: The enclosure shall be gray baked enamel paint, 

electrodeposited on cleaned, phosphatized steel (NEMA 250 Type 1), gray baked 

enamel paint, electrodeposited on cleaned, phosphatized galvannealed steel 

(NEMA 250 Types 3R, 12), or a brush finish on Type 304 stainless steel (NEMA 

250 Type 4-4X stainless steel) as called out in plans. 

C. Conduit Entry: NEMA 250 Types 4, 4X, and 12 enclosures shall contain no 

knockouts. NEMA 250 Types 7 and 9 enclosures shall be provided with threaded 

conduit openings in both endwalls. 
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D. Operating Mechanism: The circuit-breaker operating handle shall be externally 

operable with the operating mechanism being an integral part of the box, not the 

cover.  The cover interlock mechanism shall have an externally operated 

override. The override shall not permanently disable the interlock mechanism, 

which shall return to the locked position once the override is released. The tool 

used to override the cover interlock mechanism shall not be required to enter the 

enclosure in order to override the interlock. 

E. Enclosures designated as NEMA 250 Type 4, 4X stainless steel, 12, or 12K shall 

have a dual cover interlock mechanism to prevent unintentional opening of the 

enclosure cover when the circuit breaker is ON and to prevent turning the circuit 

breaker ON when the enclosure cover is open. 

F. NEMA 250 Type 7/9 enclosures shall be furnished with a breather and drain kit 

to allow their use in outdoor and wet location applications. 

2.8 SAFETY SWITCHES 

A. General: 

1. Non-fusible or fusible as indicated on the Drawings. 

2. Suitable for service entrance when required. 

3. NEMA Type HD heavy-duty construction. 

4. Switch blades will be fully visible in the OFF position with the enclosure door 

open. 

5. Quick-make/quick-break operating mechanism. 

6. Deionizating arc chutes. 

7. Manufacture double-break rotary action shaft and switchblade as one (1) 

common component. 

8. Clear line shields to prevent accidental contact with line terminals. 

9. Operating handle (except NEMA 7 and NEMA 9 rated enclosures): 

a. Red and easily recognizable. 

b. Padlockable in the OFF position 

c. Interlocked to prevent door from opening when the switch is in the ON 

position with a defeater mechanism. 

B. Ratings: 

1. Horsepower rated of connected motor. 

2. Voltage and amperage:  As indicated on the Drawings. 

3. Short circuit withstand: 

a. Non-fused:  10,000A. 
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b. Fused:  200,000A. 

C. Accessories, when indicated in PART 3 of this Section or on the Drawings: 

1. Neutral kits. 

2. Ground lug kits. 

3. Auxiliary contact kits with 1 N.O. and 1 N.C. contact. 

D. Enclosures: 

1. NEMA 1 rated: 

a. Body and cover:  Sheet steel finished with rust inhibiting primer and 

manufacturer’s standard paint inside and out. 

b. With or without knockouts, hinged and lockable door. 

2. NEMA 4X rated (metallic): 

a. Body and cover:  Type 304 stainless steel. 

b. No knockouts, external mounting flanges, hinged and gasketed door. 

3. NEMA 4X rated (non-metallic): 

a. Body and cover:  Ultraviolet light protected fiberglass-reinforced 

polyester boxes. 

b. No knockouts, external mounting flanges, hinged, gasketed and lockable 

door. 

4. NEMA 7 and NEMA 9 rated: 

a. Cast gray iron alloy or copper-free aluminum with manufacturer’s 

standard finish. 

b. Drilled and tapped openings or tapered threaded hub. 

c. Gasketed cover bolted-down with stainless steel bolts. 

d. External mounting flanges. 

e. Operating handle padlockable in the OFF position. 

5. NEMA 12 rated: 

a. Body and cover:  Sheet steel finished with rust inhibiting primer and 

manufacturer’s standard paint inside and out. 

b. No knockouts, external mounting flanges, hinged and gasketed door. 

E. Overcurrent and short circuit protective devices: 

1. Fuses. 

2. See Section 26 28 00 for overcurrent and short circuit protective device 

requirements. 
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F. Standards:  NEMA KS 1, UL 98. 

PART 3 - EXECUTION. 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit 

breakers for compliance with installation tolerances and other conditions affecting 

performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been 

corrected. 

1. Commencement of work shall indicate Installer's acceptance of the areas and 

conditions as satisfactory. 

3.2 PREPARATION 

A. Interruption of Existing Electric Service: Do not interrupt electric service to 

facilities occupied by Owner or others unless permitted under the following 

conditions and then only after arranging to provide temporary electric service 

according to requirements indicated: 

1. Notify Owner no fewer than 14 days in advance of proposed interruption of 

electric service. 

2. Indicate method of providing temporary electric service. 

3. Do not proceed with interruption of electric service without Owner's written 

permission. 

4. Comply with NFPA 70E. 

3.3 ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS 

A. Enclosed Switches and Circuit Breakers: Provide enclosures at installed 

locations with the following environmental ratings. 

1. Indoor, Dry and Clean Locations: NEMA 250, Type 1. 

2. Outdoor Locations: NEMA 250, Type 4X. 

3. Laboratory Areas: NEMA 250, Type 4X, stainless steel. 

4. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4. 

5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive 

Liquids: NEMA 250, Type 12. 



WHCRWA  

CENTRAL PUMP STATION  SAFETY SWITCHES 

 
 

WHCRWA CENTRAL PUMP STATION 
SAFETY SWITCHES 
26 28 16 - 13 OF 18 

3.4 INSTALLATION 

A. Install as indicated and in accordance with manufacturer's instructions and 

recommendations. 

B. Install switches adjacent to the equipment they are intended to serve. 

C. Provide auxiliary contact kit on local safety switches for motors being controlled 

by a variable frequency drive. 

1. The VFD is to be disabled with the switch is in the open position. 

D. Permitted uses of NEMA 1 enclosure: 

1. Surface or flush mounted in areas designated dry in architecturally finished 

areas. 

E. Permitted uses of NEMA 4X metallic enclosure: 

1. Surface mounted in areas designated as wet and/or corrosive. 

F. Permitted uses of NEMA 4X non-metallic enclosure: 

1. Surface mounted in indoor areas designated as corrosive, when PVC-80 is 

used. 

G. Permitted uses of NEMA 7 enclosure: 

1. Surface mounted in areas designated as Class I hazardous. 

2. Provide PVC coating in corrosive and highly corrosive areas when PVC 

coated conduit is used. 

H. Permitted uses of NEMA 9 enclosure: 

1. Surface mounted in areas designated as Class II hazardous. 

2. Provide PVC coating in corrosive areas when PVC coated conduit is used. 

I. Permitted uses of NEMA 12 enclosure: 

1. Surface mounted in areas designated as dry in non-architecturally finished 

areas. 
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J. For Operations Building 

1. Coordinate layout and installation of switches, circuit breakers, and 

components with equipment served and adjacent surfaces. Maintain required 

workspace clearances and required clearances for equipment access doors 

and panels. 

2. Install individual wall-mounted switches and circuit breakers with tops at 

uniform height unless otherwise indicated. 

3. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, 

and brackets and temporary blocking of moving parts from enclosures and 

components. 

4. Install fuses in fusible devices. 

5. Comply with NFPA 70 and NECA 1. 

3.5 IDENTICATION 

A. Comply with requirements in Section 10 14 00 "Identification Devices." 

1. Identify field-installed conductors, interconnecting wiring, and components; 

provide warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 

 

3.6 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections for Switches: 

1. Visual and Mechanical Inspection: 

a. Inspect physical and mechanical condition. 

b. Inspect anchorage, alignment, grounding, and clearances. 

c. Verify that the unit is clean. 

d. Verify blade alignment, blade penetration, travel stops, and mechanical 

operation. 

e. Verify that fuse sizes and types match the Specifications and Drawings. 

f. Verify that each fuse has adequate mechanical support and contact 

integrity. 
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g. Inspect bolted electrical connections for high resistance using one of the 

two following methods: 

1) Use a low-resistance ohmmeter. 

a) Compare bolted connection resistance values to values of similar 
connections. Investigate values that deviate from those of similar 
bolted connections by more than 50 percent of the lowest value. 

2) Verify tightness of accessible bolted electrical connections by 
calibrated torque-wrench method in accordance with manufacturer's 
published data or NETA ATS Table 100.12. 

a) Bolt-torque levels shall be in accordance with manufacturer's 
published data. In the absence of manufacturer's published data, 
use NETA ATS Table 100.12. 

h. Verify that operation and sequencing of interlocking systems is as 

described in the Specifications and shown on the Drawings. 

i. Verify correct phase barrier installation. 

j. Verify lubrication of moving current-carrying parts and moving and sliding 

surfaces. 

2. Electrical Tests: 

a. Perform resistance measurements through bolted connections with a 

low-resistance ohmmeter. Compare bolted connection resistance values 

to values of similar connections. Investigate values that deviate from 

adjacent poles or similar switches by more than 50 percent of the lowest 

value. 

b. Measure contact resistance across each switchblade fuseholder. Drop 

values shall not exceed the high level of the manufacturer's published 

data. If manufacturer's published data are not available, investigate 

values that deviate from adjacent poles or similar switches by more than 

50 percent of the lowest value. 

c. Perform insulation-resistance tests for one minute on each pole, phase-

to-phase and phase-to-ground with switch closed, and across each open 

pole. Apply voltage in accordance with manufacturer's published data. In 

the absence of manufacturer's published data, use Table 100.1 from the 

NETA ATS. Investigate values of insulation resistance less than those 

published in Table 100.1 or as recommended in manufacturer's 

published data. 

d. Measure fuse resistance. Investigate fuse-resistance values that deviate 

from each other by more than 15 percent. 
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e. Perform ground fault test according to NETA ATS 7.14 "Ground Fault 

Protection Systems, Low-Voltage." 

C. Tests and Inspections for Molded Case Circuit Breakers: 

1. Visual and Mechanical Inspection: 

a. Verify that equipment nameplate data are as described in the 

Specifications and shown on the Drawings. 

b. Inspect physical and mechanical condition. 

c. Inspect anchorage, alignment, grounding, and clearances. 

d. Verify that the unit is clean. 

e. Operate the circuit breaker to ensure smooth operation. 

f. Inspect bolted electrical connections for high resistance using one of the 

two following methods: 

1) Use a low-resistance ohmmeter. 

a) Compare bolted connection resistance values to values of similar 
connections. Investigate values that deviate from those of similar 
bolted connections by more than 50 percent of the lowest value. 

2) Verify tightness of accessible bolted electrical connections by 
calibrated torque-wrench method in accordance with manufacturer's 
published data or NETA ATS Table 100.12. 

a) Bolt-torque levels shall be in accordance with manufacturer's 
published data. In the absence of manufacturer's published data, 
use NETA ATS Table 100.12. 

g. Inspect operating mechanism, contacts, and chutes in unsealed units. 

h. Perform adjustments for final protective device settings in accordance 

with the coordination study. 

2. Electrical Tests: 

a. Perform resistance measurements through bolted connections with a 

low-resistance ohmmeter. Compare bolted connection resistance values 

to values of similar connections. Investigate values that deviate from 

adjacent poles or similar switches by more than 50 percent of the lowest 

value. 

b. Perform insulation-resistance tests for one minute on each pole, phase-

to-phase and phase-to-ground with circuit breaker closed, and across 

each open pole. Apply voltage in accordance with manufacturer's 

published data. In the absence of manufacturer's published data, use 

Table 100.1 from the NETA ATS. Investigate values of insulation 

resistance less than those published in Table 100.1 or as recommended 

in manufacturer's published data. 
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c. Perform a contact/pole resistance test. Drop values shall not exceed the 

high level of the manufacturer's published data. If manufacturer's 

published data are not available, investigate values that deviate from 

adjacent poles or similar switches by more than 50 percent of the lowest 

value. 

d. Perform insulation resistance tests on all control wiring with respect to 

ground. Applied potential shall be 500-V dc for 300-V rated cable and 

1000-V dc for 600-V rated cable. Test duration shall be one minute. For 

units with solid state components, follow manufacturer's 

recommendation. Insulation resistance values shall be no less than two 

megohms. 

e. Determine the following by primary current injection: 

1) Long-time pickup and delay. Pickup values shall be as specified. Trip 
characteristics shall not exceed manufacturer's published time-current 
characteristic tolerance band, including adjustment factors. 

2) Short-time pickup and delay. Short-time pickup values shall be as 
specified. Trip characteristics shall not exceed manufacturer's published 
time-current characteristic tolerance band, including adjustment factors. 

3) Ground-fault pickup and time delay. Ground-fault pickup values shall 
be as specified. Trip characteristics shall not exceed manufacturer's 
published time-current characteristic tolerance band, including 
adjustment factors. 

4) Instantaneous pickup. Instantaneous pickup values shall be as 
specified and within manufacturer's published tolerances. 

f. Test functionality of the trip unit by means of primary current injection. 

Pickup values and trip characteristics shall be as specified and within 

manufacturer's published tolerances. 

g. Perform minimum pickup voltage tests on shunt trip and close coils in 

accordance with manufacturer's published data. Minimum pickup voltage 

of the shunt trip and close coils shall be as indicated by manufacturer. 

h. Verify correct operation of auxiliary features such as trip and pickup 

indicators; zone interlocking; electrical close and trip operation; trip-free, 

anti-pump function; and trip unit battery condition. Reset all trip logs and 

indicators. Investigate units that do not function as designed. 

i. Verify operation of charging mechanism. Investigate units that do not 

function as designed. 

3. Correct malfunctioning units on-site, where possible, and retest to 

demonstrate compliance; otherwise, replace with new units and retest. 

4. Perform the following infrared scan tests and inspections and prepare 

reports: 
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a. Initial Infrared Scanning: After Substantial Completion, but not more than 

60 days after Final Acceptance, perform an infrared scan of each 

enclosed switch and circuit breaker. Remove front panels so joints and 

connections are accessible to portable scanner. 

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared 

scan of each enclosed switch and circuit breaker 11 months after date of 

Substantial Completion. 

c. Instruments and Equipment: Use an infrared scanning device designed 

to measure temperature or to detect significant deviations from normal 

values. Provide calibration record for device. 

5. Test and adjust controls, remote monitoring, and safeties. Replace damaged 

and malfunctioning controls and equipment. 

D. Enclosed switches and circuit breakers will be considered defective if they do not 

pass tests and inspections. 

E. Prepare test and inspection reports. 

1. Test procedures used. 

2. Include identification of each enclosed switch and circuit breaker tested and 

describe test results. 

3. List deficiencies detected, remedial action taken, and observations after 

remedial action. 

3.7 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly and lubricate 

as recommended by manufacturer. 

 

END OF SECTION 
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SECTION 26 28 17 

SEPARATELY MOUNTED CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Separately mounted circuit breakers. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 01 25 13 - Product Substitutions. 

4. Section 01 33 00 - Submittals. 

5. Section 01 78 23 - Operation and Maintenance Data. 

6. Division 26 - Electrical. 

7. Section 26 05 00 - Electrical:  Basic Requirements. 

8. Section 26 28 00 - Overcurrent and Short Circuit Protective Devices. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

2. Underwriters Laboratories, Inc. (UL): 

a. 489, Standard for Safety Molded Case Circuit Breakers, Molded Case 
Switches, and Circuit Breaker Enclosures. 

b. 877, Standard for Safety Circuit Breakers and Circuit Breaker 
Enclosures for Use in Hazardous (Classified) Locations. 

1.4 SUBMITTALS 

A. Shop Drawings: 
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1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data: 

a. Provide submittal data for all products specified in PART 2 of this 
Specification Section. 

b. Provide a table that associates equipment model number with 
equipment tag number. 

c. See Specification Section 26 05 00 for additional requirements. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 and Specification Section 01 78 23 for 
requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Eaton. 

2. Square D Company. 

3. Siemens. 

4. Appleton Electric Company. 

5. Crouse-Hinds. 

6. Killark. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 COMPONENTS 

A. NEMA 1 rated: 

1. Body and cover:  Sheet steel finished with rust inhibiting primer and 
manufacturer’s standard paint inside and out. 

2. With or without knockouts, hinged or unhinged cover. 

3. Breaker is front operable and padlockable in the OFF position. 

4. Suitable for service entrance. 

B. NEMA 4X rated: 

1. Body and cover:  Type 304 stainless steel. 
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2. No knockouts, external mounting flanges, hinged and gasketed door. 

3. Front operating handle padlockable in the OFF position and interlocked to 
prevent door from opening when the breaker is ON. 

4. Suitable for service entrance. 

C. NEMA 7 and 9 rated: 

1. Cast gray iron alloy or copper-free aluminum with manufacturer’s standard 
finish. 

2. Drilled and tapped openings or tapered threaded hub. 

3. Gasketed cover bolted-down with stainless steel bolts. 

4. External mounting flanges. 

5. Front operating handle padlockable in the OFF position. 

6. Suitable for service entrance. 

7. Accessories:  40 mil PVC exterior coating. 

D. NEMA 12 rated: 

1. Body and cover:  Sheet steel finished with rust inhibiting primer and 
manufacturer’s standard paint inside and out. 

2. No knockouts, external mounting flanges, hinged and gasketed door. 

3. Front operating handle padlockable in the OFF position and interlocked to 
prevent door from opening when the breaker is ON. 

4. Suitable for service entrance. 

E. Standards:  UL 489 and UL 877 for hazardous locations. 

F. Overcurrent and short circuit protective devices: 

1. Molded case circuit breaker. 

2. See Specification Section 26 28 00 for overcurrent and short circuit 
protective device requirements. 

3. Factory installed. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install as indicated and in accordance with manufacturer's recommendations 
and instructions. 

B. Permitted uses of NEMA 1 enclosure: 

1. Surface or flush mounted in areas designated dry in architecturally finished 
areas. 

C. Permitted uses of NEMA 4X enclosure: 
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1. Surface mounted in areas designated as wet and/or corrosive. 

D. Permitted uses of NEMA 7 enclosure: 

1. Surface mounted in areas designated as Class I hazardous. 

a. Provide PVC coating in corrosive areas when PVC coated conduit is 
used. 

E. Permitted uses of NEMA 9 enclosure: 

1. Surface mounted in areas designated as Class II hazardous. 

a. Provide PVC coating in corrosive areas when PVC coated conduit is 
used. 

F. Permitted uses of NEMA 12 enclosure: 

1. Surface mounted in areas designated as dry in non-architecturally finished 
areas. 

END OF SECTION 
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SECTION 26 29 13.03

MANUAL AND MAGNETIC MOTOR CONTROLLERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

B. Related Specification Sections include but are not necessarily limited to:

1. Section 10 14 00 - Identification Devices

2. Section 26 05 74 - Overcurrent Protective Device Arc-Flash Study

3. Section 26 05 29 - Hangers and Supports

4. Section 03 31 30 - Concrete, Materials and Proportioning

1.2 SUMMARY

A. Section Includes

1. Manual motor controllers

2. Enclosed full-voltage magnetic motor controllers

3. Combination full-voltage magnetic motor controllers

4. Enclosed reduced-voltage magnetic motor controllers

5. Combination reduced-voltage magnetic motor controllers

6. Multispeed magnetic motor controllers

7. Combination multispeed magnetic motor controllers

8. Enclosures

9. Accessories

10. Identification

1.3 DEFINITIONS

A. Abbreviations

1. CPT: Control power transformer

2. MCCB: Molded-case circuit breaker

3. MCP: Motor circuit protector

4. NC: Normally closed
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5. OCPD: Overcurrent protective device

6. SCCR: Short-circuit current rating

7. SCPD: Short-circuit protective device

1.4 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include rated capacities, operating characteristics, electrical characteristics,

and furnished specialties and accessories.

B. Shop Drawings: For each type of magnetic controller.

1. Include plans, elevations, sections, and mounting details.

2. Indicate dimensions, weights, required clearances, and location and size of

each field connection.

3. Wire Termination Diagrams and Schedules: Include diagrams for signal,

and control wiring. Identify terminals and wiring designations and color-

codes to facilitate installation, operation, and maintenance. Indicate

recommended types, wire sizes, and circuiting arrangements for field-

installed wiring, and show circuit protection features. Differentiate between

manufacturer-installed and field-installed wiring.

4. Include features, characteristics, ratings, and factory settings of individual

overcurrent protective devices and auxiliary components.

C. Product Schedule: List the following for each enclosed controller:

1. Each installed magnetic controller type.

2. NRTL listing.

3. Factory-installed accessories.

4. Nameplate legends.

5. SCCR of integrated unit.

6. For each combination magnetic controller include features, characteristics,

ratings, and factory setting of the SCPD and OCPD.

a. Listing document proving Type 2 coordination.

7. For each series-rated combination state the listed integrated short-circuit

current (withstand) rating of SCPD and OCPDs by an NRTL acceptable to

authorities having jurisdiction.
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1.5 INFORMATIONAL SUBMITTALS (NOT USED)

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For magnetic controllers to include in operation

and maintenance manuals.

1. In addition to items specified in Section 01 78 23 "Operation and

Maintenance Data," include the following:

a. Routine maintenance requirements for magnetic controllers and

installed components.

b. Manufacturer's written instructions for testing and adjusting circuit

breaker and MCP trip settings.

c. Manufacturer's written instructions for setting field-adjustable overload

relays.

d. Load-Current and Overload-Relay Heater List: Compile after motors

have been installed and arrange to demonstrate that selection of

heaters suits actual motor nameplate full-load currents.

e. Load-Current and List of Settings of Adjustable Overload Relays:

Compile after motors have been installed and arrange to demonstrate

that switch settings for motor-running overload protection suit actual

motors to be protected.

1.7 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged with

protective covering for storage and identified with labels describing contents.

1. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each

size and type, but no fewer than three of each size and type.

2. Control Power Fuses: Equal to 10 percent of quantity installed for each size

and type, but no fewer than two of each size and type.

3. Indicating Lights: Two of each type and color installed.

4. Auxiliary Contacts: Furnish one spare(s) for each size and type of magnetic

controller installed.

5. Power Contacts: Furnish three spares for each size and type of magnetic

contactor installed.
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1.8 QUALITY ASSURANCE

A. Testing Agency Qualifications: Accredited by NETA.

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site

testing.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Store controllers indoors in clean, dry space with uniform temperature to prevent

condensation. Protect controllers from exposure to dirt, fumes, water, corrosive

substances, and physical damage.

1.10 FIELD CONDITIONS

A. Ambient Environment Ratings: Rate equipment for continuous operation under

the following conditions unless otherwise indicated:

1. Ambient Temperature: Not less than23 deg F (minus 5 deg C) and not

exceeding 104 deg F (40 deg C).

2. Altitude: Not exceeding 6600 feet (2010 m) for electromagnetic and manual

devices.

3. The effect of solar radiation is not significant.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined

in NFPA 70, by a qualified testing agency, and marked for intended location and

use.

B. UL Compliance: Fabricate and label magnetic motor controllers to comply with

UL 508 and UL 60947-4-1.

C. NEMA Compliance: Fabricate motor controllers to comply with ICS 2.
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2.2 MANUAL MOTOR CONTROLLERS

A. Motor-Starting Switches (MSS): "Quick-make, quick-break" toggle or push-button

action; marked to show whether unit is off or on.

1. Manufacturers:

a. Eaton

b. ABB

c. Rockwell Automation Inc.

d. Siemens Industry Inc.

e. Square D; by Schneider Electric

2. Standard: Comply with NEMA ICS 2, general purpose, Class A.

3. Configuration: Nonreversing.

4. Surface mounting.

5. Red pilot light.

6. Additional Nameplates: FORWARD and REVERSE for reversing switches.

B. Fractional Horsepower Manual Controllers (FHPMC): "Quick-make, quick-break"

toggle or push-button action; marked to show whether unit is off, on, or tripped.

1. Manufacturers:

a. Eaton

b. ABB

c. Rockwell Automation Inc.

d. Siemens Industry, Inc.

e. Square D, by Schneider Electric

2. Configuration: Nonreversing.

3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2,

Class 10 tripping characteristics; heaters matched to nameplate full-load

current of actual protected motor; external reset push button; bimetallic

type.

4. Overload Relays: NEMA ICS 2, bimetallic class as schedule on Drawings.

5. Pilot Light: Red.

C. Integral Horsepower Manual Controllers (IHPMC): "Quick-make, quick-break"

toggle or push-button action; marked to show whether unit is off, on, or tripped.

1. Manufacturers:

a. Eaton

b. ABB

c. Rockwell Automation, Inc.
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d. Siemens Industry, Inc.

e. Square D, by Schneider Electric

2. Configuration: Nonreversing.

3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2,

Class 10 tripping characteristics; heaters matched to nameplate full-load

current of actual protected motor; external reset push button; bimetallic

type.

4. Overload Relays: NEMA ICS 2, bimetallic class as scheduled on Drawings.

2.3 ENCLOSED FULL-VOLTAGE MAGNETIC MOTOR CONTROLLERS

A. Description: Across-the-line start, electrically held, for nominal system voltage of

600-V ac and less.

B. Manufacturers:

1. Eaton

2. ABB

3. Rockwell Automation, Inc.

4. Siemens Industry, Inc.

5. Square D; by Schneider Electric

C. Standard: Comply with NEMA ICS 2, general purpose, Class A.

D. Configuration: Nonreversing.

E. Contactor Coils: Pressure-encapsulated type with coil transient suppressors

when indicated.

1. Operating Voltage: Manufacturer's standard, unless indicated.

F. Control Power:

1. For on-board control power, obtain from line circuit or from integral CPT.

The CPT shall have capacity to operate integral devices and remotely

located pilot, indicating, and control devices.

a. Spare CPT Capacity as Indicated on Drawings: 200 VA.

G. Overload Relays:

1. Thermal Overload Relays:

a. Inverse-time-current characteristic.

b. Class 10 tripping characteristic.



WHCRWA MANUAL AND MAGNETIC

CENTRAL PUMP STATION MOTOR CONTROLLERS

WHCRWA CENTRAL PUMP STATION
MANUAL AND MAGNETIC MOTOR CONTROLLERS

26 29 13.03 - 7 OF 22

c. Heaters in each phase shall be matched to nameplate full-load current

of actual protected motor and with appropriate adjustment for duty

cycle.

d. Ambient compensated.

e. Automatic resetting.

2. Solid-State Overload Relay:

a. Switch or dial selectable for motor-running overload protection.

b. Sensors in each phase.

c. Class 10/20 selectable tripping characteristic selected to protect motor

against voltage and current unbalance and single phasing.

d. Class II ground-fault protection shall comply with UL 1053 to interrupt

low-level ground faults. The ground-fault detection system shall

include circuitry that will prevent the motor controller from tripping

when the fault current exceeds the interrupting capacity of the

controller. Equip with start and run delays to prevent nuisance trip on

starting, and a trip indicator.

H. Digital communication module, using RS-485 Modbus, RTU protocol, 4-wire

connection to host devices with a compatible port to transmit the following to the

LAN:

1. Instantaneous rms current each phase, and 3-phase average.

2. Voltage: L-L for each phase, L-L 3-phase average, L-N each phase and L-

N 3-phase average - rms.

3. Active Energy (kWh): 3-phase total.

4. Power Factor: Each phase and 3-phase total.

2.4 COMBINATION FULL-VOLTAGE MAGNETIC MOTOR CONTROLLER

A. Description: Factory-assembled, combination full-voltage magnetic motor

controller consisting of the controller described in this article, indicated

disconnecting means, SCPD and OCPD, in a single enclosure.

B. Manufacturers:

1. Eaton

2. ABB

3. Rockwell Automation

4. Siemens Inc.

5. Square D, by Schneider Electric
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C. Standard: Comply with NEMA ICS 2, general purpose, Class A.

D. Configuration: Nonreversing.

E. Contactor Coils: Pressure-encapsulated type with coil transient suppressors

when indicated.

1. Operating Voltage: Manufacturer's standard, unless indicated.

F. Control Power:

1. For on-board control power, obtain from line circuit or from integral CPT.

The CPT shall have capacity to operate integral devices and remotely

located pilot, indicating, and control devices.

a. Spare CPT Capacity as Indicated on Drawings: 200 VA.

G. Overload Relays:

1. Thermal Overload Relays:

a. Inverse-time-current characteristic.

b. Class 20 tripping characteristic.

c. Heaters in each phase shall be matched to nameplate full-load current

of actual protected motor and with appropriate adjustment for duty

cycle.

d. Ambient compensated.

e. Automatic resetting.

2. Solid-State Overload Relay:

a. Switch or dial selectable for motor-running overload protection.

b. Sensors in each phase.

c. Class 10/20 selectable tripping characteristic selected to protect motor

against voltage and current unbalance and single phasing.

H. Class II ground-fault protection shall comply with UL 1053 to interrupt low-level

ground faults. The ground-fault detection system shall include circuitry that will

prevent the motor controller from tripping when the fault current exceeds the

interrupting capacity of the controller. Equip with start and run delays to prevent

nuisance trip on starting, and a trip indicator.
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I. Digital communication module, using RS-485 Modbus, RTU protocol, 4-wire

connection to host devices with a compatible port to transmit the following to the

LAN:

1. Instantaneous rms current each phase, and 3-phase average.

2. Voltage: L-L for each phase, L-L 3-phase average, L-N each phase and L-

N 3-phase average - rms.

3. Active Energy (kWh): 3-phase total.

4. Power Factor: Each phase and 3-phase total.

J. Fusible Disconnecting Means:

1. NEMA KS 1, heavy-duty, horsepower-rated, fusible switch with clips or bolt

pads to accommodate indicated fuses.

2. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.

K. Nonfusible Disconnecting Means:

1. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch.

2. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.

L. MCP Disconnecting Means:

1. UL 489 and NEMA AB 3, with interrupting capacity to comply with available

fault currents, instantaneous-only circuit breaker with front-mounted,

field-adjustable, short-circuit trip coordinated with motor locked-rotor

amperes.

2. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.

M. MCCB Disconnecting Means:

1. UL 489 and NEMA AB 3, with interrupting capacity to comply with available

fault currents; thermal-magnetic MCCB, with inverse-time-current element

for low-level overloads and instantaneous magnetic trip element for short

circuits.

2. Front-mounted, adjustable magnetic trip setting for circuit-breaker frame

sizes 250 A and larger.

3. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.
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2.5 COMBINATION REDUCED-VOLTAGE MOTOR CONTROLLERS

A. Description: Factory-assembled, combination reduced-voltage magnetic motor

controller consisting of the controller described in this article, indicated

disconnecting means, and SCPD and OCPD, in a single enclosure.

B. Manufacturers:

1. ABB

2. Eaton

3. Rockwell Automation

4. Siemens Inc.

5. Square D, by Schneider Electric

C. Configuration:

1. Wye-Delta Controller: Four contactors, with a three-phase starting

resistor/reactor bank.

2. Part-Winding Controller: Separate START and RUN contactors,

field-selectable for 1/2- or 2/3-winding start mode, with either six- or nine-

lead motors; with separate overload relays for starting and running

sequences.

3. Autotransformer Reduced-Voltage Controller: Medium-duty service, with

integral overtemperature protection; taps for starting at 50, 65, and 80

percent of line voltage; two START and one RUN contactors.

D. Contactor Coils: Pressure-encapsulated type with coil transient suppressors

when indicated.

1. Operating Voltage: Manufacturer's standard, unless indicated.

E. Control Power: 120-V ac; obtained from integral CPT, with primary and

secondary fuses, with CPT of sufficient capacity to operate integral devices and

remotely located pilot, indicating, and control devices.

1. Spare CPT Capacity: 200 VA.

F. Overload Relays:

1. Thermal Overload Relays: Bimetallic type.

a. Inverse-time-current characteristic.

b. Class 20 tripping characteristic.

c. Heaters in each phase matched to nameplate full-load current of

actual protected motor and with appropriate adjustment for duty cycle.
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d. Ambient compensated.

e. Automatic resetting.

2. Solid-State Overload Relay:

a. Switch or dial selectable for motor-running overload protection.

b. Sensors in each phase.

c. Class 10/20 selectable tripping characteristic selected to protect motor

against voltage and current unbalance and single phasing.

G. Class II Ground-Fault Protection: Comply with UL 1053 to interrupt low-level

ground faults. The ground-fault detection system shall include circuitry that will

prevent the motor controller from tripping when the fault current exceeds the

interrupting capacity of the controller. Equip with start and run delays to prevent

nuisance trip on starting, and a trip indicator.

H. Digital Communication Module: RS-485 Modbus, RTU protocol, 4-wire

connection to host devices with a compatible port to transmit the following to the

LAN:

1. Instantaneous rms current each phase, and 3-phase average.

2. Voltage: L-L for each phase, L-L 3-phase average, L-N each phase and L-

N 3-phase average - rms.

3. Active Energy (kWh): 3-phase total.

4. Power Factor: Each phase and 3-phase total.

I. Fusible Disconnecting Means:

1. NEMA KS 1, heavy-duty, horsepower-rated, fusible switch with clips or bolt

pads to accommodate indicated fuses.

2. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.

J. Nonfusible Disconnecting Means:

1. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch.

2. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.
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K. MCP Disconnecting Means:

1. UL 489 and NEMA AB 3, with interrupting capacity to comply with available

fault currents, instantaneous-only circuit breaker with front-mounted,

field-adjustable, short-circuit trip coordinated with motor locked-rotor

amperes.

2. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.

L. MCCB Disconnecting Means:

1. UL 489 and NEMA AB 3, with interrupting capacity to comply with available

fault currents; thermal-magnetic MCCB, with inverse-time-current element

for low-level overloads and instantaneous magnetic trip element for short

circuits.

2. Front-mounted, adjustable magnetic trip setting for circuit-breaker frame

sizes 250 A and larger.

3. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.

2.6 MULTISPEED MAGNETIC CONTROLLERS

A. Description: Two speed, full voltage, across the line, electrically held.

B. Manufacturers:

1. ABB

2. Eaton

3. Siemens Inc.

4. Square D, by Schneider Electric

C. Standard: Comply with NEMA ICS 2, general purpose, Class A.

1. Configuration: Nonreversing, multispeed.

2. Contactor Coils: Pressure-encapsulated type with coil transient

suppressors.

a. Operating Voltage: Manufacturer's standard, unless indicated.

3. Power Contacts: Totally enclosed, double break, silver-cadmium oxide;

assembled to allow inspection and replacement without disturbing line or

load wiring.
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4. Control Power: 120-V ac; obtained from integral CPT, with primary and

secondary fuses, with CPT of sufficient capacity to operate integral devices

and remotely located pilot, indicating, and control devices.

a. Spare CPT Capacity: 200 VA.

5. Compelling relays shall ensure that motor will start only at low speed.

6. Accelerating timer relays shall ensure properly timed acceleration through

speeds lower than that selected.

7. Decelerating timer relays shall ensure automatically timed deceleration

through each speed.

8. Antiplugging timer relays shall ensure a time delay when transferring from

FORWARD to REVERSE and back.

D. Overload Relays:

1. Thermal Overload Relays: Bimetallic type.

a. Inverse-time-current characteristic.

b. Class 20 tripping characteristic.

c. Heaters in each phase matched to nameplate full-load current of

actual protected motor and with appropriate adjustment for duty cycle.

d. Ambient compensated.

e. Automatic resetting.

2. Solid-State Overload Relay:

a. Switch or dial selectable for motor-running overload protection.

b. Sensors in each phase.

c. Class 10/20 selectable tripping characteristic selected to protect motor

against voltage and current unbalance and single phasing.

E. Class II ground-fault protection shall comply with UL 1053 to interrupt low-level

ground faults. The ground-fault detection system shall include circuitry that will

prevent the motor controller from tripping when the fault current exceeds the

interrupting capacity of the controller. Equip with start and run delays to prevent

nuisance trip on starting, and a trip indicator.

F. Digital communication module, using RS-485 Modbus, RTU protocol, 4-wire

connection to host devices with a compatible port to transmit the following to the

LAN:

1. Instantaneous rms current each phase, and 3-phase average.

2. Voltage: L-L for each phase, L-L 3-phase average, L-N each phase and L-

N 3-phase average - rms.
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3. Active Energy (kWh): 3-phase total.

4. Power Factor: Each phase and 3-phase total.

2.7 Combination Multispeed Magnetic Motor Controller

A. Description: Factory-assembled, combination of multispeed magnetic motor

controller, consisting of the controller, indicated disconnecting means, and SCPD

and OCPD, in a single enclosure.

B. Manufacturers:

1. ABB

2. Eaton

3. Rockwell Automation

4. Siemens Inc.

5. Square D, by Schneider Electric

C. Standard: Comply with NEMA ICS 2, general purpose, Class A.

1. Configuration: Nonreversing.

2. Contactor Coils: Pressure-encapsulated type with coil transient

suppressors.

a. Operating Voltage: Manufacturer's standard, unless indicated.

3. Power Contacts: Totally enclosed, double break, silver-cadmium oxide;

assembled to allow inspection and replacement without disturbing line or

load wiring.

4. Control Power: 120-V ac; obtained from integral CPT, with primary and

secondary fuses, with CPT of sufficient capacity to operate integral devices

and remotely located pilot, indicating, and control devices.

a. Spare CPT Capacity: 200 VA.

5. Compelling relays shall ensure that motor will start only at low speed.

6. Accelerating timer relays shall ensure properly timed acceleration through

speeds lower than that selected.

7. Decelerating timer relays shall ensure automatically timed deceleration

through each speed.

8. Antiplugging timer relays shall ensure a time delay when transferring from

FORWARD to REVERSE and back.
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D. Overload Relays:

1. Thermal Overload Relays: Bimetallic type.

a. Inverse-time-current characteristic.

b. Class 20 tripping characteristic.

c. Heaters in each phase matched to nameplate full-load current of

actual protected motor and with appropriate adjustment for duty cycle.

d. Ambient compensated.

e. Automatic resetting.

2. Solid-State Overload Relay:

a. Switch or dial selectable for motor-running overload protection.

b. Sensors in each phase.

c. Class 10/20 selectable tripping characteristic selected to protect motor

against voltage and current unbalance and single phasing.

E. Class II ground-fault protection shall comply with UL 1053 to interrupt low-level

ground faults. The ground-fault detection system shall include circuitry that will

prevent the motor controller from tripping when the fault current exceeds the

interrupting capacity of the controller. Equip with start and run delays to prevent

nuisance trip on starting, and a trip indicator.

F. Digital communication module, using RS-485 Modbus, RTU protocol, 4-wire

connection to host devices with a compatible port to transmit the following to the

LAN:

1. Instantaneous rms current each phase, and 3-phase average.

2. Voltage: L-L for each phase, L-L 3-phase average, L-N each phase and L-

N 3-phase average - rms.

3. Active Energy (kWh): 3-phase total.

4. Power Factor: Each phase and 3-phase total.

G. Fusible Disconnecting Means:

1. NEMA KS 1, heavy-duty, horsepower-rated, fusible switch with clips or bolt

pads to accommodate indicated fuses.

2. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.

3. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch.

4. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.
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H. MCP Disconnecting Means:

1. UL 489 and NEMA AB 3, with interrupting capacity to comply with available

fault currents, instantaneous-only circuit breaker with front-mounted,

field-adjustable, short-circuit trip coordinated with motor locked-rotor

amperes.

2. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.

I. MCCB Disconnecting Means:

1. UL 489 and NEMA AB 3, with interrupting capacity to comply with available

fault currents; thermal-magnetic MCCB, with inverse-time-current element

for low-level overloads and instantaneous magnetic trip element for short

circuits.

2. Front-mounted, adjustable magnetic trip setting for circuit-breaker frame

sizes 250 A and larger.

3. Lockable Handle: Accepts three padlocks and interlocks with cover in

closed position.

2.8 ENCLOSURES

A. Comply with NEMA 250, type designations as indicated on Drawings, complying

with environmental conditions at installed location.

B. The construction of the enclosures shall comply with NEMA ICS 6.

C. Controllers in hazardous (classified) locations shall comply with UL 1203.

2.9 ACCESSORIES

A. General Requirements for Control Circuit and Pilot Devices: NEMA ICS 5; factory

installed in controller enclosure cover unless otherwise indicated.

1. Push Buttons, Pilot Lights, and Selector Switches: Standard-duty, except

as needed to match enclosure type. Heavy-duty or oil-tight where indicated

in the controller schedule.

a. Push Buttons: As indicated in the controller schedule.

b. Pilot Lights: As indicated in the controller schedule.

2. Elapsed Time Meters: Heavy duty with digital readout in hours; resettable.
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3. Meters: Panel type, 2-1/2-inch (64-mm) minimum size with 90- or 120-

degree scale and plus or minus two percent accuracy. Where indicated,

provide selector switches with an off position.

B. Motor protection relays shall be with solid-state sensing circuit and isolated output

contacts for hardwired connections.

1. Phase-failure.

2. Phase-reversal with bicolor LED to indicate normal and fault conditions.

Automatic reset when phase reversal is corrected.

3. Under/overvoltage operate when the circuit voltage reaches a preset value

and drop out when the operating voltage drops to a level below the preset

value. Include adjustable time-delay setting.

C. Breather assemblies, to maintain interior pressure and release condensation in

Type 4X enclosures installed outdoors or in unconditioned interior spaces subject

to humidity and temperature swings.

D. Space heaters, with NC auxiliary contacts, to mitigate condensation in Type 4X

enclosures installed outdoors or in unconditioned interior spaces subject to

humidity and temperature swings.

E. Sun shields installed on fronts, sides, and tops of enclosures installed outdoors

and subject to direct and extended sun exposure.

2.10 IDENTIFICATION

A. Controller Nameplates: Metal backed butyrate signs, as described in

Section 10 14 00 "Identification Devices”, for each compartment, mounted with

corrosion-resistant screws.

B. Arc-Flash Warning Labels:

1. Comply with requirements in Section 26 05 74 “Overcurrent Protective

Device Arc-Flash Study”. Produce a 3.5-by-5-inch (89-by-127-mm) self-

adhesive equipment label for each work location included in the analysis.
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2. Comply with requirements in Section 10 14 00 "Identification Devices”.

Produce a 3.5-by-5-inch (89-by-127-mm) self-adhesive equipment label for

each work location included in the analysis. Labels shall be machine

printed, with no field-applied markings.

a. The label shall have an orange header with the wording, "WARNING,

ARC-FLASH HAZARD," and shall include the following information

taken directly from the arc-flash hazard analysis:

1) Location designation.

2) Nominal voltage.

3) Flash protection boundary.

4) Hazard risk category.

5) Incident energy.

6) Working distance.

7) Engineering report number, revision number, and issue date.

b. Labels shall be machine printed, with no field-applied markings.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and space conditions for compliance with requirements for motor

controllers, their relationship with the motors, and other conditions affecting

performance of the Work.

3.2 INSTALLATION

A. Comply with NECA 1.

B. Wall-Mounted Controllers: Install magnetic controllers on walls with tops at

uniform height indicated, and by bolting units to wall or mounting on lightweight

structural-steel channels bolted to wall. For controllers not at walls, provide

freestanding racks complying with Section 26 05 29 "Hangers and Supports"

unless otherwise indicated.

C. Floor-Mounted Controllers: Install controllers on cast-in-place concrete

equipment base(s). Comply with requirements for equipment bases and

foundations specified in Section 03 31 30 “Concrete, Materials and

Proportioning”.
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D. Maintain minimum clearances and workspace at equipment according to

manufacturer's written instructions and NFPA 70.

E. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points

with no excess and without exceeding manufacturer's limitations on bending radii.

Install lacing bars and distribution spools.

F. Setting of Overload Relays: Select and set overloads on the basis of full-load

current rating as shown on motor nameplate. Adjust setting value for special

motors as required by NFPA 70 for motors that are high-torque, high-efficiency,

and so on.

3.3 IDENTIFICATION

A. Identify system components, wiring, cabling, and terminals. Comply with

requirements for identification specified in Section 10 14 00 "Identification

Devices”.

3.4 FIELD QUALITY CONTROL

A. Testing Agency: Engage a qualified testing agency to perform tests and

inspections.

B. Tests and Inspections:

1. Comply with the provisions of NFPA 70B, "Testing and Test Methods"

Chapter.

2. Visual and Mechanical Inspection:

a. Compare equipment nameplate data with drawings and specifications.

b. Inspect physical and mechanical condition.

c. Inspect anchorage, alignment, and grounding.

d. Verify the unit is clean.

e. Inspect contactors:

1) Verify mechanical operation.

2) Verify contact gap, wipe, alignment, and pressure are according

to manufacturer's published data.

f. Motor-Running Protection:

1) Verify overload element rating is correct for its application.

2) If motor-running protection is provided by fuses, verify correct

fuse rating.
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g. Inspect bolted electrical connections for high resistance using one of

the two following methods:

1) Use a low-resistance ohmmeter. Compare bolted connection

resistance values with values of similar connections. Investigate

values that deviate from those of similar bolted connections by

more than 50 percent of the lowest value.

2) Verify tightness of accessible bolted electrical connections by

calibrated torque-wrench method according to manufacturer's

published data or NETA ATS Table 100.12. Bolt-torque levels

shall be according to manufacturer's published data. In the

absence of manufacturer's published data, use NETA ATS

Table 100.12.

h. Verify appropriate lubrication on moving current-carrying parts and on

moving and sliding surfaces.

3. Electrical Tests:

a. For the contactor and circuit breaker, perform insulation-resistance

tests for one minute on each pole, phase-to-phase and phase-to-

ground with switch closed, and across each open pole. Insulation-

resistance values shall be according to manufacturer's published data

or NETA ATS Table 100.1. In the absence of manufacturer's

published data, use Table 100.5. Values of insulation resistance less

than those of this table or manufacturer's recommendations shall be

investigated and corrected.

b. Measure fuse resistance. Investigate fuse-resistance values that

deviate from each other by more than 15 percent.

c. Test motor protection devices according to manufacturer's published

data.

d. Test circuit breakers as follows:

1) Operate the circuit breaker to ensure smooth operation.

2) For adjustable circuit breakers, adjust protective device settings

according to the coordination study. Comply with coordination

study recommendations.

e. Perform operational tests by initiating control devices.

4. Infrared Inspection: Perform the survey during periods of maximum possible

loading. Remove all necessary covers prior to the inspection.

a. Comply with the recommendations of NFPA 70B, "Testing and Test

Methods" Chapter, "Infrared Inspection" Article.
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b. After Substantial Completion, but not more than 60 days after Final

Acceptance, perform infrared inspection of the electrical power

connections of each motor controller.

c. Follow-up Infrared Scanning: Perform an additional follow-up infrared

scan of each motor controller 11 months after date of Substantial

Completion.

d. Report of Infrared Inspection: Prepare a certified report that identifies

the testing technician and equipment used, and lists the following

results:

1) Description of equipment to be tested.

2) Discrepancies.

3) Temperature difference between the area of concern and the

reference area.

4) Probable cause of temperature difference.

5) Areas inspected. Identify inaccessible and unobservable areas

and equipment.

6) Load conditions at time of inspection.

7) Photographs and thermograms of the deficient area.

8) Recommended action.

e. Equipment: Inspect distribution systems with imaging equipment

capable of detecting a minimum temperature difference of 1 deg C at

30 deg C. The equipment shall detect emitted radiation and convert

detected radiation to a visual signal.

f. Act on inspection results and recommended action, and considering

the recommendations of NETA ATS, Table 100.18. Correct possible

and probable deficiencies as soon as Owner's operations permit.

Retest until deficiencies are corrected.

C. Motor controller will be considered defective if it does not pass tests and

inspections.

D. Prepare test and inspection reports.

3.5 SYSTEM FUNCTION TESTS

A. System function tests shall prove the correct interaction of sensing, processing,

and action devices. Perform system function tests after field quality control tests

have been completed and all components have passed specified tests.
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1. Develop test parameters and perform tests for the purpose of evaluating

performance of integral components and their functioning as a complete

unit within design requirements and manufacturer's published data.

2. Verify the correct operation of interlock safety devices for fail-safe functions

in addition to design function.

3. Verify the correct operation of sensing devices, alarms, and indicating

devices.

B. Motor controller will be considered defective if it does not pass the system

function tests and inspections.

C. Prepare test and inspection reports.

3.6 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain

switchgear.

END OF SECTION
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SECTION 26 33 53

STATIC UNINTERRUPTIBLE POWER SUPPLY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Specification Sections, apply to this

Section.

1.2 SUMMARY

A. This Section specifies Uninterruptible Power Supply (UPS) systems and

associated accessories.

B. Provide UPS units and accessories as specified and indicated.

1.3 REFERENCE STANDARDS

A. Publication Dates:  Comply with standards in effect as of date of the Contract

Documents unless otherwise indicated.

B. The seller shall furnish Equipment which conforms in all respects to applicable

industry standards and sound engineering practice.

C. Design, fabricate, assemble, install and test Equipment to conform to the

applicable standards specified herein.

D. National Fire Protection Association (NFPA):

1. NFPA 70 – National Electrical Code.

E. Institute of Electrical and Electronics Engineers (IEEE):

1. IEEE C62.41 – Surge Voltages in Low-Voltage AC Power Circuits.

2. IEEE C62.41.1 – Surge Environment in Low-Voltage (1000 Volts and less)

AC Power Circuits.

3. IEEE C62.41.2 – Characterization of Surges in Low-Voltage (1000 Volts

and less) AC Power Circuits.

4. IEEE 519 – Harmonic Control in Electric Power Systems.
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5. IEEE 944 – Recommended Practice for the Application and Testing of Un-

interruptible Power Supplies for Power Generating Stations.

F. Code of Federal Regulations (CFR), Federal Communications Commission

(FCC):

1. 47 CFR - FCC Part 15, Subpart J, Class A.

G. Underwriters Laboratories (UL).

1. UL 1449 – Surge Protective Devices.

2. UL 1778 – Uninterruptible Power Supply Equipment.

1.4 SUBMITTALS

A. Submit as specified in Division 01.

B. Product Data:  Submit for each type of product specified and include the

following as minimum:

1. Device list and bills of material.

2. Data sheets for all hardware and software.

C. Shop Drawings:  Provide the following as minimum:

1. Wiring Diagrams.

2. Battery runtime calculations.

D. Closeout Submittals:  Final documentation shall include the following as

minimum:

1. Information listed above.

2. Commissioning test reports.

3. Operation and maintenance manuals.

E. Maintenance Material Submittals:

1. Software:

a. Original CD/DVD-ROM disks and/or flash drives containing all software

provided with supplied equipment.  Associated licenses and license

documentation shall be included.

b. Organize and submit in a 3-ring binder.
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1.5 QUALITY ASSURANCE

A. All Equipment and Material furnished shall have an acceptable history of

satisfactory reliable service in similar use for a period of at least two years.

B. Equivalent newly developed Equipment with less than two years actual service

will be considered from established manufacturers if it has been adequately

tested, meets the requirements of this Contract, and is approved by Engineer.

Such Equipment shall be noted in the proposal for review.

C. Factory Tests:

1. Perform factory tests on complete system to verify proper operation before

delivery to jobsite.

1.6 DELIVERY, STORAGE, AND HANDLING

A. UPS equipment and accessories shall be packaged and shipped to the project

site to avoid damage.

B. All equipment shall be stored according to the manufacturer’s instructions and in

a conditioned space to avoid condensation, dust, and other environmental

contaminants.

1.7 PROJECT SITE CONDITIONS

A. Do not store or install UPS equipment specified herein until designated

installation spaces are enclosed, weather tight, and free of contaminants.

B. Final or temporary HVAC systems shall be in place and operational to maintain

the ambient temperatures and humidity conditions at occupancy levels prior to

installation and shall be maintained for the remainder of the construction period.

1.8 WARRANTY

A. UPS units shall be provided with a minimum 2-year manufacturer’s warranty.

B. All other peripherals shall be provided with a minimum one-year warranty period.
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PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Uninterruptible Power System (UPS):

1. American Power Conversion (APC), Schneider Electric.

2.2 ON-LINE UPS

A. Network grade, on-line, uninterruptible power system completely self-contained

module with an inverter, batteries and control system.

B. Shall be provided for IT Cage and for station PLC cabinet.

C. Electrical Capacity:  As indicated.

D. The unit shall utilize double conversion technology with a regulator connected to

the input and inverter connected to the output at all times, providing continuous

voltage regulation and protection against swells, sags, and brownouts.

E. When input voltage drops below the UPS tolerances for automatic voltage

regulation or fails the batteries and inverter shall maintain continuity of power to

the load and disconnect from the utility supply.

F. The output waveform shall be a sine wave.  A stepped sine wave output shall

not be allowed.

G. Input Voltage:  120Vac ±10%, 60 hertz, single phase.

H. The unit shall automatically switch to battery inverter backup upon loss of power

and retransfer on return of normal power.  These transfers shall have no effect

on the output waveform and shall be transparent to the connected load.

I. UPS Output Voltage:

1. The output voltage in line mode shall be 120Vac nominal regulated to

±2%.

2. The output voltage in battery mode shall be 120Vac ±2% and the fre-

quency shall be 60 hertz ±5%.

J. Minimum of six (6) output receptacles.

K. Surge withstand shall exceed C62.41.1 and C62.41.2.
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L. Provide continuous EMI/RFI filtering.

M. Shall provide continuous surge protection against voltage spikes on the

incoming power in accordance with UL 1449.

N. The batteries shall be valve regulated or sealed maintenance-free type.  Capable

of changing batteries without powering down (hot swap).

O. The battery charger shall be fully automatic capable of recharging the batteries

within 6 hours.

P. The unit shall automatically disconnect from the batteries and shutdown,

preventing damage to the batteries due to a deep discharge.

Q. The battery capacity shall be capable of sustaining a power outage of 8 minutes

at 100% rated wattage output, and to maintain 50% of rated wattage output for

a period of 20 minutes.

R. Ambient Environment:  0°C to 40°C at 95% relative humidity.

S. Unit shall periodically test the battery system to verify proper operation.  Unit

shall alarm if battery degradation is detected.

T. Status indicators shall indicate normal, transfer to inverter, battery charging and

overload, or failure alarm.  An audible alarm shall be available.

U. Provide with UPS management card supporting Ethernet network interface to

allow communication with the plant control system via SNMP (simple network

management protocol).  The network interface card shall also provide a web

interface for monitoring and management of the UPS utilizing standard web

browser software.

V. AC Input Connection:  1500VA units and below shall include a 6-foot line cord

with a NEMA 5-15P connection.  2000-2200VA units shall include a 6-foot line

cord with a NEMA 5-20P connection. 3000VA units shall include a 6-foot line

cord with a NEMA L5-30P connection.

W. Shall be designed for floor or rack mounting as indicated.  Provide all required

mounting hardware.

1. UPS for networking and security shall be rack mount.

2. UPS for PLC cabinet shall be panel mount.
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X. Provide American Power Conversion (APC) Smart-UPS RT 1500VA Model:

SURTA1500RMXL2U or Engineer approved equal.

Y. The UPS shall conform to UL 1778.  When the UPS is installed within UL508A

listed control panels the control panel environment shall be maintained to UL

1778 requirements.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify site conditions are suitable for installation of equipment.  The area for

installation shall be fully enclosed, weather tight, and free of contaminants.

B. Final or temporary HVAC systems shall be in place and operational to maintain

the ambient temperatures and humidity conditions at occupancy levels prior to

installation and shall be maintained for the remainder of the construction period.

3.2 INSTALLATION

A. Install the UPS system and associated accessories as indicated.

B. Provide the required access for maintenance of the equipment.

C. The UPS system shall be put in operation per the manufacturer's

recommendations.

3.3 FIELD QUALITY CONTROL

A. Manufacturer’s Field Services:

1. Manufacturer's field service shall be provided as specified in this Section

and in Division 01.

2. The manufacturer shall provide the field services of a factory technician for

a minimum of 1 day to supervise/inspect installation, test and start-up all

equipment provided.  All travel and living expenses shall be included.  All

equipment required for testing, start-up and performance verification shall

be provided by the start-up technician.

3. Replacement parts shall be available 24 hours a day, 7 days a week, so

the parts may be delivered to the customer site within 24 hours.

4. Assist the installing Contractor in the setup and configuration of the net-

work card and associated communications.
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B. Field Testing:

1. Prior to energization check all accessible connections to manufacturer's

torque tightening specifications.

2. Prior to energization, check for short-circuits.

3. Perform “start-up” tests as recommended by manufacturer.

4. Verify proper operation of alarm and status signals.

3.4 ADJUSTING AND CLEANING

A. Prior to final acceptance all UPS units and associated equipment shall be wiped

clean and free from dust.

B. If equipment interiors have been exposed to dust and other contaminates the

Contractor shall provide the necessary interior cleaning of equipment.  Use

precaution and proper cleaning methods to avoid damage of equipment.

3.5 TRAINING

A. The training session shall be of sufficient content and duration to provide a basic

understanding of the hardware/software in general and specific instruction on

the Site-specific implementation.

B. The UPS system supplier shall provide a minimum of 4 hours of training at the

customer's facility for operations, maintenance and service personnel.

1. The training session shall include classroom discussion on the theory of

operation of the equipment, as well as maintenance and service methods

for the equipment.

2. Topics covered shall include safety, hardware layout and functions, power

and control wiring, diagnostic indicators, keypad/display interface, faults,

diagnostic tools, troubleshooting, and preventive maintenance.

3. Hands-on training shall be provided on equipment.

4. Documentation shall be provided which shall include actual manuals for

the equipment and drawings and schematics of equipment supplied for

this project.

5. The training session shall be coordinated with Owner and Engineer.

C. The Owner at their option shall be allowed to video record all training sessions

for future reference.

END OF SECTION
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SECTION 26 33 54

SWITCHGEAR 48 VDC BATTERY SYSTEMS

PART 1 - GENERAL

1.1 SECTION INCLUDES

A. This section specifies the furnishing of a battery system nominally rated 48 volts

d c for use with switchgear.  The system shall include VRLA (valve regulated lead

acid) batteries and battery charger in a NEMA 1 ventilated metallic cabinet.

1.2 MEASUREMENT AND PAYMENT

A. No separate payment will be made for work performed under this Section.

Include payment in the lump sum bid for work of which this is a component part.

1.3 RELATED WORK

A. Specification Section 10 14 00, Identification Devices.

1.4 CODES AND STANDARDS

A. Provide equipment in full accordance with the latest applicable rules, regulations,

and standards of:

1. ANSI/IEEE 480 – Storage Batteries.

2. ANSI/IEEE 485 – Recommended Practices for Sizing Large Lead Storage

Batteries for Generating Stations and Substations.

3. NFPA 70 – National Electrical Code (NEC).

4. NFPA 110 – Emergency and Standby Power Systems.

5. UL 1564 – Battery Chargers, Industrial.

6. UL 1989 – Standby Batteries.

1.5 SUBMITTALS (FOR REVIEW/APPROVAL)

A. Submit product data on batteries, battery charger, and cabinet, in accordance

with Section 01 33 00.

B. Include dimensions of batteries, battery charger, and cabinet; number of cells,

unit weight and total weight; voltage, ratings, and capacities.
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C. Electrical Diagrams.  Submit schematic and wiring diagrams for the battery

charger.

D. O&M Manuals.  Provide six (6) copies of operation and maintenance manuals in

3-ring binders.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following manufacturers

are acceptable:

1. Strategic Protection Systems, LLC

2. Unipower Gravitas Energy Systems

3. APC Magnum XS

2.2 BATTERY

A. Type.  Valve regulated lead acid (VRLA) plate type, with short-period high-rate

discharge capability for switchgear-control application. Provide an absorbed

glass material (AGM) design with absorbed electrolyte. Gel-cell batteries or

similar designs employing a gelled-electrolyte or electrolyte paste are not

acceptable.

B. Capacity. Provide 170 Ampere-hours at the 8 hour discharge rate to 1.75 volts

per cell. Capacity shall consider an end voltage of not less than 1.75 volts per cell

at 77 F, starting from a fully charged cell.

C. Voltage.  48 volts nominal.

D. Containers.  Flame retardant ABS plastic.

E. Number of Cells.  60

F. Caps.  Flash arrestor self-sealing removable type.

G. Terminals.  Provide a battery with terminals at one end of the battery for easy

connection in a cabinet.

H. Connectors.  Provide battery to battery connectors.

I. Warranty.  10 years
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2.3 CHARGER

A. Type.  Full-wave solid state, with fully automatic a-c voltage compensation, d-c

voltage regulation, and d-c current limiting at not more than 110 percent of rated

output current, suitable for the battery described above in this specification.

B. Rating

1. Input.  120 volts, 60 hertz, single phase.

2. Output.  25 Amperes d-c continuous at 48 volts (nominal).

C. Charging Voltage

1. Float Voltage.  Adjustable 50.0 to 55.0 VDC.

2. Equalize Voltage.  Adjustable 50.0 to 550.0 VDC.

D. Accessories.  Provide following minimum accessories.

1. Incoming line circuit breaker, 25 KAIC rated.

2. “AC Power On” LED-type pilot light.

3. AC surge suppressor.

4. DC surge suppressor.

5. 1 % accuracy digital LED meter to display DC volts, DC amps, or equalization

hours remaining.

6. Float and equalize voltage adjustments.

7. Manually operated 0 to 255 hour timer that will put charger on equalize

charge for selected time and automatically return charger to float charge

when it times out.  Include "Float Charge" and "Equalize Charge" long-life

LED-type indicating lights.

8. Alarm relays for local monitoring and remote monitoring of the following

parameters:

a. AC failure.

b. DC failure.

c. High DC voltage.

d. Low DC voltage.

e. Positive and negative ground fault.

9. Provide one summary alarm relay which operates for any alarm.

10. Output circuit breaker, 10 KAIC rated.

11. Output filter for reduction to 30 mVrms ripple.

12. Battery eliminator filter.

13. Ground pad terminal.

14. MODBUS communication module.
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15. 19” rack mounted.

16. NEMA 12 enclosure.

E. Warranty.  5 years

2.4 CABINET

A. Cabinet features

1. Freestanding NEMA 1 enclosure.

2. Hinged front door with provisions for padlocking.

3. Ventilated side panels.

4. Ventilated top.

5. Equipment shall be accessible from the front by way of the hinged door.

6. Cabinet components shall be epoxy powder coat painted.

7. Cabinet designed to house one 48 VDC battery string in the bottom of the

cabinet with front accessible batteries.

8. Cabinet designed to house the battery charger in the top of the cabinet.

PART 3 - EXECUTION

3.1 FACTORY START-UP

A. Provide factory trained and certified personnel to place the batteries and charger

in service.  One week after placing batteries and charger in service, the same

startup personnel shall return and check the installation for proper operation.

3.2 IDENTIFICATION

A. Provide an engraved nameplate with “SG 48 VDC BATTERY SYSTEMS”, in

accordance with Section 10 14 00 “Identification Devices”.

END OF SECTION
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SECTION 26 36 00 

TRANSFER SWITCHES 

PART 1 - GENERAL 

1.1 GENERAL 

A. Section Includes: 

1. Manual transfer switches. 

2. Automatic transfer switches. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 01 25 13 – Product Substitutions. 

4. Section 01 33 00 – Submittals. 

5. Section 01 75 00 – Facility Start Up. 

6. Section 01 78 23 – Operation and Maintenance Data. 

7. Section 26 05 00 - Electrical:  Basic Requirements. 

8. Division 40 – Process Integration. 

9. Section 40 05 05 – Equipment: Basic Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

b. KS 1, Enclosed and Miscellaneous Distribution Equipment Switches 
(600 Volts Maximum). 

2. Underwriters Laboratories, Inc. (UL): 

a. 98, Standard for Safety Enclosed and Dead-Front Switches. 
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b. 1008, Standard for Safety Switch Equipment. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data: 

a. Provide submittal data for all products specified in PART 2 of this 
Section. 

b. See Section 26 05 00 for additional requirements. 

B. Operation and Maintenance Manuals: 

1. See Section 01 33 00 and Section 01 78 23 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

2. Commissioning sheets showing "as-left" values of all user-programmable or 
adjustable drive parameters 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. See Section 26 05 00. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the listed manufacturers 
are acceptable: 

1. Automatic transfer switches: 

a. Automatic Switch Company. 

b. Onan. 

c. Russelectric. 

d. Zenith Products. 

2. Manual transfer switches: 

a. Automatic Switch Company. 

b. Eaton. 

c. ABB. 

d. Russelectric. 

e. Schneider Electric. 

f. Siemens. 

g. Zenith Products. 
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B. Submit request for substitution in accordance with Section 01 25 13. 

2.2 MANUAL TRANSFER SWITCH 

A. Double throw load break rated with: 

1. Quick-make/quick-break operating mechanism. 

2. Deionizating arc chutes. 

3. Double-break rotary action shaft and switchblade shall be manufactured as 
one (1) common component. 

4. Clear line shields to prevent accidental contact with line terminals. 

B. Operating handle:  Easily recognizable and padlockable in both positions. 

C. Wiring configuration to allow single load to be supplied by a normal or alternate 
source. 

D. Ratings: 

1. Voltage and amperage:  As indicated on Drawings. 

2. Short circuit withstand:  Equal to or greater than the upstream equipment. 

E. Enclosure: 

1. NEMA 1 rated: 

a. Body and cover:  Sheet steel finished with rust inhibiting primer and 
manufacturers standard paint inside and out. 

b. With or without knockouts, hinged and lockable door. 

2. NEMA 4X rated: 

a. Body and cover:  Type 304 stainless steel. 

b. No knockouts, external mounting flanges, hinged, gasketed and 
lockable door. 

F. Standards:  NEMA KS 1, UL 98. 

2.3 AUTOMATIC TRANSFER SWITCH 

A. Construction: 

1. Electrically operated mechanically held, double throw, air-break type. 

2. Silver-surface main contacts and protect by arcing contacts. 

3. Switch shall have provisions for visual inspection of switch blades and 
contacts. 

4. Mechanical design will positively open all ungrounded conductors from 
normal source before connection is made to alternate source and will 
positively open alternate source before connection is made to normal 
source. 
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5. Mechanical interlock to ensure the switch cannot be readily disabled, 
disconnected, improperly adjusted, removed or otherwise made inoperative. 

6. Make all contacts and coils readily accessible for replacement from front of 
panel without major disassembly. 

7. Ratings: 

a. Continuous duty in both normal and emergency. 

b. Three-phase, three-pole, four-wire. 

c. Voltage and current ratings as indicated on the Drawings. 

d. Short circuit withstand rating equal to or greater than the normal source 
electrical gear. 

8. Standards:  UL 1008. 

B. Operation: 

1. Microprocessor based control module. 

2. Delayed open transition. 

3. Red and green indicating lights with fuses, identification nameplates, and 
test switch on front to simulate normal power failure at switch. 

4. Engine starting contacts and all other auxiliary contacts and accessory 
devices for functions to be performed. 

5. Supervisory voltage relays on each phase of normal source and single 
phase supervisory voltage and frequency relay for emergency source. 

a. Normal source voltage sensing. 

1) Adjustable pickup from 85-100 percent of rated voltage, factory set 
90 percent. 

2) Adjustable dropout from 75-98 percent of pickup setting, factory set 
85 percent. 

b. Emergency source voltage and frequency sensing: 

1) Adjustable pickup from 85-100 percent of rated voltage, factory set 
90 percent. 

2) Fixed voltage dropout at 85 percent of pickup setting. 

3) Adjustable pickup from 90-100 percent of rated frequency, factory 
set 95 percent. 

4) Fixed frequency dropout at 88 percent of pickup setting. 

6. Time delays: 

a. Engine start, adjustable from 0 to 10 seconds, factory set at 4 seconds, 
to avoid unnecessary starting caused by short time outages. 

b. Transfer to generator, adjustable from 0 to 120 seconds, factory set at 
10 seconds. 
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c. Retransfer to normal, adjustable from 2 to 30 minutes, factory set at 15 
minutes to avoid erratic operation caused by short time reestablishment 
of normal source. 

1) Automatically bypassed when emergency source fails and normal 
source is available. 

d. Generator cool down, adjustable from 0 to 60 minutes, factory set at 10 
minutes. 

7. Exerciser timer: 

a. Enable and disable function. 

b. Selectable to exercise with or without transferring load. 

c. Adjustable exercise duration from 1 minute to 24 HRS, factory set at 15 
minutes. 

d. Adjustable day of the week exercise setting, factory set for Monday. 

8. In phase monitor: 

a. Compare the phase relationship and frequency difference between the 
normal and emergency sources and permit transfer the first time the 
sources are within 15 electrical degrees and only if transfer can be 
accomplished within 60 electrical degrees as determined by monitoring 
the frequency differences. 

b. In phase transfer accomplished if both sources are within 2 Hz of rated 
frequency and 70 percent or more of rated voltage. 

C. Enclosure: 

1. NEMA 1 rated. 

a. Body and cover:  Sheet steel finished with a rust inhibiting primer and 
manufacturer’s standard paint inside and out. 

b. No knockouts, hinged and lockable door. 

2. NEMA 4X rated: 

a. Body and cover:  Type 304 stainless steel. 

b. No knockouts, external mounting flanges, hinged, gasketed and 
lockable door. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install as indicated and in accordance with manufacturer's recommendations 
and instructions. 

B. Connect as indicated in one-line diagram. 

C. Mounting of manual transfer switches:  Wall-mounted. 

D. Mounting of automatic transfer switches: 
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1. Wall-mounted or floor mounted on 4 IN high concrete pad. 

E. Manual Transfer Switch Enclosure: 

1. Permitted uses of NEMA 1 rated enclosure: 

a. Surface mounted in areas designated as dry. 

2. Permitted uses of NEMA 4X rated enclosure: 

a. Surface mounted in areas designated as wet and/or corrosive. 

3.2 FIELD QUALITY CONTROL 

A. Comply with Section 40 05 05. 

B. Comply with manufacturer's written instructions. 

C. Employ and pay for services of equipment manufacturer's field representative(s) 
to: 

1. Inspect equipment covered by this Section. 

2. Supervise adjustments and installation checks. 

3. Conduct initial startup of equipment and perform operations checks. 

4. Provide Owner with written documentation per Section 40 05 05 that 
manufacturer's equipment has been installed properly, started up and is 
ready for operation by Owner's personnel. 

5. Instruct Owner's personnel per Section 01 75 00 at jobsite. 

D. Automatic Transfer Switch Testing: 

1. Simulate power outage by opening normal source overcurrent device. 

a. Verify engine generator starts and switch transfers in the specified time. 

2. Close normal source overcurrent device to simulate the return of normal 
power. 

a. Verify the switch retransfers and engine generator shuts down in the 
specified time. 

3. Perform a manual transfer and retransfer. 

4. Verify the indicator lights function properly. 

END OF SECTION 
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SECTION 26 41 14 

LIGHTNING PROTECTION SYSTEM 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Lightning protection requirements 

B. This specification is applicable to the following Areas: 

1. Area 03 – Pump Building 

2. Area 04 – Chemical Facility 

3. Area 06 – Maintenance Building 

C. Related Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 

Contract. 

2. Division 01 - General Requirements. 

3. Section 01 25 13 – Product Substitutions. 

4. Section 01 33 00 – Submittals. 

5. Section 01 75 00 – Facility Start Up. 

6. Section 01 78 23 – Operation and Maintenance Data. 

7. Division 26 – Electrical. 

8. Section 26 05 26 – Grounding. 

9. Division 40 – Process Integration. 

10. Section 40 05 05 – Equipment: Basic Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 

associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment 

for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 
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1. Lighting Protection Institute (LPI). 

2. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC). 

b. 780, Lightning Protection Code. 

3. Underwriters Laboratories, Inc. (UL). 

1.4 DEFINITIONS 

A. Installer:  Installer is the person actually installing the product in the field at the 

Project site. 

B. Classification of Buildings: 

1. Class I:  Any commercial, industrial, or residential building less than 75 FT in 

height. 

2. Class II:  Any commercial, industrial, or residential building 75 FT or taller. 

3. Class II (modified):  Heavy-duty stacks. 

4. Heavy-duty stacks:  Any smoke or vent stack with a flue cross-section area 

greater than 500 SQ IN and a stack height greater than 75 FT. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Section 01 33 00 “Submittals” for requirements for the mechanics and 

administration of the submittal process. 

2. Product technical data: 

a. Provide submittal data for all products specified in PART 2 of this Section. 

b. Provide manufacturer's technical information on products to be used, 

including product descriptive bulletin. 

c. Include data sheets that include manufacturer’s name and product model 

number. 

1) Clearly identify all optional accessories. 

d. Acknowledgement that products submitted are in compliance with LPI or 

UL. 

e. Manufacturer's delivery, storage, handling and installation instructions. 

f. Equipment installation details. 

3. Fabrication and/or layout drawings: 

a. Plan drawing showing type, size, and locations of all lightning protection 

hardware. 

b. Roof penetration details. 
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c. Verification that the installation shall comply with the requirements of and 

shall qualify for the UL Master Label Certificate. 

B. Operation and Maintenance Manuals 

1. See Section 01 33 00 and Section 01 78 23 “Operation and Maintenance 

Data” for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

2. Product data and layout drawings 

3. Requirements for and frequency of periodic inspections 

C. Miscellaneous Submittals 

1. See Section 01 33 00 for requirements for the mechanics and administration 

of the submittal process. 

2. UL Master Label Certificate. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following manufacturers 

are acceptable: 

1. Harger Lightning Protection. 

2. Robbins Lightning Protection Company. 

3. Thompson Lightning Protection, Inc. 

B. Submit request for substitution in accordance with Section 01 25 13 “Product 

Substitutions”. 

2.2 MATERIALS 

A. Air Terminals: 

1. Class I applications: 

a. Solid or tubular copper nickel tip type. 

b. Solid copper terminals shall be a minimum of 3/8 IN DIA. 

1) Tubular copper shall be a minimum of 5/8 IN DIA. 

c. Minimum height of 12 IN above object being protected. 

2. Class II applications: 

a. Solid copper nickel tip type. 
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b. Terminals shall be a minimum of 1/2 IN DIA. 

c. Terminals shall be a minimum of 24 IN above object being protected. 

3. Class II (modified): 

a. Solid copper, stainless steel or monel metal type. 

1) Copper air terminals shall be lead-coated for corrosion protection. 

b. Terminals shall be a minimum of 5/8 IN DIA exclusive of corrosion 

protection. 

c. Terminals shall be a minimum of 18 IN, and not more than 30 IN, above 

object being protected. 

B. Air terminal bases shall be cast bronze with bolt pressure cable connectors. 

C. All main and secondary conductors shall be copper cable or copper solid strip 

sized according to Tables 3-1.1(a) and 3-1.1(b) of NFPA 780. 

1. Except where structural steel is utilized as the main and secondary 

conductors. 

2. Conductors within 25 FT of the top of a stack shall be lead-covered. 

D. Conductor fasteners, connector fittings, bonding fittings, conductor splicers and 

thru-wall or thru-roof assemblies shall be cast bronze, brass or copper with bolt 

pressure connectors. 

E. Ground rods shall be in accordance with Section 26 05 26 “Grounding”. 

F. All bolts, nuts, and screws shall be stainless steel. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Installation and materials shall be in accordance with LPI and NFPA 780 

standards. 

C. Air terminals less than 2 FT in height shall be placed a maximum of 20 FT apart 

along the perimeter of a flat or gently sloping roof. 

1. Air terminals 2 FT or higher shall be placed a maximum of 25 FT apart along 

the perimeter. 
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D. Air terminals shall be placed within 2 FT of the ends of ridges, or edges and 

corners of roof. 

1. All air terminals along the perimeter shall be interconnected by the main roof 

conductor loop. 

E. Flat or gently sloping roofs which exceed 50 FT in width or length shall have 

additional air terminals within the periphery at intervals not exceeding 50 FT. 

1. Main conductor cross runs shall be used to connect these terminals to the 

main roof conductor loop. 

F. Support air terminals against overturning. 

1. Air terminals exceeding 2 FT in height shall be supported at a point not less 

than one-half its height. 

G. Provide a minimum of two (2) unspliced down conductors with a maximum 

spacing of 100 FT along the perimeter of a building. 

1. Unless structural steel is utilized as the down conductor. 

H. All exterior metal objects on non-metallic roofs, or metal siding within 6 FT of a 

primary conductor or air terminal, shall be bonded to the primary conductor. 

I. All roof-mounted metallic objects on non-metallic roofs having an area of 400 SQ 

IN or greater, a volume of 1000 CU IN or greater, or a height equal to or greater 

than the adjacent air terminal shall be bonded to the lightning protection system. 

1. Use bonding plates having a surface area of not less than 3 SQ IN. 

J. Metal objects less than 3/16 IN thick that are required to be bonded shall be 

protected by an air terminal. 

K. Securely attach conductors to the building using non-corrosive fasteners spaced 

no more than 3 FT apart. 

L. Do not install copper conductors or fasteners in contact with aluminum surfaces. 

M. Down conductors shall be encased in rigid non-metallic conduit from a minimum 

of 2 FT below grade to a minimum of 8 FT above grade. 

N. Provide connection to incoming electric and telephone service ground per NEC 

for common bonding. 

O. Connection to ground grid shall be made in accordance with Section 26 05 26. 
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P. All components shall be installed to blend in with the appearance of the building, 

so that they appear as part of the building. 

1. Down conductors shall be mounted in locations along the structure walls 

where they are least observable. 

Q. Steel support columns shall be utilized as down conductors on all steel framed 

buildings. 

1. Properly bond the main roof conductor to, at a minimum, every other steel 

column along the perimeter of the structure. 

R. Reinforcing steel shall be electrically continuous and bonded to the lightning 

protection system. 

S. Metal guy wires and cables shall be bonded to the lightning protection system. 

T. Class I Steel-Framed Buildings: 

1. Steel columns shall be utilized as the down conductors. 

2. Steel roof beams and trusses shall be utilized as the main and secondary 

conductors. 

3. Air terminals shall be bonded to the steel columns, roof beams, or trusses. 

a. Building penetration shall be with thru-roof type fittings. 

4. Verify electrical continuity of the framing system. 

U. Class II (modified) Heavy-Duty Metal Stacks or Vents: 

1. Steel stacks fabricated of greater than 3/16 IN thick steel shall: 

a. Not require air terminals. 

b. Be bonded to the lightning protection system at roof level. 

c. Be bonded to the lightning protection system at grade level. 

3.2 FIELD QUALITY CONTROL 

A. Installation shall be performed in accordance with UL and NFPA. 

B. The completed installation shall qualify for and receive the UL Master Label. 

C. Provide a nameplate, attached to the structure that includes the name and 

address of the Contractor responsible for the installation of the lightning 

protection system. 

D. Comply with Section 40 05 05. 
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E. Comply with manufacturer's written instructions. 

F. Employ and pay for services of equipment manufacturer's field representative(s) 

to: 

1. Inspect equipment covered by this Section. 

2. Supervise adjustments and installation checks. 

3. Conduct initial startup of equipment and perform operations checks. 

4. Provide Owner with written documentation per Section 40 05 05 that 

manufacturer's equipment has been installed properly, started up and is 

ready for operation by Owner's personnel. 

END OF SECTION 
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SECTION 26 43 13 

LOW VOLTAGE SURGE PROTECTION DEVICES (SPD) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Type 1 SPD - High exposure locations (switchgear, switchboard, 
panelboard or motor control center), integrally mounted. 

2. Type 2 SPD - High exposure locations (switchgear, switchboard, 
panelboard or motor control center), externally mounted. 

3. Type 3 SPD - Medium exposure locations (switchboard, panelboard and 
motor control center), integrally mounted. 

4. Type 4 SPD - Medium exposure location (switchboard, panelboard and 
motor control center), externally mounted. 

5. Type 5 SPD - Medium or low exposure locations at individual equipment 
locations, external, parallel connection. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 01 33 00 – Submittals. 

4. Section 01 78 23 – Operation and Maintenance Data. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. Institute of Electrical and Electronics Engineers, Inc. (IEEE): 

a. C62.41, Recommended Practice for Surge Voltages in Low-Voltage AC 
Power Circuits. 

b. C62.41.1, Guide on the Surge Environment in Low-Voltage (1000V and 
Less) AC Power Circuits. 
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c. C62.41.2, Recommended Practice on Characterization of Surges in 
Low-Voltage (1000 V and Less) AC Power Circuits. 

d. C62.45, Recommended Practice on Surge Testing For Equipment 
Connected to Low-Voltage (1000V and Less) AC Power Circuits. 

2. Military Standard: 

a. MIL-STD-220B, Method of Insertion-Loss Measurement. 

3. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

b. LS 1, Low Voltage Surge Protective Devices. 

4. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC). 

5. Underwriters Laboratories, Inc. (UL): 

a. 1283, Standard for Electromagnetic Interference Filters. 

b. 1449, Standard for Safety Transient Voltage Surge Suppressors. 

B. Qualifications: 

1. Provide devices from a manufacturer who has been regularly engaged in 
the development, design, testing, listing and manufacturing of SPDs of the 
types and ratings required for a period of 10 years or more and whose 
products have been in satisfactory use in similar service. 

a. Upon request, suppliers or manufacturers shall provide a list of not less 
than three (3) customer references showing satisfactory operation. 

1.4 DEFINITIONS 

A. Clamping Voltage: 

1. The applied surge shall be induced at the 90 degree phase angle of the 
applied system frequency voltage. 

2. The voltage measured at the end of the 6 IN output leads of the SPD and 
from the zero voltage reference to the peak of the surge. 

B. Let-Through Voltage: 

1. The applied surge shall be induced at the 90 degree phase angle of the 
applied system frequency voltage. 

2. The voltage measured at the end of the 6 IN output leads of the SPD and 
from the system peak voltage to the peak of the surge. 

C. Maximum Continuous Operating Voltage (MCOV):  The maximum steady state 
voltage at which the SPD device can operate and meet its specification within 
its rated temperature. 
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D. Maximum Surge Current 

1. The maximum 8 x 20 microsecond surge current pulse the SPD device is 
capable of surviving on a single-impulse basis without suffering either 
performance degradation or more than 10 percent deviation of clamping 
voltage at a specified surge current. 

2. Listed by mode, since number and type of components in any SPD may 
very by mode. 

E. MCC:  Motor Control Center. 

F. Protection Modes:  This parameter identifies the modes for which the SPD has 
directly connected protection elements, i.e., line-to-neutral (L-N), line-to-line (L-
L), line-to-ground (L-G), neutral-to-ground (N-G). 

G. Surge Current per Phase: 

1. The per phase rating is the total surge current capacity connected to a 
given phase conductor. 

a. For example, a wye system surge current per phase would equal L-N 
plus L-G; a delta system surge current per phase would equal L-L plus 
L-G. 

b. The N-G mode is not included in the per phase calculation. 

H. System Peak Voltage:  The electrical equipment supply voltage sine wave peak 
(i.e., for a 480/277 V system the L-L peak voltage is 679V and the L-N peak 
voltage is 392 V). 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Manufacturer's qualifications. 

b. Standard catalog cut sheet. 

c. Electrical and mechanical drawing showing unit dimensions, weights, 
mounting provisions, connection details and layout diagram of the unit. 

d. Testing procedures and testing equipment data. 

e. Create a Product Data Sheet for each different model number of SPD 
provided (i.e., Model XYZ with disconnect and Model XYZ without 
disconnect, each require a Product Data Sheet). 

1) Data in the Product Data Sheet heading: 

a) SPD Type Number per PART 2 of this Specification Section. 

b) Manufacturer’s Name. 

c) Product model number. 
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2) Data in the Product Data Sheet body: 

a) Column one:  Specified value/feature of every paragraph of 
PART 2 of this Specification Section. 

b) Column two:  Manufacturer’s certified value confirming the 
product meets the specified value/feature. 

c) Name of the nationally recognized testing laboratory that 
preformed the tests. 

d) Warranty information. 

3) Data in the Product Data Sheet closing: 

a) Signature of the manufacturer’s official (printed and signed). 

b) Title of the official. 

4) Date of signature. 

B. Operation and Maintenance Manual: 

1. See Specification Section 01 33 00 and Specification Section 01 78 23 for 
requirements for: 

a. The mechanics and administration of submittal process. 

b. The content of the Operation and Maintenance Manuals. 

2. Warranty. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Eatonr 

2. Current Technology 

3. Phoenix Contact 

B. Submit request for substitution in accordance with Specification Section 01 
25 13. 

C. Standards:  IEEE C62.41.1, IEEE C62.41.2, IEEE C62.45, NEMA LS 1, MIL-
STD 220B, UL 1283, UL 1449. 

2.2 TYPE 1 SPD 

A. For standalone application, manufacturer to be: 

1. Eatonr 

2. Current Technology 
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3. Phoenix Contact 

4. Or approved equal 

B. Product: 

1. Integrally mounted in switchgear, switchboards or MCCs. 

2. Hybrid solid-state high performance suppression system. 

a. Do not use a suppression system with gas tubes, spark gaps or other 
components which might short or crowbar the line resulting in 
interruption of normal power flow to connected loads. 

3. Do not connect multiple SPD modules in series to achieve the specified 
performance. 

4. Designed for parallel connection. 

5. Field connection:  Use mechanical or compression lugs for each phase, 
neutral and ground that will accept bus bar or #10 through #1/0 conductors. 

6. Device monitor: 

a. Long-life, solid state, externally visible indicators and Form C dry 
contact(s) that monitors the on-line status of each mode of the units 
suppression filter system and power loss in any of the phases. 

b. A fuse status only monitor system is not acceptable. 

C. Operating Voltage:  The nominal unit operating voltage and configuration as 
indicated on Drawings. 

D. Modes of Protection - All Modes: 

1. Three phase (delta):  L-L, L-G. 

2. Three phase (wye):  L-N, L-L, L-G and N-G. 

3. Single phase (2 pole):  L-L, L-N, L-G and N-G. 

4. Single phase:  L-N, L-G and N-G. 

E. Maximum Continuous Operating Voltage:  Less than 130 percent of system 
peak voltage. 

F. Operating Frequency:  45 to 65 Hz. 

G. Short Circuit Rating:  Equal to or greater than rating of equipment SPD is 
connected to. 

H. Maximum Surge Current:  240,000 A per phase, 120,000 A per mode minimum. 

I. Minimum Repetitive Surge Current Capacity:  4000 IEEE C High waveform 
impulses with no degradation greater than 10 percent deviation of the clamping 
voltage. 

J. SPD Protection: 



LOW VOLTAGE SURGE WHCRWA 

PROTECTION DEVICES (SPD) CENTRAL PUMP STATION       
 
 

WHCRWA CENTRAL PUMP STATION 
LOW VOLTAGE SURGE PROTECTION DEVICES (SPD) 

26 43 13 - 6 OF 16 

1. Integral unit level and/or component level overcurrent fuses and sustained 
overvoltage thermal cutout device. 

2. An IEEE C High waveforms shall not cause the fuse to open and render the 
SPD inoperable. 

K. Maximum Clamping Voltages:  Dynamic test at the 90 degree phase angle 
including 6 IN lead length and measured from the zero voltage reference: 

 

 
Test 
Mode 

IEEE C62.41 

UL 1449 
C High V & I 

Wave 

B 
Combination 

Wave 

L-L < 250 V 
L-N < 150 V 

L-L 1470 V 1000 V 800 V 
L-N 850 V 600 V 500 V 
L-G 1150 V 800 V 600 V 
N-G 1150 V 800 V 600 V 

L-L > 250 V 
L-N > 150 V 

L-L 2700 V 2000 V 1800 V 
L-N 1500 V 1150 V 1000 V 
L-G 2000 V 1550 V 1200 V 
N-G 2000 V 1550 V 1200 V 

 
L. EMI-RFI Noise Rejection:  Attenuation greater than 30 dB for frequencies 

between 100 kHz and 100 MHz. 

2.3 TYPE 2 SPD 

A. Product: 

1. Externally mounted next to switchgear, switchboards or MCCs. 

2. Hybrid solid-state high performance suppression system. 

a. Do not use suppression system with gas tubes, spark gaps or other 
components which might short or crowbar the line resulting in 
interruption of normal power flow to connected loads. 

3. Do not connect multiple SPD modules in series to achieve the specified 
performance. 

4. Designed for parallel connection. 

5. Enclosure: 

a. Metallic NEMA 4 or 12 for interior locations. 

b. Metallic NEMA 4X for exterior locations. 

6. Field connection: 

a. Mechanical or compression lugs for each phase, neutral and ground 
that will accept #10 through #1/0 conductors.  OR 
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b. Preinstalled lead conductors:  Size per manufacturer, length as required 
with a maximum of 5 FT. 

7. Device monitor: 

a. Long-life, solid state, externally visible indicators and Form C dry 
contact(s) that monitor the on-line status of each mode of the units 
suppression filter system or power loss in any of the phase. 

b. A fuse status only monitor system is not acceptable. 

8. Accessories (when specifically specified):  Unit mounted disconnect switch. 

B. Operating Voltage:  Nominal unit operating voltage and configuration Modes of 
Protection - All Modes: 

1. Three phase (delta):  L-L, L-G. 

2. Three phase (wye):  L-N, L-L, L-G and N-G. 

3. Single phase (2 pole):  L-L, L-N, L-G and N-G. 

4. Single phase:  L-N, L-G and N-G. 

C. Maximum Continuous Operating Voltage:  Less than 130 percent of system 
peak voltage. 

D. Operating Frequency:  45 to 65 Hz. 

E. Short Circuit Rating:  Equal to or greater than rating of equipment SPD is 
connected to. 

F. Maximum Surge Current:  240,000 A per phase, 120,000 A per mode minimum. 

G. Minimum Repetitive Surge Current Capacity:  4000 IEEE C High waveform 
impulses with no degradation of more than 10 percent deviation of the clamping 
voltage. 

H. SPD Protection: 

1. Integral unit level and/or component level overcurrent fuses and sustained 
overvoltage thermal cutout device. 

2. An IEEE C High waveforms shall not cause the fuse to open and render the 
SPD inoperable. 
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I. Maximum Clamping Voltages:  Dynamic test at the 90 degree phase angle 
including 6 IN lead length and measured from the zero voltage reference: 

 

System 
Voltage 

Test 
Mode 

IEEE C62.41 

UL 1449 

C High V & I 
Wave 

B 
Combination 

Wave 

L-L < 250 V 
L-N < 150 V 

L-L 1470 V 1000 V 800 V 
L-N 850 V 600 V 500 V 
L-G 1150 V 800 V 600 V 
N-G 1150 V 800 V 600 V 

L-L > 250 V 
L-N > 150 V 

L-L 2700 V 2000 V 1800 V 
L-N 1500 V 1150 V 1000 V 
L-G 2000 V 1550 V 1200 V 
N-G 2000 V 1550 V 1200 V 

 
J. EMI-RFI Noise Rejection:  Attenuation greater than 30 dB for frequencies 

between 100 kHz and 100 MHz. 

2.4 TYPE 3 SPD 

A. Product: 

1. Integrally mounted in a switchboard, panelboards or motor control centers. 

2. Hybrid solid state high performance suppression system. 

a. Do not use gas tubes, spark gaps or other components in suppression 
system which might short or crowbar the line resulting in interruption of 
normal power flow to connected loads. 

3. Do not connect multiple SPD modules in series to achieve the specified 
performance. 

4. Designed for parallel connection. 

5. Field connection:  Use mechanical or compression lugs for each phase, 
neutral and ground that will accept bus bar or #10 through #1/0 conductors. 

6. Device monitor: 

a. Long-life, solid state, externally visible indicators and Form C contact(s) 
that monitor the on-line status of each mode of the units suppression 
filter system or power loss in any of the phases. 

b. A fuse status only monitor system is not acceptable. 

B. Operating Voltage:  The nominal unit operating voltage and configuration as 
indicated on the Drawings. 

C. Modes of Protection - All Modes: 

1. Three phase (delta):  L-L, L-G. 
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2. Three phase (wye):  L-N, L-L, L-G and N-G. 

3. Single phase (2 pole):  L-L, L-N, L-G and N-G. 

4. Single phase:  L-N, L-G and N-G. 

D. Maximum Continuous Operating Voltage:  Less than 130 percent of system 
peak voltage. 

E. Operating Frequency:  45 to 65 Hz. 

F. Short Circuit Rating:  Equal to or greater than rating of equipment SPD is 
connected to. 

G. Maximum Surge Current:  160,000 A per phase, 80,000 A per mode minimum. 

H. Minimum Repetitive Surge Current Capacity:  4000 IEEE C High or B 
combination waveform impulses with no degradation of more than 10 percent 
deviation of the clamping voltage. 

I. SPD Protection: 

1. Integral unit level and/or component level overcurrent fuses and sustained 
overvoltage thermal cutout device. 

2. An IEEE B combination wave shall not cause the fuse to open and render 
the SPD inoperable. 

J. Maximum Clamping Voltages:  Dynamic test at the 90 degree phase angle 
including 6 IN lead length and measured from the zero voltage reference: 

 

System 
Voltage 

Test 
Mode 

IEEE C62.41 

UL 1449 
B Comb. 

Wave 
B3 Ring 

Wave 

L-L < 250 V 
L-N < 150 V 

L-L 1000 V 700 V 800 V 
L-N 600 V 400 V 500 V 
L-G 800 V 550 V 600 V 
N-G 800 V 550 V 600 V 

L-L > 250 V 
L-N > 150 V 

L-L 2000 V 1400 V 1800 V 
L-N 1150 V 800 V 1000 V 
L-G 1550 V 1000 V 1200 V 
N-G 1550 V 1000 V 1200 V 

 
K. EMI-RFI Noise Rejection:  Attenuation greater than 30 dB for frequencies 

between 100 kHz and 100 MHz. 

2.5 TYPE 4 SPD 

A. Product: 

1. Externally mounted next to Switchgear, Switchboards or Motor Control 
Centers. 
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2. Hybrid solid state high performance suppression system. 

a. Do not use gas tubes, spark gaps or other suppression system 
components which might short or crowbar the line resulting in 
interruption of normal power flow to connected loads. 

3. Do not connect multiple SPD modules in series to achieve the specified 
performance. 

4. Designed for parallel connection. 

5. Enclosure: 

a. Metallic NEMA 4 or 12 for interior locations. 

b. Metallic NEMA 4X for exterior locations. 

6. Field connection: 

a. Mechanical or compression lugs for each phase, neutral and ground 
that will accept #10 through #1/0 conductors.  OR 

b. Preinstalled lead conductors:  Size per manufacturer, length as required 
with a maximum of 5 FT. 

7. Device monitor: 

a. Long-life, solid state, externally visible indicators and Form C dry 
contact(s) that monitor the on-line status of each mode of the units 
suppression filter system or power loss in any of the phase. 

b. A fuse status only monitor system is not acceptable. 

8. Accessories (when specifically specified):  Unit mounted disconnect switch. 

B. Operating Voltage:  Nominal unit operating voltage and configuration as 
indicated on the Drawings. 

C. Modes of Protection - All Modes: 

1. Three phase (delta):  L-L, L-G. 

2. Three phase (wye):  L-N, L-L, L-G and N-G. 

3. Single phase (2 pole):  L-L, L-N, L-G and N-G. 

4. Single phase:  L-N, L-G and N-G. 

D. Maximum Continuous Operating Voltage:  Less than 130 percent of system 
peak voltage. 

E. Operating Frequency:  45 to 65 Hz. 

F. Maximum Surge Current:  160,000 A per phase, 80,000 A per mode minimum. 

G. Minimum Repetitive Surge Current Capacity:  4000 IEEE C High or B 
combination waveform impulses with no degradation of more than 10 percent 
deviation of the clamping voltage. 

H. SPD Protection: 
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1. Integral unit level and/or component level overcurrent fuses and sustained 
overvoltage thermal cutout device. 

2. An IEEE B combination wave shall not cause the fuse to open and render 
the SPD inoperable. 

I. Maximum Clamping Voltages:  Dynamic test at the 90 degree phase angle 
including 6 IN lead length and measured from the zero voltage reference: 

 

System 
Voltage 

Test 
Mode 

IEEE C62.41 

UL 1449 
B Comb. 

Wave 
B Ring 
Wave 

L-L < 250 V 
L-N < 150 V 

L-L 1000 V 700 V 800 V 
L-N 600 V 400 V 500 V 
L-G 800 V 550 V 600 V 
N-G 800 V 550 V 600 V 

L-L > 250 V 
L-N > 150 V 

L-L 2000 V 1400 V 1800 V 
L-N 1150 V 800 V 1000 V 
L-G 1550 V 1000 V 1200 V 
N-G 1550 V 1000 V 1200 V 

 
J. EMI-RFI Noise Rejection:  Attenuation greater than 30 dB for frequencies 

between 100 kHz and 100 MHz. 

2.6 TYPE 5 SPD 

A. Product: 

1. Externally mounted next to equipment or internally to control panel for point-
of-use loads. 

2. Hybrid solid state high performance suppression system. 

a. Do not use gas tubes, spark gaps or other suppression system 
components which might short or crowbar the line resulting in 
interruption of normal power flow to connected loads. 

3. Designed for parallel connection. 

4. Enclosure: 

a. Metallic NEMA 4 or 12 for interior locations. 

b. Metallic NEMA 4X for exterior locations. 

5. Field connection: 

a. Mechanical or compression lugs for each phase, neutral and ground 
that will accept #10 through #1/0 conductors.  OR 

b. Preinstalled lead conductors:  Size per manufacturer, length as required 
with a maximum of 2 FT. 

6. Device monitor: 
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a. Long-life, solid state, externally visible indicators and Form C dry 
contact(s) that monitor the on-line status of each mode of the units 
suppression filter system or power loss in any of the phase. 

b. A fuse status only monitor system is not acceptable. 

7. Accessories (when specifically specified):  Unit mounted disconnect switch. 

B. Operating Voltage:  Nominal unit operating voltage and configuration as 
indicated on the Drawings. 

C. Modes of Protection - All Modes: 

1. Three phase (delta):  L-L, L-G. 

2. Three phase (wye):  L-N, L-L, L-G and N-G. 

3. Single phase (2 pole):  L-L, L-N, L-G and N-G. 

4. Single phase:  L-N, L-G and N-G. 

D. Maximum Continuous Operating Voltage:  Less than 130 percent of system 
peak voltage. 

E. Operating Frequency:  45 to 65 Hz. 

F. Short Circuit Rating:  Equal to or greater than rating of equipment SPD is 
connected to. 

G. Maximum Surge Current:  120,000 A per phase, 60,000 A per mode minimum. 

H. Minimum Repetitive Surge Current Capacity:  4000 IEEE C High or B 
combination waveform impulses with no degradation of more than 10 percent 
deviation of the clamping voltage. 

I. SPD Protection: 

1. Integral unit level and/or component level overcurrent fuses and sustained 
overvoltage thermal cutout device. 

2. An IEEE B combination wave shall not cause the fuse to open and render 
the SPD inoperable. 
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J. Maximum Clamping Voltages:  Dynamic test at the 90 degree phase angle 
including 6 IN lead length and measured from the zero voltage reference: 

 

System 
Voltage 

Test 
Mode 

IEEE C62.41 

UL 1449 
B Comb. 

Wave 
B Ring 
Wave 

L-L < 250 V 
L-N < 150 V 

L-L 1000 V 700 V 800 V 
L-N 600 V 400 V 500 V 
L-G 800 V 550 V 600 V 
N-G 800 V 550 V 600 V 

L-L > 250 V 
L-N > 150 V 

L-L 2000 V 1400 V 1800 V 
L-N 1150 V 8000 V 1000 V 
L-G 1550 V 1000 V 1200 V 
N-G 1550 V 1000 V 1200 V 

 
K. EMI-RFI Noise Rejection:  Attenuation greater than 30 dB for frequencies 

between 100 kHz and 100 MHz. 

2.7 SOURCE QUALITY CONTROL 

A. Obtain SPD approvals and ratings by manufacturers from nationally recognized 
testing laboratories. 

B. Test SPDs as a complete system including: 

1. Integral unit level and/or component level fusing. 

2. Neutral and ground shall not be bonded during testing. 

3. 6 IN lead lengths. 

4. Integral disconnect switch when provided. 

C. The "as installed" SPD system, including the manufacturers recommended 
circuit breaker the SPD is connected to, will not open when tested with a IEEE 
C3 combination waveform. 

D. Tests to be performed in accordance with IEEE C62.45: 

1. Clamping voltage performance testing using IEEE C62.41 Category 
waveforms. 

2. Single pulse surge current capacity test. 

3. Repetitive surge current capacity testing. 

4. Spectrum analysis for EMI-RFI noise rejection. 
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PART 3 - EXECUTION 

3.1 SINSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Type 1 and 3 SPD: 

1. Connected in parallel to the equipment. 

2. Install in dedicated electrical equipment compartment, bucket or panelboard 
box at the factory before shipment. 

3. Provide leads that are as short and straight as possible. 

4. Maximum lead length:  12 IN. 

5. Minimum lead size:  #2 stranded AWG or bus bar. 

6. Connect leads to the equipment to be protected by one (1) of the following 
means: 

a. Through a circuit breaker or molded case switch mounted in the 
equipment. 

b. Use manufacturer recommended circuit breaker size. 

c. Circuit breaker or switch to be operable from the equipment exterior or 
from behind a hinged door. 

C. Type 2, 4 and 5 SPD: 

1. Mounting options: 

a. On wall or support structure adjacent to the equipment to be protected 
with leads routed through conduit.  OR 

b. Nipple connection directly to the equipment to be protected. 

2. Install leads as short and straight as possible. 

3. Maximum lead length:  5 FT. 

4. Minimum lead size: 

a. Type 2 and 4 SPD:  #2 stranded AWG. 

b. Type 5:  #10 stranded AWG. 

5. When conduit connection is used, provide a minimum of four (4) twists per 
foot in the lead conductors and install in NEC sized conduit. 

6. Connect leads to the equipment to be protected by one (1) of the following 
means: 

a. Through a circuit breaker or molded case switch mounted in the 
equipment. 

1) Use manufacturer recommended circuit breaker size. 
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b. Directly to the protected equipment bus, when SPD has integral 
disconnect switch. 

c. To the load side of field mounted equipment’s local disconnect switch. 

1) Provide taps or lugs as required to provide a UL and NEC 
compliant connection. 

END OF SECTION 
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SECTION 26 51 19 

LED INTERIOR LIGHTING 

PART 1 -  GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Specification Sections, apply to this 

Section. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of the 

Contract 

2. Division 01 – General Requirements 

3. Section 10 14 00 – Identification Devices  

4. Section 26 05 19 – Wire and Cable 600 volts and below 

5. Section 26 05 29 – Hangers and Supports for Electrical Systems 

6. Section 26 09 23 – Lighting Control Devices 

7. Section 26 09 33 – Central Dimming Controls 

8. Section 26 09 36 – Modular Dimming Controls 

1.2 SUMMARY 

A. Section includes the following types of LED luminaires: 

1. Cylinder 

2. Downlight 

3. High Bay, linear 

4. Linear industrial 

5. Low Bay 

6. Parking garage 

7. Recessed linear 

8. Strip light 

9. Surface mount, linear 

10. Surface mount, nonlinear 

11. Suspended, linear 

12. Suspended, nonlinear 

13. Materials 
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14. Finishes 

15. Luminaire support 

B. Related Requirements 

1. Section 26 09 23 "Lighting Control Devices" for automatic control of lighting, 

including time switches, photoelectric relays, occupancy sensors, and 

multipole lighting relays and contactors. 

2. Section 26 09 33 "Central Dimming Controls" or Section 26 09 36 "Modular 

Dimming Controls" for architectural dimming systems and for fluorescent 

dimming controls with dimming ballasts specified in interior lighting 

Sections. 

1.3 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color Rendering Index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. LED: Light-emitting diode. 

F. Lumen: Measured output of lamp and luminaire, or both. 

G. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Arrange in order of luminaire designation. 

2. Include data on features, accessories, and finishes. 

3. Include physical description and dimensions of luminaires. 

4. Include emergency lighting units, including batteries and chargers. 

5. Include life, output (lumens, CCT, and CRI), and energy efficiency data. 

6. Photometric data and adjustment factors based on laboratory 

tests, complying with IES Lighting Measurements Testing and Calculation 

Guides, of each luminaire type. The adjustment factors shall be for lamps 

and accessories identical to those indicated for the luminaire as applied in 

this Project. 
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a. Manufacturers' Certified Data: Photometric data certified by 

manufacturer's laboratory with a current accreditation under the 

National Voluntary Laboratory Accreditation Program for Energy 

Efficient Lighting Products. 

B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 

2. Include details of luminaire assemblies. Indicate dimensions, weights, 

loads, required clearances, method of field assembly, components, and 

location and size of each field connection. 

3. Include diagrams for power, signal, and control wiring. 

C. Product Schedule: For luminaires and lamps. Use same designations indicated 

on Drawings. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to 

scale, on which the following items are shown and coordinated with each other, 

using input from installers of the items involved: 

1. Luminaires. 

2. Suspended ceiling components. 

3. Partitions and millwork that penetrate the ceiling or extend to within 

12 inches of the plane of the luminaires. 

4. Structural members to which equipment and luminaires will be attached. 

5. Initial access modules for acoustical tile, including size and locations. 

6. Items penetrating finished ceiling, including the following: 

a. Other luminaires. 

b. Air outlets and inlets. 

c. Speakers. 

d. Sprinklers. 

e. Access panels. 

f. Ceiling-mounted projectors. 

7. Moldings. 

B. Detailed description of equipment anchorage devices on which the certification is 

based and their installation requirements. 

C. Product Test Reports: For each luminaire, for tests performed by manufacturer 

and witnessed by a qualified testing agency. 
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1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and lighting systems to include 

in operation and maintenance manuals. 

1. Provide a list of all lamp types used on Project; use ANSI and 

manufacturers' codes. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with 

protective covering for storage and identified with labels describing contents. 

1. Lamps: Ten for every 100 of each type and rating installed. Furnish at least 

one of each type. 

2. Diffusers and Lenses: One for every 100 of each type and rating installed. 

Furnish at least one of each type. 

3. Globes and Guards: One for every 20 of each type and rating installed. 

Furnish at least one of each type. 

1.8 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire 

manufacturer's laboratory that is accredited under the NVLAP for Energy Efficient 

Lighting Products. 

B. Provide luminaires from a single manufacturer for each luminaire type. 

C. Each luminaire type shall be binned within a three-step MacAdam Ellipse to 

ensure color consistency among luminaires. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary 

protective covering before shipping. 

1.10 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of 

luminaires that fail in materials or workmanship within specified warranty period. 

B. Warranty Period: Five year(s) from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following manufacturers 

are acceptable: 

1. Lighting fixtures:  See Lighting Fixture Schedule on Drawings. Provide 

manufacturer listed or equal. 

2. Lamps 

a. Osram/Sylvania 

b. General Electric 

c. Philips 

d. Venture 

3. Emergency transfer devices:  Bodine. 

4. High bay fixture lowering device. 

a. North Star Lighting 

b. Joslyn 

5. Poles:  Fixture manufacturer's standard. 

B. Submit request for substitution in accordance with Section 01 25 13 “Product 

Substitutions”. 

2.2 GENERAL REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined 

in NFPA 70, by a qualified testing agency, and marked for intended location and 

application. 

B. Standards 

1. ENERGY STAR certified. 

2. DesignLights Consortium (DLC) certified. 

3. UL Listing: Listed for damp location. 

4. Recessed luminaires shall comply with NEMA LE 4. 

5. User Replaceable Lamps: 

a. Bulb shape complying with ANSI C78.79. 

b. Lamp base complying with ANSI C81.61 or IEC 60061-1. 

C. CRI of minimum 80. CCT of 4100 K. 

D. Rated lamp life of 50,000 hours to L70. 
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E. Lamps dimmable from 100 percent to 0 percent of maximum light output. 

F. Internal driver 

G. Nominal Operating Voltage: 120 V ac or 277 V ac. 

1. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 

H. Housings 

1. Extruded-aluminum housing and heat sink. 

2. Clear anodized finish. 

I. When intended for use in wet areas, mark fixtures "Suitable for wet locations." 

J. When intended for use in damp areas, mark fixtures "Suitable for damp locations" 

or "Suitable for wet locations." 

2.3 CYLINDER 

A. Minimum 3000 lumens. Minimum allowable efficacy of 80 lumens per watt. 

B. With integral mounting provisions. 

2.4 DOWNLIGHT 

A. Minimum 2,000 lumens. Minimum allowable efficacy of 80 lumens per watt. 

B. Universal mounting bracket. 

C. Integral junction box with conduit fittings. 

D. Optics: 

1. Fixed lens. 

2. Medium light distribution. 

2.5 LINEAR INDUSTRIAL 

A. Minimum 5,000 lumens. Minimum allowable efficacy of 80 lumens per watt. 

B. Housing and heat sink rated to the following: 

1. IP 54. 

2. IP 66. 

3. Marine and wet locations. 

4. CSA C22.2 No 137. 
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2.6 RECESSED LINEAR 

A. Minimum 4,000 lumens. Minimum allowable efficacy of 85 lumens per watt. 

B. Integral junction box with conduit fittings. 

2.7 STRIP LIGHT 

A. Minimum 4,000 lumens. Minimum allowable efficacy of 80 lumens per watt. 

B. Integral junction box with conduit fittings. 

2.8 SURFACE MOUNT, LINEAR 

A. Minimum 4,000 lumens. Minimum allowable efficacy of 80 lumens per watt. 

B. Integral junction box with conduit fittings. 

2.9 SURFACE MOUNT, NONLINEAR 

A. Minimum 2,000 lumens. Minimum allowable efficacy of 80 lumens per watt. 

B. Integral junction box with conduit fittings. 

2.10 SUSPENDED, LINEAR 

A. Minimum 3,000 lumens. Minimum allowable efficacy of 85 lumens per watt. 

2.11 SUSPENDED, NONLINEAR 

A. Minimum 3,000 lumens. Minimum allowable efficacy of 85 lumens per watt. 

B. Integral junction box with conduit fittings. 

2.12 MATERIALS 

A. Metal Parts: 

1. Free of burrs and sharp corners and edges. 

2. Sheet metal components shall be steel unless otherwise indicated. 

3. Form and support to prevent warping and sagging. 

B. Doors, Frames, and Other Internal Access: Smooth operating, free of light 

leakage under operating conditions, and designed to permit relamping without 

use of tools. Designed to prevent doors, frames, lenses, diffusers, and other 



 WHCRWA 

LED INTERIOR LIGHTING CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION 
LED INTERIOR LIGHTING 

26 51 19 - 8 OF 12 

components from falling accidentally during relamping and when secured in 

operating position. 

C. Diffusers and Globes: 

1. clear, UV-stabilized acrylic 

2. Acrylic Diffusers: One hundred percent virgin acrylic plastic, with high 

resistance to yellowing and other changes due to aging, exposure to heat, 

and UV radiation. 

3. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 

D. Housings: 

1. Extruded-aluminum housing and heat sink. 

2. Clear anodized finish. 

E. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. 

Locate labels where they will be readily visible to service personnel, but not seen 

from normal viewing angles when lamps are in place. 

1. Label shall include the following lamp characteristics: 

a. "USE ONLY" and include specific lamp type. 

b. Lamp diameter, shape, size, wattage, and coating. 

c. CCT and CRI for all luminaires. 

2.13 METAL FINISHES 

A. Variations in finishes are unacceptable in the same piece. Variations in finishes 

of adjoining components are acceptable if they are within the range of approved 

Samples and if they can be and are assembled or installed to minimize contrast. 

2.14 LUMINAIRE SUPPORT 

A. Comply with requirements in Section 26 05 29 "Hangers and Supports for 

Electrical Systems" for channel and angle iron supports and nonmetallic channel 

and angle supports. 

B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling 

canopy. Finish same as luminaire. 

C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gauge. 

D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod. 
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E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and 

equipment with threaded attachment, cord, and locking-type plug. 

2.15 HIGH BAY FIXTURE LOWERING DEVICE 

A. Manually operated system with exposed cable portable winch system. 

B. Manually operated system with enclosed cable portable lowering tool. 

C. Lowering device's equipment shall be rated for the weight of the fixture plus a 

safety factor. 

D. Electrical Contact Unit: 

1. The locking supports shall be integral to the unit and shall relieve the tension 

from the lowering cable. 

2. The electrical contacts shall be self-aligning and self-cleaning. 

a. The number of contacts shall match the design voltage plus a ground. 

E. Provide all necessary cable pulleys, cables assemblies, portable lowering tool, 

adjustable angle flange for sloped ceiling. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance 

with requirements for installation tolerances and other conditions affecting 

performance of the Work. 

B. Examine roughing-in for luminaire to verify actual locations of luminaire and 

electrical connections before luminaire installation. Proceed with installation only 

after unsatisfactory conditions have been corrected. 

3.2 TEMPORARY LIGHTING 

A. If approved by the Architect, use selected permanent luminaires for temporary 

lighting. When construction is sufficiently complete, clean luminaires used for 

temporary lighting and install new lamps. 

3.3 INSTALLATION 

A. Comply with NECA 1. 
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B. Install luminaires level, plumb, and square with ceilings and walls unless 

otherwise indicated. 

C. Install lamps in each luminaire. 

D. Supports: 

1. Sized and rated for luminaire weight. 

2. Able to maintain luminaire position after cleaning and relamping. 

3. Provide support for luminaire without causing deflection of ceiling or wall. 

4. Luminaire mounting devices shall be capable of supporting a horizontal 

force of 100 percent of luminaire weight and vertical force of 400 percent of 

luminaire weight. 

E. Flush-Mounted Luminaire Support: 

1. Secured to outlet box. 

2. Attached to ceiling structural members at four points equally spaced around 

circumference of luminaire. 

3. Trim ring flush with finished surface. 

F. Wall-Mounted Luminaire Support: 

1. Attached to structural members in walls. 

2. Do not attach luminaires directly to gypsum board. 

G. Ceiling-Mounted Luminaire Support: 

1. Ceiling mount with two diameter aircraft cable supports adjustable to 120 

inches in length. 

2. Ceiling mount with four-point pendant mount with 5/32-inch diameter aircraft 

cable supports adjustable to 120 inches in length. 

3. Ceiling mount with hook mount. 

H. Suspended Luminaire Support: 

1. Pendants and Rods: Where longer than 48 inches, brace to limit swinging. 

2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. 

Support with approved outlet box and accessories that hold stem and 

provide damping of luminaire oscillations. Support outlet box vertically to 

building structure using approved devices. 

3. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point 

and wire support for suspension for each unit length of luminaire chassis, 

including one at each end. 
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4. Do not use ceiling grid as support for pendant luminaires. Connect support 

wires or rods to building structure. 

I. Ceiling-Grid-Mounted Luminaires: 

1. Secure to any required outlet box. 

2. Secure luminaire to the luminaire opening using approved fasteners in a 

minimum of four locations, spaced near corners of luminaire. 

J. Comply with requirements in Section 26 05 19 "Wire and Cable 600 volts and 

below" for wiring connections. 

3.4 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with 

requirements for identification specified in Section 10 14 00 “Identification 

Devices”. 

3.5 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Operational Test: After installing luminaires, switches, and accessories, and 

after electrical circuitry has been energized, test units to confirm proper 

operation. 

2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper 

operation. Verify transfer from normal power to battery power and retransfer 

to normal. 

B. Luminaire will be considered defective if it does not pass operation tests and 

inspections. 

C. Prepare test and inspection reports. 

 
 

END OF SECTION 
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SECTION 26 52 19

EMERGENCY AND EXIT LIGHTING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and

Supplementary Conditions and Division 01 Sections, apply to this Section.

B. Related Sections include but are not necessarily limited to:

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of the

Contract

2. Division 01 – General Requirements

3. Section 10 14 00 – Identification Devices

4. Section 26 05 29 – Hangers and Supports for Electrical Systems

1.2 SUMMARY

A. Section Includes

1. Emergency lighting units

2. Exit signs

3. Luminaire supports

1.3 DEFINITIONS

A. CCT: Correlated color temperature.

B. CRI: Color Rendering Index.

C. Emergency Lighting Unit: A lighting unit with internal or external emergency

battery powered supply and the means for controlling and charging the battery

and unit operation.

D. Fixture: See "Luminaire" Paragraph.

E. Lumen: Measured output of lamp and luminaire, or both.

F. Luminaire: Complete lighting unit, including lamp, reflector, and housing.
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1.4 ACTION SUBMITTALS

A. Product Data: For each type of emergency lighting unit, exit sign, and emergency

lighting support.

1. Include data on features, accessories, and finishes.

2. Include physical description of the unit and dimensions.

3. Battery and charger for light units.

4. Include life, output of luminaire (lumens, CCT, and CRI), and energy-

efficiency data.

5. Include photometric data and adjustment factors based on laboratory tests,

complying with IES LM-45, for each luminaire type.

a. Manufacturers' Certified Data: Photometric data certified by

manufacturer's laboratory with a current accreditation under the

National Voluntary Laboratory Accreditation Program for Energy

Efficient Lighting Products.

B. Shop Drawings: For nonstandard or custom luminaires.

1. Include plans, elevations, sections, and mounting and attachment details.

2. Include details of equipment assemblies. Indicate dimensions, weights,

loads, required clearances, method of field assembly, components, and

location and size of each field connection.

3. Include diagrams for power, signal, and control wiring.

C. Product Schedule:

1. For emergency lighting units. Use same designations indicated on

Drawings.

2. For exit signs. Use same designations indicated on Drawings.

1.5 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to

scale, on which the following items are shown and coordinated with each other,

using input from installers of the items involved:

1. Luminaires.

2. Suspended ceiling components.

3. Partitions and millwork that penetrate the ceiling or extend to within

12 inches of the plane of the luminaires.

4. Structural members to which equipment will be attached.

5. Size and location of initial access modules for acoustical tile.
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6. Items penetrating finished ceiling including the following:

a. Other luminaires.

b. Air outlets and inlets.

c. Speakers.

d. Ceiling-mounted projectors.

e. Sprinklers.

f. Access panels.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For luminaires and lighting systems to include

in emergency, operation, and maintenance manuals.

1. Provide a list of all lamp types used on Project; use ANSI and

manufacturers' codes.

1.7 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged with

protective covering for storage and identified with labels describing contents.

1. Lamps: 10 for every 100 of each type and rating installed. Furnish at least

one of each type.

2. Luminaire-mounted, emergency battery pack: One for every 20 emergency

lighting units. Furnish at least one of each type.

3. Diffusers and Lenses: One for every 100 of each type and rating installed.

Furnish at least one of each type.

4. Globes and Guards: One for every 20 of each type and rating installed.

Furnish at least one of each type.

1.8 QUALITY ASSURANCE

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire

manufacturer's laboratory that is accredited under the National Volunteer

Laboratory Accreditation Program for Energy Efficient Lighting Products.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Protect finishes of exposed surfaces by applying a strippable, temporary

protective covering before shipping.
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1.10 WARRANTY

A. Warranty: Manufacturer and Installer agree to repair or replace components of

luminaires that fail in materials or workmanship within specified warranty period.

1. Warranty Period: Two year(s) from date of Substantial Completion.

2. Warranty Period for Emergency Power Unit Batteries: Five years from date

of Substantial Completion. Full warranty shall apply for the entire warranty

period.

3. Warranty Period for Self-Powered Exit Sign Batteries: Five years from date

of Substantial Completion. Full warranty shall apply for the entire warranty

period.

PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS FOR EMERGENCY LIGHTING

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined

in NFPA 70, by a qualified testing agency, and marked for intended location and

application.

B. NRTL Compliance: Fabricate and label emergency lighting units, exit signs, and

batteries to comply with UL 924.

C. Comply with NFPA 70 and NFPA 101.

D. Comply with NEMA LE 4 for recessed luminaires.

E. Comply with UL 1598 for fluorescent luminaires.

F. Lamp Base: Comply with ANSI C81.61 or IEC 60061-1.

G. Bulb Shape: Complying with ANSI C79.1.

H. Internal Type Emergency Power Unit: Self-contained, modular, battery-inverter

unit, factory mounted within luminaire body and compatible with ballast.

1. Emergency Connection: Operate one> lamp(s) continuously at an output of

1100 lumens each upon loss of normal power. Connect unswitched circuit

to battery-inverter unit and switched circuit to luminaire ballast.

2. Operation: Relay automatically turns lamp on when power-supply circuit

voltage drops to 80 percent of nominal voltage or below. Lamp automatically

disconnects from battery when voltage approaches deep-discharge level.
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When normal voltage is restored, relay disconnects lamps from battery, and

battery is automatically recharged and floated on charger.

3. Environmental Limitations: Rate equipment for continuous operation under

the following conditions unless otherwise indicated:

a. Ambient Temperature: Less than 0ºF or exceeding 104ºF, with an

average value exceeding 95ºF over a 24-hour period.

b. Ambient Storage Temperature: Not less than minus 4ºF and not

exceeding 140ºF.

c. Humidity: More than 95 percent (condensing).

d. Altitude: Exceeding 3300 feet.

4. Nightlight Connection: Operate lamp continuously at 40 percent of rated

light output.

5. Test Push-Button and Indicator Light: Visible and accessible without

opening luminaire or entering ceiling space.

a. Push Button: Push-to-test type, in unit housing, simulates loss of

normal power and demonstrates unit operability.

b. Indicator Light: LED indicates normal power on. Normal glow indicates

trickle charge; bright glow indicates charging at end of discharge cycle.

6. Battery: Sealed, maintenance-free, nickel-cadmium type in exterior

locations and lead-acid] type in interior locations.

7. Charger: Fully automatic, solid-state, constant-current type with sealed

power transfer relay.

8. Remote Test: Switch in handheld remote device aimed in direction of tested

unit initiates coded infrared signal. Signal reception by factory-installed

infrared receiver in tested unit triggers simulation of loss of its normal power

supply, providing visual confirmation of either proper or failed emergency

response.

9. Integral Self-Test: Factory-installed electronic device automatically initiates

code-required test of unit emergency operation at required intervals. Test

failure is annunciated by an integral audible alarm and a flashing red LED.

2.2 EMERGENCY LIGHTING

A. General Requirements for Emergency Lighting Units: Self-contained units.

B. Emergency Luminaires:

1. Emergency Luminaires: as indicated on Interior Luminaire Schedule, with

the following additional features:

a. Operating at nominal voltage of 277 V ac.
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b. Internal emergency power unit.

c. Rated for installation in damp locations, and for sealed and gasketed

luminaires in wet locations.

d. UL 94 V-2 flame rating.

2.3 EXIT SIGNS

A. General Requirements for Exit Signs: Comply with UL 924; for sign colors,

visibility, luminance, and lettering size, comply with authorities having jurisdiction.

B. Internally Lighted Signs:

1. Operating at nominal voltage of 277 V ac.

2. Lamps for AC Operation: LEDs; 50,000 hours minimum rated lamp life.

3. Self-Powered Exit Signs (Battery Type): Internal emergency power unit.

2.4 MATERIALS

A. Metal Parts:

1. Free of burrs and sharp corners and edges.

2. Sheet metal components shall be steel unless otherwise indicated.

3. Form and support to prevent warping and sagging.

B. Doors, Frames, and Other Internal Access:

1. Smooth operating, free of light leakage under operating conditions.

2. Designed to permit relamping without use of tools.

3. Designed to prevent doors, frames, lenses, diffusers, and other

components from falling accidentally during relamping and when secured in

operating position.

C. Diffusers and Globes:

1. Clear, UV-stabilized acrylic.

2. Acrylic: 100 percent virgin acrylic plastic, with high resistance to yellowing

and other changes due to aging, exposure to heat, and UV radiation.

3. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated.

D. Housings:

1. Extruded aluminum housing and heat sink.

2. Clear anodized finish.

E. Conduit: Electrical metallic tubing, minimum 3/4 inch in diameter.
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2.5 METAL FINISHES

A. Appearance of Finished Work: Noticeable variations in same piece are not

acceptable. Variations in appearance of adjoining components are acceptable if

they are within the range of approved Samples and are assembled or installed to

minimize contrast.

2.6 LUMINAIRE SUPPORT COMPONENTS

A. Comply with requirements in Section 26 05 29 "Hangers and Supports for

Electrical Systems" for channel and angle iron supports and nonmetallic channel

and angle supports.

B. Support Wires: ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 12

gauge.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance

with requirements for conditions affecting performance of luminaires.

B. Examine roughing-in for luminaire to verify actual locations of luminaire and

electrical connections before luminaire installation.

C. Examine walls, floors, roofs, and ceilings for suitable conditions where

emergency lighting luminaires will be installed.

D. Proceed with installation only after unsatisfactory conditions have been

corrected.

3.2 INSTALLATION

A. Comply with NECA 1.

B. Install luminaires level, plumb, and square with ceilings and walls unless

otherwise indicated.

C. Install lamps in each luminaire.

D. Supports:

1. Sized and rated for luminaire and emergency power unit weight.
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2. Able to maintain luminaire position when testing emergency power unit.

3. Provide support for luminaire and emergency power unit without causing

deflection of ceiling or wall.

4. Luminaire-mounting devices shall be capable of supporting a horizontal

force of 100 percent of luminaire and emergency power unit weight and

vertical force of 400 percent of luminaire weight.

E. Wall-Mounted Luminaire Support:

1. Attached to structural members in walls.

2. Do not attach luminaires directly to gypsum board.

F. Suspended Luminaire Support:

1. Pendants and Rods: Where longer than 48 inches, brace to limit swinging.

2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers.

Support with approved outlet box and accessories that hold stem and

provide damping of luminaire oscillations. Support outlet box vertically to

building structure using approved devices.

3. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point

and wire support for suspension for each unit length of luminaire chassis,

including one at each end.

4. Do not use ceiling grid as support for pendant luminaires. Connect support

wires or rods to building structure.

G. Ceiling Grid Mounted Luminaires:

1. Secure to any required outlet box.

2. Secure emergency power unit using approved fasteners in a minimum of

four locations, spaced near corners of emergency power unit.

3.3 IDENTIFICATION

A. Identify system components, wiring, cabling, and terminals. Comply with

requirements for identification specified in Section 10 14 00 “Identification

Devices”.

3.4 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. Test for Emergency Lighting: Interrupt power supply to demonstrate proper

operation. Verify transfer from normal power to battery power and retransfer

to normal.
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B. Luminaire will be considered defective if it does not pass operation tests and

inspections.

C. Prepare test and inspection reports.

3.5 STARTUP SERVICE

A. Perform startup service:

1. Charge emergency power units and batteries minimum of one hour and

depress switch to conduct short-duration test.

2. Charge emergency power units and batteries minimum of 24 hours and

conduct one-hour discharge test.

END OF SECTION
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SECTION 26 56 19 

EXTERIOR LED LIGHTING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 

Supplementary Conditions and Division 01 Sections, apply to this Section. 

B. Related Sections include but are not necessarily limited to: 

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of the 

Contract 

2. Division 01 – General Requirements 

3. Section 03 31 30 – Concrete, Materials and Proportioning  

4. Section 10 14 00 – Identification Devices  

5. Section 26 05 29 – Hangers and Supports for Electrical Systems  

6. Section 26 05 19 – Wire and Cable 600 volts and below  

7. Section 26 05 33 – Raceways and Boxes 

1.2 SUMMARY 

A. Section Includes: 

1. Exterior solid-state luminaires that are designed for and exclusively use 

LED lamp technology. 

2. Luminaire supports. 

3. Luminaire-mounted photoelectric relays. 

1.3 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color rendering index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. Lumen: Measured output of lamp and luminaire, or both. 
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F. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of luminaire. 

1. Arrange in order of luminaire designation. 

2. Include data on features, accessories, and finishes. 

3. Include physical description and dimensions of luminaire. 

4. Lamps: include life, output (lumens, CCT, and CRI), and energy-efficiency 

data. 

5. Photometric data and adjustment factors based on laboratory tests, 

complying with IES Lighting Measurements Testing and Calculation 

Guides, of each luminaire type. The adjustment factors shall be for lamps 

and accessories identical to those indicated for the luminaire as applied in 

this Project IES LM-79. 

a. Manufacturer's Certified Data: Photometric data certified by 

manufacturer's laboratory with a current accreditation under the 

NVLAP for Energy Efficient Lighting Products. 

6. Wiring diagrams for power, control, and signal wiring. 

7. Photoelectric relays. 

8. Means of attaching luminaires to supports and indication that the 

attachment is suitable for components involved. 

B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 

2. Include details of luminaire assemblies. Indicate dimensions, weights, 

loads, required clearances, method of field assembly, components, and 

location and size of each field connection. 

3. Include diagrams for power, signal, and control wiring. 

C. Samples: For each luminaire and for each color and texture indicated with 

factory-applied finish. 

D. Product Schedule: For luminaires and lamps. Use same designations indicated 

on Drawings. 

E. Delegated-Design Submittal: For luminaire supports. 

1. Submit lighting system drawings showing luminaire configuration, control 

zones, and detection range of specified control devices. Ensure lighting 

system drawings include photometric calculations showing lighting levels in 
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foot candles for all areas indicated. Ensure lighting calculations and 

photometric plans are created using industry standard light modeling 

software. Hand calculations will not be accepted. 

2. Provide lighting control system of the centralized and addressable type that 

includes programmable devices. Control devices are of the digital 

low-voltage or wireless types and are used to create control zones which 

can be changed without affecting the wiring of the devices. Control zones 

are used to turn lights on and off or to provide light dimming capabilities 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans, drawn to scale, on which the following items are 

shown and coordinated with each other, using input from installers of the items 

involved: 

1. Luminaires. 

2. Structural members to which equipment and luminaires will be attached. 

3. Underground utilities and structures. 

4. Existing underground utilities and structures. 

5. Above-grade utilities and structures. 

6. Existing above-grade utilities and structures. 

7. Building features. 

8. Vertical and horizontal information. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires to include in operation and 

maintenance manuals. 

1. Provide a list of all lamp types used on Project. Use ANSI and 

manufacturers' codes. 

2. Provide a list of all photoelectric relay types used on Project; use 

manufacturers' codes. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with 

protective covering for storage and identified with labels describing contents. 

1. Lamps: Ten for every 100 of each type and rating installed. Furnish at least 

one of each type. 
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2. Glass, Acrylic, and Plastic Lenses, Covers, and Other Optical Parts: One 

for every 100 of each type and rating installed. Furnish at least one of each 

type. 

3. Diffusers and Lenses: One for every 100 of each type and rating installed. 

Furnish at least one of each type. 

4. Globes and Guards: One for every 20 of each type and rating installed. 

Furnish at least one of each type. 

1.8 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire 

manufacturers' laboratory that is accredited under the NVLAP for Energy Efficient 

Lighting Products. 

B. Provide luminaires from a single manufacturer for each luminaire type. 

C. Each luminaire type shall be binned within a three-step MacAdam Ellipse to 

ensure color consistency among luminaires. 

D. Installer Qualifications: An authorized representative who is trained and approved 

by manufacturer. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary 

protective covering prior to shipping. 

1.10 FIELD CONDITIONS 

A. Verify existing and proposed utility structures prior to the start of work associated 

with luminaire installation. 

B. Mark locations of exterior luminaires for approval by Architect prior to the start of 

luminaire installation. 

1.11 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of 

luminaires that fail in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Structural failures, including luminaire support components. 

b. Faulty operation of luminaires and accessories. 
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c. Deterioration of metals, metal finishes, and other materials beyond 

normal weathering. 

2. Warranty Period: 2 year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 LUMINAIRE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined 

in NFPA 70, by a qualified testing agency, and marked for intended location and 

application. 

B. NRTL Compliance: Luminaires shall be listed and labeled for indicated class and 

division of hazard by an NRTL. 

C. UL Compliance: Comply with UL 1598 and listed for wet location. 

D. Lamp base complying with ANSI C81.61 or IEC 60061-1. 

E. Bulb shape complying with ANSI C79.1. 

F. CRI of minimum 80. CCT of 4100 K. 

G. L70 lamp life of 50,000 hours. 

H. Lamps dimmable from 100 percent to 0 percent of maximum light output. 

I. Internal driver. 

J. Nominal Operating Voltage: 277 V ac. 

K. Lamp Rating: Lamp marked for outdoor use. 

L. Source Limitations: Obtain luminaires from single source from a single 

manufacturer. 

M. Source Limitations: For luminaires, obtain each color, grade, finish, type, and 

variety of luminaire from single source with resources to provide products of 

consistent quality in appearance and physical properties. 

2.2 LUMINAIRE TYPES 

A. Area and Site: 
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1. Luminaire Shape: As indicated in fixture schedule. 

2. Mounting: Pole or Building with stainless-steel round arm, length as 

indicated in fixture schedule. 

3. Distribution: Refer to fixture schedule. 

4. Diffusers and Globes: As indicated in fixture schedule 

5. Housings: 

a. Extruded-aluminum housing and heat sink. 

b. Clear anodized finish. 

B. Bollard: 

1. Shape: Round. 

2. Height Above Finished Grade: As indicated in fixture schedule. 

3. Overall Height: As indicated in fixture schedule. 

4. Diameter: As indicated in fixture schedule. 

5. Mounting: 3 point cast aluminum base. 

6. Distribution: As indicated in fixture schedule. 

7. Diffusers and Globes: Clear, UV-stabilized acrylic. 

8. Housings: 

a. Extruded-aluminum housing and heat sink. 

b. Clear anodized finish. 

C. Canopy: 

1. Shape: Round. 

2. Dimensions: As indicated in fixture schedule. 

3. Diffusers and Globes: Clear, UV-stabilized acrylic. 

4. Housings: 

a. Extruded-aluminum housing and heat sink. 

b. Clear anodized finish. 

D. Decorative Post Top: 

1. Luminaire-Mounting Height As indicated in fixture schedule. 

2. Mounting Type: As indicated in fixture schedule. 

3. Distribution: As indicated in fixture schedule. 

4. Diffusers and Globes: Clear, UV-stabilized acrylic. 

5. Housings: 

a. Extruded-aluminum housing and heat sink. 

b. Clear anodized finish. 
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2.3 MATERIALS 

A. Metal Parts: Free of burrs and sharp corners and edges. 

B. Sheet Metal Components: Stainless steel. Form and support to prevent warping 

and sagging. 

C. Doors, Frames, and Other Internal Access: Smooth operating, free of light 

leakage under operating conditions, and designed to permit relamping without 

use of tools. Designed to prevent doors, frames, lenses, diffusers, and other 

components from falling accidentally during relamping and when secured in 

operating position. Doors shall be removable for cleaning or replacing lenses. 

D. Diffusers and Globes: 

1. Acrylic Diffusers: 100 percent virgin acrylic plastic, with high resistance to 

yellowing and other changes due to aging, exposure to heat, and UV 

radiation. 

2. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 

E. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to 

seal and cushion lenses and refractors in luminaire doors. 

F. Reflecting surfaces shall have minimum reflectance as follows unless otherwise 

indicated: 

1. White Surfaces: 85 percent. 

2. Specular Surfaces: 83 percent. 

3. Diffusing Specular Surfaces: 75 percent. 

G. Housings: 

1. Rigidly formed, weather- and light-tight enclosure that will not warp, sag, or 

deform in use. 

2. Provide filter/breather for enclosed luminaires. 

H. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. 

Labels shall be located where they will be readily visible to service personnel, but 

not seen from normal viewing angles when lamps are in place. 

1. Label shall include the following lamp characteristics: 

a. "USE ONLY" and include specific lamp type. 

b. Lamp diameter, shape, size, wattage and coating. 

c. CCT and CRI for all luminaires. 
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2.4 FINISHES 

A. Variations in Finishes: Noticeable variations in same piece are unacceptable. 

Variations in appearance of adjoining components are acceptable if they are 

within the range of approved Samples and are assembled or installed to minimize 

contrast. 

B. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled 

and -tested luminaire before shipping. Where indicated, match finish process and 

color of pole or support materials. 

C. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal 

Finishes Manual for Architectural and Metal Products" for recommendations for 

applying and designating finishes. 

1. Finish designations prefixed by AA comply with the system established by 

the Aluminum Association for designating aluminum finishes. 

2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-

M32); buff complying with AA-M20 requirements; and seal aluminum 

surfaces with clear, hard-coat wax. 

3. Class I, Clear-Anodic Finish: AA-M32C22A41 (Mechanical Finish: Medium 

satin; Chemical Finish: Etched, medium matte; Anodic Coating: 

Architectural Class I, clear coating 0.018 mm or thicker complying with 

AAMA 611. 

a. Color: Refer to architect. 

D. Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal 

Finishes Manual for Architectural and Metal Products" for recommendations for 

applying and designating finishes. 

1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, to remove 

dirt, oil, grease, and other contaminants that could impair paint bond. Grind 

welds and polish surfaces to a smooth, even finish. Remove mill scale and 

rust, if present, from uncoated steel, complying with SSPC-

SP 5/NACE No. 1 or SSPC-SP 8. 

2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more 

coats of primer and two finish coats of high-gloss, high-build polyurethane 

enamel. 

a. Color: As selected by Architect from manufacturer's full range. 
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2.5 LUMINAIRE SUPPORT COMPONENTS 

A. Comply with requirements in Section 26 05 29 "Hangers and Supports for 

Electrical Systems" for channel and angle iron supports and nonmetallic channel 

and angle supports. 

2.6 POLES 

A. As scheduled or noted on the Drawings. 

B. Galvanized steel or Aluminum Poles: 

1. Designed for 130 mph constant velocity wind at the base with a 1.3 wind 

gust factor. 

2. Additional features:  handhole, grounding lug, galvanized anchor bolts, 

anchor bolt covers. 

3. Aluminum pole finish:  Brushed aluminum. 

4. Steel pole finish:  dark bronze polyester powered. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance 

with requirements for installation tolerances and other conditions affecting 

performance of the Work. 

B. Examine roughing-in for luminaire electrical conduit to verify actual locations of 

conduit connections before luminaire installation. 

C. Examine walls, roofs, and canopy ceilings for suitable conditions where 

luminaires will be installed. 

D. Proceed with installation only after unsatisfactory conditions have been 

corrected. 

3.2 TEMPORARY LIGHTING 

A. If approved by the Architect, use selected permanent luminaires for temporary 

lighting. When construction is substantially complete, clean luminaires used for 

temporary lighting and install new lamps. 
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3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Comply with NECA 1. 

B. Install lamps in each luminaire. 

C. Fasten luminaire to structural support. 

D. Supports: 

1. Sized and rated for luminaire weight. 

2. Able to maintain luminaire position after cleaning and relamping. 

3. Support luminaires without causing deflection of finished surface. 

4. Luminaire-mounting devices shall be capable of supporting a horizontal 

force of 100 percent of luminaire weight and a vertical force of 400 percent 

of luminaire weight. 

E. Wall-Mounted Luminaire Support: 

1. Attached to structural members in walls. 

F. Wiring Method: Install cables in raceways. Conceal raceways and cables. 

G. Install luminaires at height and aiming angle as indicated on Drawings. 

H. Coordinate layout and installation of luminaires with other construction. 

I. Adjust luminaires that require field adjustment or aiming.  

J. Comply with requirements in Section 26 05 19 "Wire and Cable 600 volts and 

below" and Section 26 05 33 "Raceways and Boxes" for wiring connections and 

wiring methods. 

3.4 BOLLARD LUMINAIRE INSTALLATION: 

A. Align units for optimum directional alignment of light distribution. 

1. Install on concrete base with top 4 inches above finished grade or surface 

at luminaire location. Cast conduit into base, and shape base to match 

shape of bollard base. Finish by troweling and rubbing smooth. Concrete 

materials, installation, and finishing are specified in Section 03 31 30 

“Concrete, Materials and Proportioning”. 
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3.5 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES 

A. Aim as indicated on Drawings. 

B. Install on concrete base with top 4 inches above finished grade or surface at 

luminaire location. Cast conduit into base, and finish by troweling and rubbing 

smooth. Concrete materials, installation, and finishing are specified in Section 

03 31 30 “Concrete, Materials and Proportioning”. 

3.6 POLE INSTALLATION 

A. Drawings indicate the intended location of light pole. 

1. Field conditions may affect actual location. 

2. Coordinate location with all existing or new utilities and pavement. 

B. Steel and Aluminum Poles 

1. Mounted on cast-in-place foundations, as detailed on the Drawings. 

a. Concrete and reinforcing steel, in accordance with Division 03. 

2. Protect pole finish during installation. 

a. Repair damage to pole finish with manufacturer approved repair kit. 

C. Ground poles as indicated on the Drawings. 

D. Conductors 

1. See Section 26 05 19 “Wire and Cable: 600 Volts and Below” for required 

underground conductors. 

2. Use interior building wire, as specified in Section 26 05 19, from pole base 

to fixture, #12 AWG minimum. 

E. Overcurrent and Short Circuit Protection 

1. Protect each phase with a UL Class CC fuse 

a. Size:  Three (3) times load current. 

b. Standard:  UL 248-4. 

2. Fuseholder 

a. Watertight, in-line and break-a-way style. 

b. Accept up to a 30 A, 600 V fuse. 

c. Neutral conductor shall utilize a fuseholder with a solid copper rod. 

d. Conductor terminal:  Adequate size for the installed conductors. 
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3.7 CORROSION PREVENTION 

A. Aluminum: Do not use in contact with earth or concrete. When in direct contact 

with a dissimilar metal, protect aluminum by insulating fittings or treatment. 

B. Steel Conduits: Comply with Section 26 05 33 "Raceways and Boxes”.  In 

concrete foundations, wrap conduit with 0.010-inch- thick, pipe-wrapping plastic 

tape applied with a 50 percent overlap. 

3.8 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with 

requirements for identification specified in Section 10 14 00 “Identification 

Devices”. 

3.9 FIELD QUALITY CONTROL 

A. Inspect each installed luminaire for damage. Replace damaged luminaires and 

components. 

B. Perform the following tests and inspections: 

1. Operational Test: After installing luminaires, switches, and accessories, and 

after electrical circuitry has been energized, test units to confirm proper 

operation. 

2. Verify operation of photoelectric controls. 

a. IES LM-72. 

3. Operational Test: After installing luminaires, switches, and accessories, and 

after electrical circuitry has been energized, test units to confirm proper 

operation. 

C. Luminaire will be considered defective if it does not pass tests and inspections. 

D. Prepare a written report of tests, inspections, observations, and verifications 

indicating and interpreting results. If adjustments are made to lighting system, 

retest to demonstrate compliance with standards. 

3.10 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain 

luminaires. 
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3.11 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months of date of 

Substantial Completion, provide on-site assistance in adjusting the direction of 

aim of luminaires to suit occupied conditions. Make up to two visits to Project 

during other-than-normal hours for this purpose. Some of this work may be 

required during hours of darkness. 

1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires 

that are defective. 

2. Parts and supplies shall be manufacturer's authorized replacement parts 

and supplies. 

3. Adjust the aim of luminaires in the presence of the Architect. 

 

END OF SECTION 
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SECTION 27 05 26 

GROUNDING AND BONDING FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Grounding conductors. 

2. Grounding connectors. 

3. Grounding busbars. 

4. Grounding rods. 

5. Grounding labeling. 

1.2 DEFINITIONS 

A. BCT:  Bonding conductor for telecommunications. 

B. EMT:  Electrical metallic tubing. 

C. TGB:  Telecommunications grounding busbar. 

D. TMGB:  Telecommunications main grounding busbar. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For installation supervisor, and field inspector. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications:  Cabling Installer must have personnel certified by 
BICSI on staff. 

1. Installation Supervision:  Installation shall be under the direct supervision 
of ITS Technician, who shall be present at all times when Work of this 
Section is performed at Project site. 

2. Field Inspector:  Currently registered by BICSI as ITS Installer 2 to 
perform the on-site inspection. 
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PART 2 - PRODUCTS 

2.1 SYSTEM COMPONENTS 

A. Comply with J-STD-607-A. 

2.2 CONDUCTORS 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

1. Harger Lightning and Grounding. 

2. Panduit Corp. 

3. Tyco Electronics Corp. 

B. Comply with UL 486A-486B. 

C. Insulated Conductors:  Stranded copper wire, green or green with yellow 
stripe insulation, insulated for 600 V, and complying with UL 83. 

1. Ground wire for custom-length equipment ground jumpers shall be 
No. 6 AWG, 19-strand, UL-listed, Type THHN wire. 

2. Cable Tray Equipment Grounding Wire:  No. 6 AWG. 

D. Bare Copper Conductors: 

1. Solid Conductors:  ASTM B 3. 

2. Stranded Conductors:  ASTM B 8. 

3. Tinned Conductors:  ASTM B 33. 

4. Bonding Cable:  28 kcmils (14.2 sq. mm), 14 strands of No. 17 AWG 
conductor, and 1/4 inch (6.3 mm) in diameter. 

5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor. 

6. Bonding Jumper:  Tinned-copper tape, braided conductors terminated with 
two-hole copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 
mm) thick. 

2.3 CONNECTORS 

A. Irreversible connectors listed for the purpose.  Listed by an NRTL as 
complying with NFPA 70 for specific types, sizes, and combinations of 
conductors and other items connected.  Comply with UL 486A-486B. 

B. Compression Wire Connectors:  Crimp-and-compress connectors that bond 
to the conductor when the connector is compressed around the conductor.  
Comply with UL 467. 

1. Electroplated tinned copper, C and H shaped. 

http://www.specagent.com/LookUp/?ulid=7609&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853853&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853854&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853855&mf=04&src=wd
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C. Busbar Connectors:  Cast silicon bronze, solderless compression or 
exothermic-type, mechanical connector; with a long barrel and two holes 
spaced on 5/8- or 1-inch (15.8- or 25.4-mm) centers for a two-bolt connection 
to the busbar. 

D. Welded Connectors:  Exothermic-welding kits of types recommended by kit 
manufacturer for materials being joined and installation conditions. 

2.4 GROUNDING BUSBARS 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

1. Chatsworth Products, Inc. 

2. Harger Lightning and Grounding. 

3. Panduit Corp. 

B. TMGB:  Predrilled, wall-mounted, rectangular bars of hard-drawn solid 
copper, 1/4 by 4 inches (6.3 by 100 mm) in cross section, and 24 inches in 
length.  The busbar shall be NRTL listed for use as TMGB and shall comply 
with J-STD-607-A. 

1. Predrilling shall be with holes for use with lugs specified in this Section. 

2. Mounting Hardware:  Stand-off brackets that provide a 4-inch (100-mm) 
clearance to access the rear of the busbar.  Brackets and bolts shall be 
stainless steel. 

3. Stand-off insulators for mounting shall be Lexan or PVC.  Comply with 
UL 891 for use in 600-V switchboards, impulse tested at 5000 V. 

C. Rack and Cabinet Grounding Busbars:  Rectangular bars of hard-drawn solid 
copper, accepting conductors ranging from No. 14 to No. 2/0 AWG, NRTL 
listed as complying with UL 467, and complying with J-STD-607-A.  Predrilling 
shall be with holes for use with lugs specified in this Section. 

1. Cabinet-Mounted Busbar:  Terminal block, with stainless-steel or copper-
plated hardware for attachment to the cabinet. 

2. Rack-Mounted Horizontal Busbar:  Designed for mounting in 19- or 23-
inch (483- or 584-mm) equipment racks.  Include a copper splice bar for 
transitioning to an adjoining rack, and stainless-steel or copper-plated 
hardware for attachment to the rack. 

3. Rack-Mounted Vertical Busbar:  72 or 36 inches (1827 or 914 mm long, 
with)stainless-steel or copper-plated hardware for attachment to the rack. 

http://www.specagent.com/LookUp/?uid=123456853861&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853862&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853863&mf=04&src=wd
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2.5 GROUND RODS 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

1. Harger Lightning and Grounding. 

2. Tyco Electronics Corp. 

B. Ground Rods:  Copper-clad steel; 3/4 inch by 10 feet (19 mm by 3 m) in 
diameter. 

2.6 LABELING 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

1. Brother International Corporation. 

2. HellermannTyton. 

3. Panduit Corp. 

B. Comply with TIA/EIA-606-A and UL 969 for a system of labeling materials, 
including label stocks, laminating adhesives, and inks used by label printers. 

C. Machine printed, in black, by thermal transfer or equivalent process.  
Minimum letter height shall be 3/8 inch (10 mm).  Overlay shall provide a 
weatherproof and UV-resistant seal for label. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine the ac grounding electrode system and equipment grounding for 
compliance with requirements for maximum ground-resistance level and other 
conditions affecting performance of grounding and bonding of the electrical 
system. 

B. Inspect the test results of the ac grounding system measured at the point of 
BCT connection. 

C. Prepare written report, endorsed by Installer, listing conditions detrimental to 
performance of the Work. 

D. Proceed with connection of the BCT only after unsatisfactory conditions have 
been corrected. 

3.2 INSTALLATION 

A. Bonding shall include the ac utility power service entrance, the 
communications cable entrance, and the grounding electrode system.  The 

http://www.specagent.com/LookUp/?ulid=7612&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853864&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853865&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=7613&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853866&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853867&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853868&mf=04&src=wd
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bonding of these elements shall form a loop so that each element is 
connected to at least two others. 

B. Comply with NECA 1. 

C. Comply with J-STD-607-A. 

3.3 APPLICATION 

A. Conductors:  Install solid conductor for No. 8 AWG and smaller and stranded 
conductors for No. 6 AWG and larger unless otherwise indicated. 

1. The bonding conductors between the TGB and structural steel of steel-
frame buildings shall not be smaller than No. 6 AWG. 

2. The bonding conductors between the TMGB and structural steel of steel-
frame buildings shall not be smaller than No. 6 AWG. 

B. Underground Grounding Conductors:  Install bare tinned-copper conductor, 
No. 2 AWG minimum. 

C. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations:  Bolted 
connectors. 

2. Underground Connections:  Welded connectors except at test wells and 
as otherwise indicated. 

3. Connections to Ground Rods at Test Wells:  Bolted connectors. 

4. Connections to Structural Steel:  Welded connectors. 

D. Conductor Support: 

1. Secure grounding and bonding conductors at intervals of not less than 36 
inches (900 mm.) 

E. Grounding and Bonding Conductors: 

1. Install in the straightest and shortest route between the origination and 
termination point, and no longer than required.  The bend radius shall not 
be smaller than eight times the diameter of the conductor.  No one bend 
may exceed 90 degrees. 

2. Install without splices. 

3. Support at not more than 36-inch (900-mm) intervals. 

4. Install grounding and bonding conductors in 3/4-inch (21-mm) PVC 
conduit until conduit enters a telecommunications room.  The grounding 
and bonding conductor pathway through a plenum shall be in EMT.  
Conductors shall not be installed in EMT unless otherwise indicated. 

a. If a grounding and bonding conductor is installed in ferrous metallic 
conduit, bond the conductor to the conduit using a grounding bushing 
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that complies with requirements in Section 27 05 28 "Pathways for 
Communications Systems," and bond both ends of the conduit to a 
TGB. 

3.4 GROUNDING ELECTRODE SYSTEM 

A. The BCT between the TMBG and the ac service equipment ground shall not 
be smaller than No. 3/0 AWG. 

3.5 GROUNDING BUSBARS 

A. Indicate locations of grounding busbars on Drawings.  Install busbars 
horizontally, on insulated spacers 2 inches (50 mm) minimum from wall, 12 
inches (300 mm) above finished floor unless otherwise indicated. 

B. Where indicated on both sides of doorways, route bus up to top of door 
frame, across top of doorway, and down; connect to horizontal bus. 

3.6 CONNECTIONS 

A. Bond metallic equipment in a telecommunications equipment room to the 
grounding busbar in that room, using equipment grounding conductors not 
smaller than No. 6 AWG. 

B. Stacking of conductors under a single bolt is not permitted when connecting 
to busbars. 

C. Assemble the wire connector to the conductor, complying with manufacturer's 
written instructions and as follows: 

1. Use crimping tool and the die specific to the connector. 

2. Pre-twist the conductor. 

3. Apply an antioxidant compound to all bolted and compression 
connections. 

D. Primary Protector:  Bond to the TMGB with insulated bonding conductor. 

E. Telecommunications Enclosures and Equipment Racks:  Bond metallic 
components of enclosures to the telecommunications bonding and grounding 
system.  Install vertically mounted rack grounding busbar unless the 
enclosure and rack are manufactured with the busbar.  Bond the equipment 
grounding busbar to the TGB No. 2 AWG bonding conductors. 

F. Structural Steel:  Where the structural steel of a steel frame building is readily 
accessible within the room or space, bond each TGB and TMGB to the 
vertical steel of the building frame. 

G. Electrical Power Panelboards: Where an electrical panelboard for 
telecommunications equipment is located in the same room or space, bond 
each TGB to the ground bar of the panelboard. 
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H. Shielded Cable:  Bond the shield of shielded cable to the TGB in 
communications rooms and spaces.  Comply with TIA/EIA-568-B.1 and 
TIA/EIA-568-B.2 when grounding screened, balanced, twisted-pair cables. 

I. Rack- and Cabinet-Mounted Equipment:  Bond powered equipment chassis 
to the cabinet or rack grounding bar.  Power connection shall comply with 
NFPA 70; the equipment grounding conductor in the power cord of cord- and 
plug-connected equipment shall be considered as a supplement to bonding 
requirements in this Section. 

J. Access Floors:  Bond all metal parts of access floors to the TGB. 

3.7 IDENTIFICATION 

A. Labels shall be preprinted or computer-printed type. 

1. Label TMGB(s) with "fs-TMGB," where "fs" is the telecommunications 
space identifier for the space containing the TMGB. 

2. Label the BCT and each telecommunications backbone conductor at its 
attachment point:  "WARNING! TELECOMMUNICATIONS BONDING 
CONDUCTOR.  DO NOT REMOVE OR DISCONNECT!" 

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Inspect physical and mechanical condition.  Verify tightness of accessible, 
bolted, electrical connections with a calibrated torque wrench according to 
manufacturer's written instructions. 

2. Test the bonding connections of the system using an ac earth ground-
resistance tester, taking two-point bonding measurements in each 
telecommunications equipment room containing a TMGB and a TGB and 
using the process recommended by BICSI TDMM.  Conduct tests with the 
facility in operation. 

a. Measure the resistance between the busbar and the nearest available 
grounding electrode.  The maximum acceptable value of this bonding 
resistance is 100 milliohms. 

3. Test for ground loop currents using a digital clamp-on ammeter, with a full-
scale of not more than 10 A, displaying current in increments of 0.01 A at 
an accuracy of plus/minus 2.0 percent. 

a. With the grounding infrastructure completed and the communications 
system electronics operating, measure the current in every conductor 
connected to the TMGB.  Maximum acceptable ac current level is 1 A. 
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C. Excessive Ground Resistance:  If resistance to ground at the BCT exceeds 5 
ohms, notify Architect promptly and include recommendations to reduce 
ground resistance. 

D. Grounding system will be considered defective if it does not pass tests and 
inspections. 

E. Prepare test and inspection reports. 

 

END OF SECTION 
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SECTION 27 05 28 

PATHWAYS FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits and fittings. 

2. Nonmetallic conduits and fittings. 

3. Optical-fiber-cable pathways and fittings. 

4. Metal wireways and auxiliary gutters. 

5. Nonmetallic wireways and auxiliary gutters. 

6. Metallic surface pathways. 

7. Nonmetallic surface pathways. 

8. Boxes, enclosures, and cabinets. 

9. Polymer-concrete handholes and boxes for exterior underground cabling. 

10. Fiberglass handholes and boxes for exterior underground cabling. 

1.3 DEFINITIONS 

A. ARC: Aluminum rigid conduit. 

B. GRC: Galvanized rigid conduit. 

C. IMC: Intermediate metal conduit. 

D. RTRC: Reinforced thermosetting resin conduit. 

1.4 ACTION SUBMITTALS 

A. Product data for the following: 

1. Surface pathways 

2. Wireways and fittings. 

3. Tele-power poles. 
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4. Boxes, enclosures, and cabinets. 

5. Underground handholes and boxes. 

B. Shop Drawings: For custom enclosures and cabinets and custom 
underground handholes and boxes. Include plans, elevations, sections, and 
attachment details. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Pathway routing plans, drawn to scale, on which the 
following items are shown and coordinated with each other, using input from 
installers of items involved: 

1. Structural members in paths of pathway groups with common supports. 

2. HVAC and plumbing items and architectural features in paths of conduit 
groups with common supports. 

3. Underground ducts, piping, and structures in location of underground 
enclosures and handholes. 

B. Source quality-control reports. 

PART 2 - PRODUCTS 

2.1 METAL CONDUITS AND FITTINGS 

A. Description: Metal raceway of circular cross section with manufacturer-
fabricated fittings. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

1. AFC Cable Systems 

2. Allied Tube & Conduit 

3. Alpha Wire 

4. Southwire Company 

5. Thomas & Betts Corporation 

6. Western Tube and Conduit 

7. Wheatland Tube Company 

C. General Requirements for Metal Conduits and Fittings: 

1. Listed and labeled as defined in NFPA 70, by a nationally recognized 
testing laboratory, and marked for intended location and application. 

2. Comply with TIA-569-D. 

D. GRC: Comply with ANSI C80.1 and UL 6. 
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E. ARC: Comply with ANSI C80.5 and UL 6A. 

F. IMC: Comply with ANSI C80.6 and UL 1242. 

G. PVC-Coated Steel Conduit: PVC-coated GRC. 

1. Comply with NEMA RN 1. 

2. Coating Thickness: 0.040 inch (1 mm), minimum. 

H. EMT: Comply with ANSI C80.3 and UL 797. 

I. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B. 

1. Fittings for EMT: 

a. Material: Steel. 

b. Type: Set screw or compression. 

2. Expansion Fittings: PVC or steel to match conduit type, complying with 
UL-467, rated for environmental conditions where installed, and including 
flexible external bonding jumper. 

3. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 
inch (1 mm), with overlapping sleeves protecting threaded joints. 

J. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by 
authorities having jurisdiction for use in conduit assemblies, and compounded 
for use to lubricate and protect threaded conduit joints from corrosion and to 
enhance their conductivity. 

2.2 NONMETALLIC CONDUITS AND FITTINGS 

A. Description: Nonmetallic raceway of circular section with manufacturer-
fabricated fittings. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

1. AFC Cable Systems 

2. Allied Tube & Conduit 

3. Thomas & Betts Corporation 

4. RACO; Hubbell 

5. Kraloy 

C. General Requirements for Nonmetallic Conduits and Fittings: 

1. Listed and labeled as defined in NFPA 70, by an NRTL, and marked for 
intended location and application. 

2. Comply with TIA-569-D. 
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D. RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless 
otherwise indicated. 

E. Rigid HDPE: Comply with UL 651A. 

F. RTRC: Comply with UL 2515A and NEMA TC 14. 

G. Fittings: Comply with NEMA TC 3; match to conduit or tubing type and 
material. 

2.3 OPTICAL-FIBER-CABLE PATHWAYS AND FITTINGS 

A. Description: Comply with UL 2024; flexible-type pathway with a circular cross 
section, approved for riser installation unless otherwise indicated. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

1. Alpha Wire 

2. Carlon 

3. Dura-Line 

C. Listed and labeled as defined in NFPA 70, by an NRTL, and marked for 
intended location and application. 

D. Comply with TIA-569-D. 

2.4 METAL WIREWAYS AND AUXILIARY GUTTERS 

A. Description: Sheet metal trough of rectangular cross section fabricated to 
required size and shape, without holes or knockouts, and with hinged or 
removable covers. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

1. B-Line 

2. Hoffman 

3. MonoSystems 

4. Square D 

C. General Requirements for Metal Wireways and Auxiliary Gutters: 

1. Comply with UL 870 and NEMA 250, Type 3R unless otherwise indicated, 
and sized according to NFPA 70. 

2. Metal wireways installed outdoors shall be listed and labeled as defined in 
NFPA 70, by an NRTL, and marked for intended location and application. 

3. Comply with TIA-569-D. 
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D. Fittings and Accessories: Include covers, couplings, offsets, elbows, 
expansion joints, adapters, hold-down straps, end caps, and other fittings to 
match and mate with wireways as required for complete system. 

E. Wireway Covers: Flanged-and-gasketed type unless otherwise indicated. 

F. Finish: Manufacturer's standard enamel finish. 

2.5 SURFACE METAL PATHWAYS 

A. Description: Galvanized steel with snap-on covers, complying with UL 5. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

1. MonoSystems, Inc. 

2. Niedax, Inc. 

3. Panduit Corp 

4. Wirmold/Legrand 

C. Finish: Manufacturer's standard enamel finish in color selected by Architect. 

D. Listed and labeled as defined in NFPA 70, by an NRTL, and marked for 
intended location and application. 

E. Comply with TIA-569-D. 

2.6 BOXES, ENCLOSURES, AND CABINETS 

A. Description: Enclosures for communications. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

1. Carlon 

2. Crouse-Hinds 

3. EGS/Appleton Electric 

4. FSR Inc. 

5. Hoffman 

C. General Requirements for Boxes, Enclosures, and Cabinets: 

1. Comply with TIA-569-D. 

2. Boxes, enclosures, and cabinets installed in wet locations shall be listed 
and labeled as defined in NFPA 70, by an NRTL, and marked for use in 
wet locations. 



PATHWAYS FOR WHCRWA 

COMMUNICATIONS SYSTEMS CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION 
PATHWAYS FOR COMMUNICATIONS SYSTEMS 

27 05 28 - 6 OF 16 

 

3. Box extensions used to accommodate new building finishes shall be of 
same material as recessed box. 

4. Device Box Dimensions: 4 inches by 2-1/8 inches by 2-1/8 inches deep 
(100 mm by 60 mm by 60 mm deep). 

5. Gangable boxes are prohibited. 

D. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and 
UL 514A. 

E. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, aluminum, 
Type FD, with gasketed cover. 

F. Metal Floor Boxes: 

1. Material: Cast metal. 

2. Type: Fully adjustable. 

3. Shape: Rectangular. 

4. Metal floor boxes shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

G. Nonmetallic Floor Boxes: Nonadjustable, rectangular. 

1. Nonmetallic floor boxes shall be listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and 
application. 

H. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

I. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and 
UL 1773, cast aluminum with gasketed cover. 

J. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and 
UL 514C. 

K. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 4, with 
continuous-hinge cover with flush latch unless otherwise indicated. 

1. Metal Enclosures: Steel, finished inside and out with manufacturer's 
standard enamel. 

2. Nonmetallic Enclosures: 

a. Material: Fiberglass. 

b. Finished inside with radio-frequency-resistant paint. 

3. Interior Panels: Steel; all sides finished with manufacturer's standard 
enamel. 

L. Cabinets: 
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1. NEMA 250, Type 3R galvanized-steel box with removable interior panel 
and removable front, finished inside and out with manufacturer's standard 
enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 

3. Key latch to match panelboards. 

4. Metal barriers to separate wiring of different systems and voltage. 

5. Accessory feet where required for freestanding equipment. 

6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and 
application. 

2.7 POLYMER-CONCRETE HANDHOLES 

A. Description: Molded of sand and aggregate; bound together with polymer 
resin; and reinforced with steel, fiberglass, or a combination of the two. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

1. Armorcast Products 

2. NewBasis 

3. Oldcastle Enclosure 

4. Quazite 

C. General Requirements for Polymer Concrete Handholes: 

1. Boxes and handholes for use in underground systems shall be listed and 
labeled as defined in NFPA 70, by an NRTL, and marked for intended 
location and application. 

2. Boxes installed in wet areas shall be listed and labeled as defined in 
NFPA 70, by an NRTL, and marked for intended location and application. 

3. Comply with TIA-569-D and SCTE 77. 

D. Configuration: Designed for flush burial with integral closed bottom unless 
otherwise indicated. 

E. Cover: Weatherproof, secured by tamper-resistant locking devices and having 
structural load rating consistent with enclosure and handhole location. 

1. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 
0.50. 

2. Cover Legend: Molded lettering, "COMMUNICATIONS". 
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F. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with 
entering ducts for secure, fixed installation in enclosure wall. 

G. Handholes 12 Inches Wide by 24 Inches Long (300 mm Wide by 600 mm 
Long) and Larger: Have inserts for cable racks and pulling-in irons installed 
before concrete is poured. 

2.8 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES 

A. Handhole and Pull-Box Prototype Test: Test prototypes of handholes and 
boxes for compliance with SCTE 77. Strength tests shall be for specified tier 
ratings of products supplied. 

1. Strength tests of complete boxes and covers shall be by either an 
independent testing agency or manufacturer. A qualified registered 
professional engineer shall certify tests by manufacturer. 

2. Testing machine pressure gages shall have current calibration certification 
complying with ISO 9000 and ISO 10012, and traceable to NIST 
standards. 

PART 3 - EXECUTION 

3.1 PATHWAY APPLICATION 

A. Outdoors: Apply pathway products as specified below unless otherwise 
indicated: 

1. Exposed Conduit: GRC. 

2. Concealed Conduit, Aboveground: GRC. 

3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried. 

4. Boxes and Enclosures, Aboveground: NEMA 250, Type 4. 

B. Indoors: Apply pathway products as specified below unless otherwise 
indicated: 

1. Exposed, Not Subject to Physical Damage: EMT. 

2. Exposed, Not Subject to Severe Physical Damage: EMT. 

3. Exposed and Subject to Severe Physical Damage: GRC. Pathway 
locations include the following: 

a. Loading dock. 

b. Corridors used for traffic of mechanized carts, forklifts, and pallet-
handling units. 

c. Mechanical rooms. 

4. Concealed in Ceilings and Interior Walls and Partitions: EMT. 

5. Damp or Wet Locations: GRC. 
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6. Pathways for Optical-Fiber or Communications Cable in Spaces Used for 
Environmental Air: Plenum-type, communications-cable pathway. 

7. Pathways for Concealed General-Purpose Distribution of Optical-Fiber or 
Communications Cable: General-use, optical-fiber-cable pathway. 

8. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, 
Type 4 stainless steel units in institutional and commercial kitchens and 
damp or wet locations. 

C. Minimum Pathway Size: 3/4-inch (21-mm) trade size for copper and 
aluminum cables, and 1 inch (25 mm) for optical-fiber cables. 

D. Pathway Fittings: Compatible with pathways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit 
fittings unless otherwise indicated. Comply with NEMA FB 2.10. 

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for 
use with this type of conduit. Patch and seal all joints, nicks, and scrapes 
in PVC coating after installing conduits and fittings. Use sealant 
recommended by fitting manufacturer and apply in thickness and number 
of coats recommended by manufacturer. 

3. EMT: Use set-screw or compression, steel fittings. Comply with 
NEMA FB 2.10. 

E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or 
earth. 

F. Install surface pathways only where indicated on Drawings. 

G. Do not install nonmetallic conduit where ambient temperature exceeds 120 
deg F (49 deg C). 

3.2 INSTALLATION 

A. Comply with the following standards for installation requirements except 
where requirements on Drawings or in this Section are stricter: 

1. NECA 1. 

2. NECA/BICSI 568. 

3. TIA-569-D. 

4. NECA 101 

5. NECA 102. 

6. NECA 105. 

B. Comply with NFPA 70 limitations for types of pathways allowed in specific 
occupancies and number of floors. 
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C. Comply with requirements in Section 07 84 00 "Firestopping" for firestopping 
materials and installation for penetrations through fire-rated walls, ceilings, 
and assemblies. 

D. Comply with requirements in Section 27 05 28.29 "Hangers and Supports for 
Communications Systems" for hangers and supports. 

E. Comply with requirements in Section 27 05 44 "Sleeves and Sleeve Seals for 
Communications Pathways and Cabling" for sleeves and sleeve seals for 
communications. 

F. Keep pathways at least 6 inches (150 mm) away from parallel runs of flues 
and steam or hot-water pipes. Install horizontal pathway runs above water 
and steam piping. 

G. Complete pathway installation before starting conductor installation. 

H. Arrange stub-ups so curved portions of bends are not visible above finished 
slab. 

I. Install no more than the equivalent of two 90-degree bends in any pathway 
run. Support within 12 inches (300 mm) of changes in direction. Utilize long 
radius ells for all optical-fiber cables. 

J. Conceal rigid conduit within finished walls, ceilings, and floors unless 
otherwise indicated. Install conduits parallel or perpendicular to building lines. 

K. Support conduit within 12 inches (300 mm) of enclosures to which attached. 

L. Pathways Embedded in Slabs: 

1. Run conduit larger than 1-inch (27-mm) trade size, parallel or at right 
angles to main reinforcement. Where at right angles to reinforcement, 
place conduit close to slab support. Secure pathways to reinforcement at 
maximum 10-foot (3-m) intervals. 

2. Arrange pathways to cross building expansion joints at right angles with 
expansion fittings. Comply with requirements for expansion joints specified 
in this article. 

3. Arrange pathways to keep a minimum of 1 inch (25 mm) of concrete cover 
in all directions. 

4. Do not embed threadless fittings in concrete unless specifically approved 
by Architect for each specific location. 

5. Change from nonmetallic conduit and fittings to GRC and fittings before 
rising above floor. 

M. Stub-ups to Above Recessed Ceilings: 

1. Use EMT, IMC, or RMC for pathways. 

2. Use a conduit bushing or insulated fitting to terminate stub-ups not 
terminated in hubs or in an enclosure. 
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N. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor 
Conditions: Apply listed compound to threads of pathway and fittings before 
making up joints. Follow compound manufacturer's written instructions. 

O. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing 
conductive compound prior to assembly. 

P. Terminate threaded conduits into threaded hubs or with locknuts on inside 
and outside of boxes or cabinets. Install insulated bushings on conduits 
terminated with locknuts. 

Q. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. 
Remove coatings in the locknut area prior to assembling conduit to enclosure, 
to assure a continuous ground path. 

R. Cut conduit perpendicular to the length. For conduits of 2-inch (50-mm) trade 
size and larger, use roll cutter or a guide to ensure cut is straight and 
perpendicular to the length. 

S. Install pull wires in empty pathways. Use polypropylene or monofilament 
plastic line with not less than 200-lb (90-kg) tensile strength. Leave at least 12 
inches (300 mm) of slack at each end of pull wire. Secure pull wire, so it 
cannot fall into conduit. Cap pathways designated as spare alongside 
pathways in use. 

T. Surface Pathways: 

1. Install surface pathway for surface telecommunications outlet boxes only 
where indicated on Drawings. 

2. Install surface pathway with a minimum 2-inch (50-mm) radius control at 
bend points. 

3. Secure surface pathway with screws or other anchor-type devices at 
intervals not exceeding 48 inches (1200 mm) and with no less than two 
supports per straight pathway section. Support surface pathway according 
to manufacturer's written instructions. Tape and glue are not acceptable 
support methods. 

U. Pathways for Optical-Fiber and Communications Cable: Install pathways, 
metal and nonmetallic, rigid and flexible, as follows: 

1. 3/4-Inch (21-mm) Trade Size and Smaller: Install pathways in maximum 
lengths of 50 feet (15 m). 

2. 1-Inch (25-mm) Trade Size and Larger: Install pathways in maximum 
lengths of 75 feet (23 m). 

3. Install with a maximum of two 90-degree bends or equivalent for each 
length of pathway unless Drawings show stricter requirements. Separate 
lengths with pull or junction boxes or terminations at distribution frames or 
cabinets where necessary to comply with these requirements. 
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V. Install pathway-sealing fittings at accessible locations according to NFPA 70 
and fill them with listed sealing compound. For concealed pathways, install 
each fitting in a flush steel box with a blank cover plate having a finish similar 
to that of adjacent plates or surfaces. Install pathway-sealing fittings 
according to NFPA 70. 

W. Install devices to seal pathway interiors at accessible locations. Locate seals, 
so no fittings or boxes are between the seal and the following changes of 
environments. Seal the interior of all pathways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of 
refrigerated spaces. 

2. Where an underground service pathway enters a building or structure. 

3. Where otherwise required by NFPA 70. 

X. Comply with manufacturer's written instructions for solvent welding PVC 
conduit and fittings. 

Y. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where 
environmental temperature change may exceed 30 deg F (17 deg C), and 
that has straight-run length that exceeds 25 feet (7.6 m). Install in each 
run of aboveground RMC and EMT that is located where environmental 
temperature change may exceed 100 deg F (55 deg C), and that has 
straight-run length that exceeds 100 feet (30 m). 

2. Install type and quantity of fittings that accommodate temperature change 
listed for each of the following locations: 

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F (70 
deg C) temperature change. 

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C) 
temperature change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation: 
125 deg F (70 deg C) temperature change. 

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 
inch per foot of length of straight run per deg F (0.06 mm per meter of 
length of straight run per deg C) of temperature change for PVC conduits. 
Install fitting(s) that provide expansion and contraction for at least 
0.000078 inch per foot of length of straight run per deg F (0.0115 mm per 
meter of length of straight run per deg C) of temperature change for metal 
conduits. 

4. Install expansion fittings at all locations where conduits cross building or 
structure expansion joints. 

5. Install each expansion-joint fitting with position, mounting, and piston 
setting selected according to manufacturer's written instructions for 
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conditions at specific location at time of installation. Install conduit 
supports to allow for expansion movement. 

Z. Mount boxes at heights indicated on Drawings. If mounting heights of boxes 
are not individually indicated, give priority to ADA requirements. Install boxes 
with height measured to center of box unless otherwise indicated. 

AA. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of 
cell of masonry block, and install box flush with surface of wall. Prepare block 
surface to provide a flat surface for a raintight connection between box and 
cover plate or supported equipment and box. 

BB. Horizontally separate boxes mounted on opposite sides of walls, so they 
are not in the same vertical channel. 

CC. Support boxes of three gangs or more from more than one side by 
spanning two framing members or mounting on brackets specifically designed 
for the purpose. 

DD. Fasten junction and pull boxes to or support from building structure. Do 
not support boxes by conduits. 

EE. Set metal floor boxes level and flush with finished floor surface. 

FF.Set nonmetallic floor boxes level. Trim after installation to fit flush with 
finished floor surface. 

3.3 INSTALLATION OF UNDERGROUND CONDUIT 

A. Direct-Buried Conduit: 

1. Excavate trench bottom to provide firm and uniform support for conduit. 
Prepare trench bottom as specified in Section 31 23 00 "Earthwork" for 
pipe of less than 6 inches (150 mm) in nominal diameter. 

2. Install backfill as specified in Section 31 23 00 "Earthwork." 

3. After installing conduit, backfill and compact. Start at tie-in point, and work 
toward end of conduit run, leaving conduit at end of run free to move with 
expansion and contraction as temperature changes during this process. 
Firmly hand tamp backfill around conduit to provide maximum supporting 
strength. After placing controlled backfill to within 12 inches (300 mm) of 
finished grade, make final conduit connection at end of run and complete 
backfilling with normal compaction as specified in Section 31 23 00 
"Earthwork." 

4. Install manufactured rigid steel conduit elbows for stub-ups at poles and 
equipment and at building entrances through floor. 

a. For stub-ups at equipment mounted on outdoor concrete bases and 
where conduits penetrate building foundations, extend steel conduit 
horizontally a minimum of 60 inches (1500 mm) from edge of 
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foundation or equipment base. Install insulated grounding bushings on 
terminations at equipment. 

5. Underground Warning Tape: Comply with requirements in 
Section 27 05 53 "Identification for Communications Systems." 

3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES 

A. Install handholes and boxes level and plumb and with orientation and depth 
coordinated with connecting conduits to minimize bends and deflections 
required for proper entrances. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or 
gravel, graded from 1/2-inch (12.5-mm) sieve to No. 4 (4.75-mm) sieve and 
compacted to same density as adjacent undisturbed earth. 

C. Elevation: In paved areas, set so cover surface will be flush with finished 
grade. Set covers of other enclosures 1 inch (25 mm) above finished grade. 

D. Install handholes with bottom below frost line. 

E. Install removable hardware, including pulling eyes, cable stanchions, cable 
arms, and insulators, as required for installation and support of cables and 
conductors and as indicated. Select arm lengths to be long enough to provide 
spare space for future cables, but short enough to preserve adequate working 
clearances in enclosure. 

F. Field cut openings for conduits according to enclosure manufacturer's written 
instructions. Cut wall of enclosure with a tool designed for material to be cut. 
Size holes for terminating fittings to be used, and seal around penetrations 
after fittings are installed. 

3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR COMMUNICATIONS 
PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall 
assemblies. Comply with requirements in Section 27 05 44 "Sleeves and 
Sleeve Seals for Communications Pathways and Cabling." 

3.6 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. 
Comply with requirements in Section 07 84 00 "Firestopping." 

3.7 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage or deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended 
by manufacturer. 

2. Repair damage to PVC coatings or paint finishes with matching touchup 
coating recommended by manufacturer. 
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SECTION 27 05 28.29

HANGERS AND SUPPORTS FOR COMMUNICATIONS SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to
this Section.

1.2 SUMMARY

A. Section Includes:

1. Steel slotted support systems for communication raceways.

2. Aluminum slotted support systems for communication raceways.

3. Nonmetallic slotted support systems for communication raceways.

4. Conduit and cable support devices.

5. Support for conductors in vertical conduit.

6. Structural steel for fabricated supports and restraints.

7. Mounting, anchoring, and attachment components, including powder-
actuated fasteners, mechanical expansion anchors, concrete inserts,
clamps, through bolts, toggle bolts, and hanger rods.

8. Fabricated metal equipment support assemblies.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual
components and profiles, and finishes for the following:

a. Slotted support systems, hardware, and accessories.

b. Clamps.

c. Hangers.

d. Sockets.

e. Eye nuts.

f. Fasteners.

g. Anchors.
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h. Saddles.

i. Brackets.

2. Include rated capacities and furnished specialties and accessories.

B. Shop Drawings: For fabrication and installation details for communications
hangers and support systems.

1. Trapeze hangers. Include product data for components.

2. Steel slotted-channel systems.

3. Aluminum slotted-channel systems.

4. Nonmetallic slotted-channel systems.

5. Equipment supports.

6. Vibration Isolation Base Details: Detail fabrication, including anchorages
and attachments to structure and to supported equipment. Include
adjustable motor bases, rails, and frames for equipment mounting.

C. Delegated-Design Submittal: For hangers and supports for communications
systems.

1. Include design calculations and details of trapeze hangers.

1.4 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to
scale, on which the following items are shown and coordinated with each
other, using input from installers of the items involved:

1. Suspended ceiling components.

2. Ductwork, piping, fittings, and supports.

3. Structural members to which hangers and supports will be attached.

4. Size and location of initial access modules for acoustical tile.

5. Items penetrating finished ceiling, including the following:

a. Luminaires.

b. Air outlets and inlets.

c. Speakers.

d. Sprinklers.

e. Access panels.

B. Welding certificates.

1.5 QUALITY ASSURANCE

A. Welding Qualifications: Qualify procedures and personnel according to
AWS D1.1/D1.1M.
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B. Welding Qualifications: Qualify procedures and personnel according to the
following:

1. AWS D1.1/D1.1M.

2. AWS D1.2/D1.2M.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Delegated Design: Engage a qualified professional engineer, as defined in
Section 01 43 00 "Contractor’s Quality Control," to design hanger and support
system.

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

A. Steel Slotted Support Systems: Preformed steel channels and angles with
minimum 13/32-inch- (10-mm-) diameter holes at a maximum of 8 inches
(200 mm) o.c. in at least one surface.

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

a. Allied Tube & Conduit

b. B-Line

c. ERICO

d. Thomas & Betts Corporation

2. Standard: Comply with MFMA-4 factory-fabricated components for field
assembly.

3. Material for Channel, Fittings, and Accessories: Stainless Steel, Type 316.

4. Channel Width: 1-5/8 inches (41.25 mm).

5. Metallic Coatings: Hot-dip galvanized after fabrication and applied
according to MFMA-4.

6. Channel Dimensions: Selected for applicable load criteria.

B. Aluminum Slotted Support Systems: Extruded aluminum channels and angles
with minimum 13/32-inch- (10-mm-) diameter holes at a maximum of 8 inches
(200 mm) o.c. in at least one surface.

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

a. Cooper Industries, Inc.
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b. Thomas & Betts Corporation

2. Standard: Comply with MFMA-4 factory-fabricated components for field
assembly.

3. Channel Material: 6063-T6 aluminum alloy.

4. Fittings and Accessories Material: 5052-H32 aluminum alloy.

5. Channel Width: Selected for applicable load criteria.

6. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or
polyester coating applied according to MFMA-4.

7. Channel Dimensions: Selected for applicable load criteria.

C. Conduit and Cable Support Devices: Stainless-steel clamps, hangers, and
associated fittings, designed for types and sizes of raceway or cable to be
supported.

D. Support for Conductors in Vertical Conduit: Factory-fabricated assembly
consisting of threaded body and insulating wedging plug or plugs for
nonarmored communications conductors or cables in riser conduits. Plugs
shall have number, size, and shape of conductor gripping pieces as required
to suit individual conductors or cables supported. Body shall be made of
malleable iron.

E. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M
steel plates, shapes, and bars; black and galvanized.

F. Mounting, Anchoring, and Attachment Components: Items for fastening
electrical items or their supports to building surfaces include the following:

1. Mechanical-Expansion Anchors: Insert-wedge-type zinc-coated steel for
use in hardened portland cement concrete, with tension, shear, and
pullout capacities appropriate for supported loads and building materials
where used.

2. Concrete Inserts: Steel or malleable-iron, slotted support system units are
similar to MSS Type 18 units and comply with MFMA-4 or MSS SP-58.

3. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are
suitable for attached structural element.

4. Through Bolts: Structural type, hex head, and high strength. Comply with
ASTM A 325.

5. Toggle Bolts: Stainless-steel springhead type.

6. Hanger Rods: Threaded steel.

2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

A. Description: Welded or bolted structural-steel shapes, shop or field fabricated
to fit dimensions of supported equipment.
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B. Materials: Comply with requirements in Section 05 50 00 "Metal Fabrications"
for steel shapes and plates.

PART 3 - EXECUTION

3.1 APPLICATION

A. Comply with the following standards for application and installation
requirements of hangers and supports, except where requirements on
Drawings or in this Section are stricter:

1. NECA 1.

2. NECA/BICSI 568.

3. TIA-569-D.

4. NECA 101

5. NECA 102.

6. NECA 105.

B. Comply with requirements in Section 07 84 00 " Firestopping" for firestopping
materials and installation for penetrations through fire-rated walls, ceilings,
and assemblies.

C. Comply with requirements for pathways specified in Section 27 05 28
"Pathways for Communications Systems."

D. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:
Space supports for EMTs, IMCs, and RMCs as required by NFPA 70.
Minimum rod size shall be 1/4 inch (6 mm) in diameter.

E. Multiple Raceways or Cables: Install trapeze-type supports fabricated with
steel slotted support system, sized so capacity can be increased by at least
25 percent in future without exceeding specified design load limits.

1. Secure raceways and cables to these supports with single-bolt conduit
clamps.

F. Spring-steel clamps designed for supporting single conduits without bolts may
be used for 1-1/2-inch (38-mm) and smaller raceways serving branch circuits
and communication systems above suspended ceilings and for fastening
raceways to trapeze supports.

3.2 SUPPORT INSTALLATION

A. Raceway Support Methods: In addition to methods described in NECA 1,
EMT and RMC may be supported by openings through structure members,
according to NFPA 70.
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B. Strength of Support Assemblies: Where not indicated, select sizes of
components, so strength will be adequate to carry present and future static
loads within specified loading limits. Minimum static design load used for
strength determination shall be weight of supported components plus 200 lb
(90 kg).

C. Mounting and Anchorage of Surface-Mounted Equipment and Components:
Anchor and fasten communications items and their supports to building
structural elements by the following methods unless otherwise indicated by
code:

1. To Wood: Fasten with lag screws or through bolts.

2. To New Concrete: Bolt to concrete inserts.

3. To Masonry: Use approved toggle-type bolts on hollow masonry units and
expansion anchor fasteners on solid masonry units.

4. To Existing Concrete: Use expansion anchor fasteners.

5. To Steel: Welded threaded studs complying with AWS D1.1/D1.1M, with
lock washers and nuts.

6. To Light Steel: Sheet metal screws.

7. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:
Mount cabinets, panelboards, disconnect switches, control enclosures,
pull and junction boxes, transformers, and other devices on slotted-
channel racks attached to substrate.

D. Drill holes for expansion anchors in concrete at locations and to depths that
avoid the need for reinforcing bars.

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS

A. Comply with installation requirements in Section 05 50 00 "Metal
Fabrications" for site-fabricated metal supports.

B. Cut, fit, and place miscellaneous metal supports accurately in location,
alignment, and elevation to support and anchor communications materials
and equipment.

C. Field Welding: Comply with AWS D1.1/D1.1M.

3.4 PAINTING

A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed
areas immediately after erecting hangers and supports. Use same materials
as used for shop painting. Comply with SSPC-PA 1 requirements for touching
up field-painted surfaces.

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0
mils (0.05 mm).
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B. Touchup: Comply with requirements in Section 09 91 10 "Architectural
Painting" for cleaning and touchup painting of field welds, bolted connections,
and abraded areas of shop paint on miscellaneous metal.

C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas,
and apply galvanizing-repair paint to comply with ASTM A 780.

END OF SECTION
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SECTION 27 05 36

CABLE TRAYS FOR COMMUNICATIONS SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Ladder cable trays.

B. Related Requirements:

1. Section 26 05 36 "Cable Trays for Electrical Systems" for cable trays and
accessories serving electrical systems.

1.2 ACTION SUBMITTALS

A. Product Data:  For each type of product.

B. Shop Drawings:  For each type of cable tray.

1.3 INFORMATIONAL SUBMITTALS

A. Field quality-control reports.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Delegated Design:  Engage a qualified professional engineer, as defined in
Section 01 43 00 "Contractor’s Quality Control," to design cable tray supports.

2.2 GENERAL REQUIREMENTS FOR CABLE TRAYS

A. Cable Trays and Accessories:  Identified as defined in NFPA 70 and marked
for intended location, application, and grounding.

B. Sizes and Configurations:  See the Cable Tray Schedule on Drawings for
specific requirements for types, materials, sizes, and configurations.

C. Structural Performance:  See articles on individual cable tray types for
specific values for uniform load distribution, concentrated load, and load and
safety factor parameters.

2.3 LADDER CABLE TRAYS

A. Description:
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1. Configuration:  Two I-beam side rails with transverse rungs welded to side
rails.

2. Rung Spacing:  9 inches (225 mm) o.c.

3. Radius-Fitting Rung Spacing:  9 inches (225 mm) at center of tray's width.

4. Minimum Cable-Bearing Surface for Rungs:  7/8-inch (22-mm) width with
radius edges.

5. No portion of the rungs shall protrude below the bottom plane of side rails.

6. Structural Performance of Each Rung:  Capable of supporting a maximum
cable load, with a safety factor of 1.5, plus a200-lb (90-kg) concentrated
load, when tested according to NEMA VE 1.

7. Minimum Usable Load Depth:  4 inches (100 mm).

8. Straight Section Lengths:  10 feet (3 m) except where shorter lengths are
required to facilitate tray assembly.

9. Width:  12 inches (300 mm) unless otherwise indicated on Drawings.

10. Fitting Minimum Radius: 12 inches (300 mm).

11. Class Designation:  Comply with NEMA VE 1, Class 12B.

12. Splicing Assemblies:  Bolted type using serrated flange locknuts.

13. Hardware and Fasteners:  ASTM F 593 and ASTM F 594 stainless steel,
Type 316.

14. Splice Plate Capacity:  Splices located within support span shall not
diminish rated loading capacity of cable tray.

2.4 MATERIALS AND FINISHES

A. Steel:

1. Straight Section and Fitting Side Rails and Rungs:  Steel complies with the
minimum mechanical properties of ASTM A 1011/A 1011M, SS, Grade 33.

2. Steel Tray Splice Plates:  ASTM A 1011/A 1011M, HSLAS, Grade 50,
Class 1.

3. Fasteners:  Steel complies with the minimum mechanical properties of
ASTM A 510/A 510M, Grade 1008.

4. Finish:  Hot-dip galvanized after fabrication.

a. Hardware:  Stainless steel, Type 316, ASTM F 593 and ASTM F 59.

2.5 CABLE TRAY ACCESSORIES

A. Fittings:  Tees, crosses, risers, elbows, and other fittings as indicated, of
same materials and finishes as cable tray.

B. Barrier Strips:  Same materials and finishes as for cable tray.
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C. Cable tray supports and connectors, including bonding jumpers, as
recommended by cable tray manufacturer.

2.6 WARNING SIGNS

A. Lettering:  1-1/2-inch- (40-mm-) high, black letters on yellow background with
legend "Warning!  Not To Be Used as Walkway, Ladder, or Support for
Ladders or Personnel."

B. Comply with requirements for fasteners in Section 10 14 00 "Identification
Devices".

2.7 SOURCE QUALITY CONTROL

A. Testing:  Test and inspect cable trays according to NEMA VE 1.

PART 3 - EXECUTION

3.1 CABLE TRAY INSTALLATION

A. Install cable trays according to NEMA VE 2.

B. Install cable trays as a complete system, including fasteners, hold-down clips,
support systems, barrier strips, adjustable horizontal and vertical splice
plates, elbows, reducers, tees, crosses, cable dropouts, adapters, covers,
and bonding.

C. Fasten cable tray supports to building structure.

D. Design fasteners and supports to carry cable tray, the cables, and a
concentrated load of 200 lb (90 kg).  Comply with requirements in
Section 26 05 29 "Hangers and Supports for Electrical Systems."

E. Install center-hung supports for single-rail trays designed for 60 versus 40
percent eccentric loading condition, with a safety factor of 3.

F. Make connections to equipment with flanged fittings fastened to cable trays
and to equipment.  Support cable trays independent of fittings.  Do not carry
weight of cable trays on equipment enclosure.

G. Install expansion connectors where cable trays cross building expansion
joints and in cable tray runs that exceed dimensions recommended in
NEMA VE 2.  Space connectors and set gaps according to applicable
standard.

H. Seal penetrations through fire and smoke barriers.  Comply with requirements
in Section 07 84 00 "Firestopping."

I. Install capped metal sleeves for future cables through firestop-sealed cable
tray penetrations of fire and smoke barriers.
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J. Install barriers to separate cables of different systems, such as power,
communications, and data processing; or of different insulation levels, such
as 600 V.

K. Install warning signs in visible locations on or near cable trays after cable tray
installation.

3.2 CABLE TRAY GROUNDING

A. Ground cable trays according to NFPA 70 unless additional grounding is
specified.  Comply with requirements in Section 26 05 26 "Grounding."

B. Cable trays with communications cable shall be bonded together with splice
plates listed for grounding purposes or with listed bonding jumpers.

C. Cable trays with control conductors shall be bonded together with splice
plates listed for grounding purposes or with listed bonding jumpers.

D. Bond cable trays to power source for cables contained within with bonding
conductors sized according to NFPA 70, Article 250.122, "Size of Equipment
Grounding Conductors."

3.3 CABLE INSTALLATION

A. Install cables only when each cable tray run has been completed and
inspected.

B. Fasten cables on horizontal runs with cable clamps or cable ties according to
NEMA VE 2.  Tighten clamps only enough to secure the cable, without
indenting the cable jacket.

C. Fasten cables on vertical runs to cable trays every 18 inches (450 mm).

D. Fasten and support cables that pass from one cable tray to another or drop
from cable trays to equipment enclosures.  Fasten cables to the cable tray at
the point of exit and support cables independent of the enclosure.  The cable
length between cable trays or between cable tray and enclosure shall be no
more than 72 inches (1800 mm).

E. Tie MI cables down every 36 inches (900 mm) where required to provide a 2-
hour fire rating and every 72 inches (1800 mm) elsewhere.

F. In existing construction, remove inactive or dead cables from cable trays.

3.4 CONNECTIONS

A. Connect raceways to cable trays according to requirements in NEMA VE 2
and NEMA FG 1.

3.5 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:



WHCRWA CABLE TRAYS FOR

CENTRAL PUMP STATION COMMUNICATIONS SYSTEMS

WHCRWA CENTRAL PUMP STATION
CABLE TRAYS FOR COMMUNICATIONS SYSTEMS

27 05 36 - 5 OF 6

1. After installing cable trays and after electrical circuitry has been energized,
survey for compliance with requirements.

2. Visually inspect cable insulation for damage.  Correct sharp corners,
protuberances in cable trays, vibrations, and thermal expansion and
contraction conditions, which may cause or have caused damage.

3. Verify that the number, size, and voltage of cables in cable trays do not
exceed that permitted by NFPA 70.  Verify that communications or data-
processing circuits are separated from power circuits by barriers or are
installed in separate cable trays.

4. Verify that there are no intruding items such as pipes, hangers, or other
equipment in the cable tray.

5. Remove dust deposits, industrial process materials, trash of any
description, and any blockage of tray ventilation.

6. Visually inspect each cable tray joint and each ground connection for
mechanical continuity.  Check bolted connections between sections for
corrosion.  Clean and retorque in suspect areas.

7. Check for missing, incorrect, or damaged bolts, bolt heads, or nuts.  When
found, replace with specified hardware.

8. Perform visual and mechanical checks for adequacy of cable tray
grounding; verify that all takeoff raceways are bonded to cable trays.  Test
entire cable tray system for continuity.  Maximum allowable resistance is
1 ohm.

B. Prepare test and inspection reports.

3.6 PROTECTION

A. Protect installed cable trays and cables.

END OF SECTION
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SECTION 27 05 43 

UNDERGROUND PATHWAYS AND STRUCTURES FOR COMMUNICATION 
SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduit and fittings, including GRC and PVC-coated GRC. 

2. Rigid nonmetallic duct. 

3. Duct accessories, including rigid innerduct and fabric innerduct. 

4. Precast concrete handholes. 

5. Polymer concrete handholes and boxes with polymer concrete cover. 

6. Fiberglass handholes and boxes with polymer concrete cover. 

7. Fiberglass handholes and boxes. 

8. High density plastic boxes. 

9. Precast manholes. 

10. Cast-in-place manholes. 

11. Utility structure accessories. 

1.3 DEFENITIONS 

A. Direct-Buried: Duct or a duct bank that is buried in the ground, without any 
additional casing materials, such as concrete. 

B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as 
component of a duct bank. 

C. Duct Bank: 

1. Two or more ducts installed in parallel, with or without additional casing 
materials. 

2. Multiple duct banks. 

D. GRC: Galvanized rigid conduit. 



UNDERGROUND PATHWAYS AND STRUCTURES WHCRWA 

FOR COMMUNICATIONS SYSTEMS CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION 
UNDERGROUND PATHWAYS AND STRUCTURES FOR COMMUNICATIONS SYSTEMS 

27 05 43 - 2 OF 18 

 

E. IMC: Intermediate metal conduit. 

F. RNC: Rigid nonmetallic conduit. 

G. Trafficways: Locations where vehicular or pedestrian traffic is a normal course 
of events. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include duct-bank materials, including spacers and miscellaneous 
components. 

2. Include duct and conduits and their accessories, including elbows, end 
bells, bends, fittings, duct spacers and solvent cement. 

3. Include accessories for manholes, handholes, and boxes, and other utility 
structures. 

4. Include underground-line warning tape. 

B. Shop Drawings: 

1. Precast or Factory-Fabricated Underground Utility Structures: 

a. Include plans, elevations, sections, details, attachments to other 
work, and accessories. 

b. Include duct entry provisions, including location and duct size. 

c. Include reinforcement details. 

d. Include frame and cover design and manhole chimneys. 

e. Include ladder details. 

f. Include grounding details. 

g. Include dimensioned locations of cable rack inserts, pulling-in and 
lifting irons, and sumps. 

h. Include joint details. 

2. Factory-Fabricated Handholes and Boxes Other Than Precast Concrete: 

a. Include dimensioned plans, sections, and elevations, and fabrication 
and installation details. 

b. Include duct entry provisions, including location and duct size. 

c. Include cover design. 

d. Include grounding details. 

e. Include dimensioned locations of cable rack inserts, and pulling-in 
and lifting irons. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Duct and Duct-Bank Coordination Drawings: Show duct profiles and 
coordination with other utilities and underground structures. 

1. Include plans and sections, drawn to scale, and show bends and locations 
of expansion fittings. 

2. Drawings shall be signed and sealed by a qualified professional engineer. 

B. Qualification Data: For professional engineer and testing agency responsible 
for testing nonconcrete handholes and boxes. 

C. Source quality-control reports. 

D. Field quality-control reports. 

1.6 MAINTENANCE MATERIALS SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged 
with protective covering for storage and identified with labels describing 
contents. 

B. Furnish cable-support stanchions, arms, and associated fasteners in 
quantities equal to 5 percent of quantity of each item installed. 

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Qualified according to ASTM E329 for testing 
indicated. 

1.8 FIELD CONDITIONS 

A. Interruption of Existing Communications Service: Do not interrupt 
communications service to facilities occupied by Owner or others unless 
permitted under the following conditions, and then only after arranging to 
provide temporary communications service according to requirements 
indicated: 

1. Notify Owner no fewer than two weeks in advance of proposed 
interruption of communications service. 

2. Do not proceed with interruption of communications service without 
[Owner's written permission. 

B. Ground Water: Assume ground-water level is at grade level unless a lower 
water table is noted on Drawings. 
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PART 2 - PRODUCTS 

2.1 METAL CONDUITS AND FITTINGS 

A. GRC: Comply with ANSI C80.1 and UL 6. 

B. PVC-Coated Steel Conduit: PVC-coated GRC. 

1. Comply with NEMA RN 1. 

2. Coating Thickness: 0.040 inch (1 mm), minimum. 

C. Manufacturers:  Equivalent to: 

1. AFC Cable Systems 

2. Allied Tube & Conduit 

3. FSR Inc. 

4. Southwire Company 

D. General Requirements for Metal Conduits and Fittings: 

1. Listed and labeled as defined in NFPA 70, by a nationally recognized 
testing laboratory, and marked for intended location and application. 

2. Comply with TIA-569-C and TIA-758-C. 

2.2 RIGID NONMETALLIC DUCTS 

A. Underground Plastic Utilities Duct: Type EPC-80-PVC and Type EPC-40-PVC 
RNC, complying with NEMA TC 2 and UL 651, with matching fittings 
complying with NEMA TC 3 by same manufacturer as duct. 

B. Underground Plastic Utilities Duct: Type EB-20 PVC RNC, complying with 
NEMA TC 6 & 8, ASTM F512, and UL 651, with matching fittings complying 
with NEMA TC 9 by same manufacturer as duct. 

C. Manufacturers:  Equivalent to: 

1. ARNCO Corp. 

2. ElecSys, Inc. 

3. CANTEX INC 

D. General Requirements for Nonmetallic Ducts and Fittings: 

1. Listed and labeled as defined in NFPA 70, by a nationally recognized 
testing laboratory, and marked for intended location and application. 

2. Comply with TIA-569-C and TIA-758-C. 

E. Solvents and Adhesives: As recommended by duct manufacturer. 

2.3 FLEXIBLE NONMETALLIC DUCTS 

A. HDPE Duct: Type EPEC 80-HDPE complying with NEMA TC 7 and UL 651A. 
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1. Manufacturers:  Equivalent to the following: 

a. ARNCO Corp 

b. National Pipe & Plastics 

c. Carlon 

2. Listed and labeled as defined in NFPA 70, by a nationally recognized 
testing laboratory, and marked for intended location and application. 

3. Comply with TIA-569-C and TIA-758-C. 

2.4 DUCT ACCESSORIES 

A. Rigid Innderduct: Smooth HDPE duct, orange in color, designed for 
installation within a duct or pathway. 

1. Manufacturers:  Equivalent to the following: 

a. Carlon 

b. Dura-Line 

c. Eastern Wire 

B. Duct Spacers: Factory-fabricated rigid PVC interlocking spacers, sized for 
type and size of duct with which used, and selected to provide minimum duct 
spacing indicated while supporting duct during concreting or backfilling. 

1. Manufacturers:  Equivalent to the following: 

a. Carlon 

b. Dura-Line 

c. Eastern Wire 

C. Underground-Line Warning Tape: Underground-line warning tape specified in 
Section 270553 "Identification for Communications Systems." 

2.5 PRECAST CONCRETE HANDHOLES AND BOXES 

A. Description: Monolithically poured, factory-fabricated, reinforced-concrete 
walls and bottom unless open-bottom enclosures are indicated. Frame and 
cover shall form top of enclosure and shall have load rating consistent with 
that of handhole or box. 

B. Manufacturers:  Equivalent to the following: 

1. Christy Concrete Products 

2. Oldcastle Precast, Inc. 

3. Utility Vault Co 

C. Comply with ASTM C858 for design and manufacturing processes. 
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D. Frame and Cover: Weatherproof steel frame, with hinged steel access door 
assembly with tamper-resistant, captive, cover-securing bolts. 

1. Cover Hinges: Concealed, with hold-open ratchet assembly. 

2. Cover Handle: Recessed. 

E. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 
0.50. 

F. Cover Legend: Molded lettering, "COMMUNICATIONS." 

G. Configuration: Units shall be designed for flush burial and have [integral 
closed bottom unless otherwise indicated. 

H. Extensions and Slabs: Designed to mate with bottom of enclosure, and made 
of same material as enclosure. 

1. Extension shall provide increased depth of 12 inches (300 mm). 

2. Slab: Same dimensions as bottom of enclosure, and arranged to provide 
closure. 

I. Joint Sealant: Asphaltic-butyl material with adhesion, cohesion, flexibility, and 
durability properties necessary to withstand maximum hydrostatic pressures 
at the installation location with the ground-water level at grade. 

J. Duct Entrances in Handhole Walls: Cast end-bell or duct-terminating fitting in 
wall for each entering duct. 

1. Type and size shall match fittings to duct or conduit to be terminated. 

2. Fittings shall align with elevations of approaching duct and be located near 
interior corners of handholes to facilitate racking of cable. 

K. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) 
and larger shall have inserts for cable racks and pulling-in irons installed 
before concrete is poured. 

2.6 FIBERGLASS HANDHOLES AND BOXES 

A. Description: Molded of fiberglass-reinforced polyester resin, with covers made 
of reinforced concrete. 

B. Manufacturers:  Equivalent to the following: 

1. Christy Concrete Products 

2. Oldcastle Enclosure Solutions 

C. Standard: Comply with SCTE 77. Comply with tier requirements in 
"Underground Enclosure Application" Article. 

D. Color: Green. 

E. Configuration: Units shall be designed for flush burial and have integral 
closed bottom unless otherwise indicated. 
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F. Cover: Weatherproof, secured by tamper-resistant locking devices and having 
structural load rating consistent with enclosure. 

G. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 
0.50. 

H. Cover Legend: Molded lettering, "COMMUNICATIONS." 

I. Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated 
bushings or end-bell fittings, selected to suit box material, sized for wiring 
indicated, and arranged for secure, fixed installation in enclosure wall. 

J. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering 
duct for secure, fixed installation in enclosure wall. 

K. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) 
and larger shall have factory-installed inserts for cable racks and pulling-in 
irons. 

2.7 PRECAST MANHOLES 

A. Description: One-piece units and units with interlocking mating sections, 
complete with accessories, hardware, and features. 

B. Manufacturers:  Equivalent to the following: 

1. Christy Concrete Products 

2. Oldcastle Precast, Inc. 

3. Utility Vault Co 

C. Standard: Comply with ASTM C858. 

D. Structural Design Loading: Comply with requirements in "Underground 
Enclosure Application" Article. 

E. Knockout Panels: Precast openings in walls, arranged to match dimensions 
and elevations of approaching duct and duct banks, plus an additional 12 
inches (300 mm) vertically and horizontally to accommodate alignment 
variations. 

1. Center window location. 

2. Knockout panels shall be located no less than 6 inches (150 mm) from 
interior surfaces of walls, floors, or roofs of manholes, but close enough to 
corners to facilitate racking of cables on walls. 

3. Knockout panel opening shall have cast-in-place, welded-wire fabric 
reinforcement for field cutting and bending to tie in to concrete envelopes 
of duct banks. 

4. Knockout panel openings shall be framed with at least two additional No. 3 
steel reinforcing bars in concrete around each opening. 

5. Knockout panels shall be 1-1/2 to 2 inches (38 to 50 mm) thick. 



UNDERGROUND PATHWAYS AND STRUCTURES WHCRWA 

FOR COMMUNICATIONS SYSTEMS CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION 
UNDERGROUND PATHWAYS AND STRUCTURES FOR COMMUNICATIONS SYSTEMS 

27 05 43 - 8 OF 18 

 

F. Duct Entrances in Manhole Walls: Cast end-bell or duct-terminating fitting in 
wall for each entering duct. 

1. Type and size shall match fittings to duct or conduit to be terminated. 

2. Fittings shall align with elevations of approaching duct and be located near 
interior corners of manholes to facilitate racking of cable. 

G. Ground Rod Sleeve: Provide a 3-inch (75-mm) PVC sleeve in manhole floors 
2 inches (50 mm) from the wall adjacent to, but not underneath, the duct 
routed from the facility. 

H. Joint Sealant: Asphaltic-butyl material with adhesion, cohesion, flexibility, and 
durability properties necessary to withstand maximum hydrostatic pressures 
at the installation location with the ground-water level at grade. 

2.8 SOURCE QUALITY CONTROL 

A. Test and inspect precast concrete utility structures according to 
ASTM C1037. 

B. Nonconcrete Handhole and Pull-Box Prototype Test: Test prototypes of 
manholes and boxes for compliance with SCTE 77. Strength tests shall be for 
specified tier ratings of products supplied. 

1. Strength tests of complete boxes and covers shall be by either an 
independent testing agency or manufacturer. A qualified registered 
professional engineer shall certify tests by manufacturer. 

2. Testing machine pressure gages shall have current calibration 
certification, complying with ISO 9000 and ISO 10012, and traceable to 
NIST standards. 

 

PART 3 - EXECUTION 

3.1 PREPERATION 

A. Coordinate layout and installation of duct, duct bank, manholes, handholes, 
and boxes with final arrangement of other utilities, site grading, and surface 
features as determined in the field. Notify Architect if there is a conflict 
between areas of excavation and existing structures or archaeological sites to 
remain. 

B. Coordinate elevations of duct and duct-bank entrances into manholes, 
handholes, and boxes with final locations and profiles of duct and duct banks, 
as determined by coordination with other utilities, underground obstructions, 
and surface features. Revise locations and elevations as required to suit field 
conditions and to ensure that duct runs drain to manholes and handholes, 
and as approved by Architect. 
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C. Clear and grub vegetation to be removed, and protect vegetation to remain 
according to Section 311000 "Site Clearing." Remove and stockpile topsoil for 
reapplication according to Section 311000 "Site Clearing." 

3.2 UNDERGROUND DUCT APPLICATION 

A. Duct for Communications: Type EB-20-PVC RNC, in concrete-encased duct 
bank unless otherwise indicated. 

B. Underground Duct Crossing Paved Paths Walks and Driveways Roadways: 
Type EPC-40-PVC RNC, encased in reinforced concrete. 

C. Stub-Ups for Communications: Concrete-encased PVC-coated GRC. 

3.3 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for Communications: 

1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. 
AASHTO HB 17, H-20 structural load rating. 

2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to 
Occasional, Nondeliberate Loading by Heavy Vehicles: Precast concrete, 
AASHTO HB 17, H-20 structural load rating. 

3. Units in Sidewalk and Similar Applications with a Safety Factor for 
Nondeliberate Loading by Vehicles: Precast concrete, AASHTO HB 17, H-
5] [Precast concrete, AASHTO HB 17, H-10 structural load rating. 

4. Units Subject to Light-Duty Pedestrian Traffic Only: Fiberglass-reinforced 
polyester resin, structurally tested according to SCTE 77 with 3000-lbf 
(13 345-N) vertical loading. 

5. Cover design load shall not exceed the design load of the handhole or 
box. 

B. Manholes: cast-in-place concrete. 

1. Units Located in Roadways and Other Deliberate Traffic Paths by Heavy 
or Medium Vehicles: H-20 structural load rating according to 
AASHTO HB 17. 

2. Units Not Located in Deliberate Traffic Paths by Heavy or Medium 
Vehicles: H-10 load rating according to AASHTO HB 17. 

3.4 EARTHWORK 

A. Excavation and Backfill: Comply with Section 312300 "Earthwork," but do not 
use heavy-duty, hydraulic-operated, compaction equipment. 

B. Restoration: Replace area after construction in immediate area is complete. 

C. Restore surface features at areas disturbed by excavation, and re-establish 
original grades unless otherwise indicated. 
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D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other 
work. Restore vegetation and include necessary topsoiling, fertilizing, liming, 
seeding, sodding, sprigging, and mulching. Comply with Section 329010 
"Trees Shrubs Groundcovers" and Section 329240 "Seeding and Sodding." 

E. Cut and patch existing pavement in the path of underground duct, duct bank, 
and utility structures according to the "Cutting and Patching" Article in 
Section 017000 "Execution and Closeout Requirements." 

3.5 DUCT AND DUCT-BANK INSTALLATION 

A. Where indicated on Drawings, install duct, spacers, and accessories into the 
duct configuration shown. Duct installation requirements in this Section also 
apply to duct bank. 

B. Install duct and duct bank according to NEMA TCB 2 and TIA-758-C. 

C. Slope: Pitch duct and duct bank a minimum slope of 1:100 down toward 
manholes and handholes and away from buildings and equipment. Slope duct 
and duct bank from a high point in runs between two manholes, to drain in 
both directions. 

D. Curves and Bends: Use 5-degree angle couplings for small changes in 
direction. Use manufactured long sweep bends with a minimum radius of 48 
inches (1200 mm), both horizontally and vertically, at other locations unless 
otherwise indicated. 

1. Duct and duct banks shall have maximum of two 90-degree bends, or the 
total of all bends shall be no more 180 degrees between pull points. 

E. Joints: Use solvent-cemented joints in duct and fittings, and make watertight 
according to manufacturer's written instructions. Stagger couplings, so those 
of adjacent ducts do not lie in same plane. 

F. End-Bell Entrances to Manholes and Concrete and Polymer Concrete 
Handholes: Use end bells, spaced approximately 6 inches (150 mm) o.c. for 
4-inch (100-mm) duct, and vary proportionately for other duct sizes. 

1. Begin change from regular spacing to end-bell spacing 10 feet (3 m) from 
the end bell without reducing duct slope and without forming a trap in the 
line. 

2. Expansion and Deflection Fittings: Install an expansion and deflection 
fitting in each duct in the area of disturbed earth adjacent to manhole or 
handhole. Install an expansion fitting near the center of all straight-line 
direct-buried duct and duct banks, with calculated expansion of more than 
3/4 inch (19 mm). 

3. Grout end bells into structure walls from both sides to provide watertight 
entrances. 

G. Terminator Entrances to Manholes and Concrete and Polymer Concrete 
Handholes: Use manufactured, cast-in-place duct terminators, with entrances 
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into structure spaced approximately 6 inches (150 mm) o.c. for 4-inch (100-
mm) duct, and vary proportionately for other duct sizes. 

1. Begin change from regular spacing to terminator spacing 10 feet (3 m) 
from the terminator without reducing duct slope and without forming a trap 
in the line. 

2. Expansion and Deflection Fittings: Install an expansion and deflection 
fitting in each duct in the area of disturbed earth adjacent to manhole or 
handhole. Install an expansion fitting near the center of all straight-line 
duct or duct bank, with calculated expansion of more than 3/4 inch (19 
mm). 

H. Building Wall Penetrations: Make a transition from underground duct to GRC 
at least 10 feet (3 m) outside the building wall, without reducing duct slope 
away from the building or forming a trap in the duct. Use fittings manufactured 
for RNC duct-to-GRC conduit transition. Install GRC penetrations of building 
walls as specified in Section 270544 "Sleeves and Sleeve Seals for 
Communications Pathways and Cabling." 

I. Sealing: Provide temporary closure at terminations of duct that has cables 
pulled. Seal spare ducts at terminations. Use sealing compound and plugs to 
withstand at least 15-psig (1.03-MPa) hydrostatic pressure. 

J. Innerduct: Install immediately after mandreling duct. Provide three innerducts 
per duct. 

K. Pulling Cord: Install 200-lbf- (1000-N-m) test nylon cord in empty duct and 
innerduct. 

L. Concrete-Encased Duct and Duct Bank: 

1. Excavate trench bottom to provide firm and uniform support for duct or 
duct bank. Prepare trench bottoms as specified in Section 312300 
"Earthwork" for pipes less than 6 inches (150 mm) in nominal diameter. 

2. Width: Excavate trench 12 inches (300 mm) wider than duct or duct bank 
on each side. 

3. Depth: Install top of duct and duct bank at least 24 inches (600 mm) below 
finished grade in areas not subject to deliberate traffic, and at least 30 
inches (750 mm) below finished grade in deliberate traffic paths for 
vehicles unless otherwise indicated. 

4. Support duct and duct bank on duct spacers coordinated with duct size, 
duct spacing, and outdoor temperature. 

5. Minimum Space Between Duct: 3 inches (75 mm) between edge of duct 
and exterior envelope wall, 2 inches (50 mm) between ducts for like 
services, and 4 inches (100 mm) between power and communications 
ducts. 
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6. Spacer Installation: Place spacers close enough to prevent sagging and 
deforming of duct, with not less than five spacers per 20 feet (6 m) of duct. 
Place spacers within 24 inches (600 mm) of duct ends. Stagger spacers 
approximately 6 inches (150 mm) between tiers. Secure spacers to earth 
and duct to prevent floating during concreting. Tie entire assembly 
together using fabric straps; do not use tie wires or reinforcing steel that 
may form conductive or magnetic loops around duct or duct bank. 

7. Elbows: Use manufactured GRC elbows for stub-ups, at building 
entrances, and at changes of direction in duct run. 

a. Couple GRC to duct with adapters designed for this purpose, and 
encase coupling with 3 inches (75 mm) of concrete. 

b. Stub-Ups to Outdoor Equipment: Extend concrete-encased GRC 
horizontally a minimum of 60 inches (1500 mm) from edge of base. 
Install insulated grounding bushings on terminations at equipment. 

1) Stub-ups shall be minimum 4 inches (100 mm)above finished 
floor and minimum 3 inches (75 mm)from conduit side to edge 
of slab. 

c. Stub-Ups to Indoor Equipment: Extend concrete-encased GRC 
horizontally a minimum of 60 inches (1500 mm) from edge of wall. 
Install insulated grounding bushings on terminations at equipment. 

1) Stub-ups shall be minimum 4 inches (100 mm)above finished 
floor and no less than 3 inches (75 mm)from conduit side to 
edge of wall. 

8. Reinforcement: Reinforce concrete-encased duct and duct bank where 
they cross disturbed earth and where indicated. Arrange reinforcing rods 
and ties without forming conductive or magnetic loops around ducts or 
duct groups. 

9. Forms: Use trench walls to form side walls of duct and duct bank where 
soil is self-supporting and concrete envelope can be poured without soil 
inclusions; otherwise, use forms. 

10. Concrete Cover: Install a minimum of 3 inches (75 mm) of concrete cover 
between edge of duct to exterior envelope wall, 2 inches (50 mm) between 
ducts, and 4 inches (100 mm) between power and communications duct. 

11. Concreting Sequence: Pour each run of envelope between manholes or 
other terminations in one continuous operation. 

a. Start at one end and finish at the other, allowing for expansion and 
contraction of duct as its temperature changes during and after the 
pour. Use expansion fittings installed according to manufacturer's 
written recommendations, or use other specific measures to prevent 
expansion-contraction damage. 
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b. If more than one pour is necessary, terminate each pour in a vertical 
plane and install 3/4-inch (19-mm) reinforcing-rod dowels extending 
a minimum of 18 inches (450 mm) into concrete on both sides of joint 
near corners of envelope. 

12. Pouring Concrete: Comply with requirements in "Concrete Placement" 
Article in Section 033130 "Concrete, Materials and Proportioning" and 
Section 033131 “Concrete Mixing, Placing, Jointing, and Curing”. Place 
concrete carefully during pours to prevent voids under and between ducts 
and at exterior surface of envelope. Do not allow a heavy mass of 
concrete to fall directly onto duct. Allow concrete to flow to center of bank 
and rise up in middle, uniformly filling all open spaces. Do not use power-
driven agitating equipment unless specifically designed for duct-bank 
application. 

M. Direct-Buried Duct and Duct Banks: 

1. Excavate trench bottom to provide firm and uniform support for duct and 
duct bank. Comply with requirements in Section 312300 "Earthwork" for 
preparation of trench bottoms for duct less than 6 inches (150 mm) in 
nominal diameter. 

2. Install duct with a minimum of 3 inches (75 mm) between duct for like 
services and 6 inches (150 mm) between power and signal duct. 

3. Width: Excavate trench 12 inches (300 mm) wider than duct or duct bank 
on each side. 

4. Depth: Install top of duct or duct bank at least 36 inches (900 mm) below 
finished grade unless otherwise indicated. 

5. Set elevation of bottom of duct or duct bank below frost line. 

6. Support duct on duct spacers coordinated with duct size, duct spacing, 
and outdoor temperature. 

7. Spacer Installation: Place spacers close enough to prevent sagging and 
deforming of duct, with not less than five spacers per 20 feet (6 m) of duct. 
Place spacers within 24 inches (600 mm) of duct ends. Stagger spacers 
approximately 6 inches (150 mm) between tiers. Secure spacers to earth 
and duct to prevent floating during concreting. Tie entire assembly 
together using fabric straps; do not use tie wires or reinforcing steel that 
may form conductive or magnetic loops around duct or duct bank. 

8. Elbows: Install manufactured duct elbows for stub-ups, at building 
entrances through floor, and at changes of direction in duct unless 
otherwise indicated. Encase elbows for stub-ups throughout length of 
elbow. Extend encasement minimum of 36 inches (900 mm) beyond 
elbow joints. 

9. Install manufactured GRC elbows for stub-ups, at building entrances, and 
at changes of direction in duct. 
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a. Couple GRC to duct with adapters designed for this purpose, and 
encase coupling with 3 inches (75 mm) of concrete. 

b. For equipment mounted on outdoor bases, extend GRC horizontally 
a minimum of 60 inches (1500 mm) from edge of equipment pad or 
foundation. Install insulated grounding bushings on terminations at 
equipment. 

10. After installing first tier of duct, backfill and compact. Start at tie-in point 
and work toward end of duct run, leaving duct at end of run free to move 
with expansion and contraction, as temperature changes during this 
process. Repeat procedure after placing each tier. After placing last tier, 
hand place backfill to 4 inches (100 mm) over duct and hand tamp. Firmly 
tamp backfill around duct to provide maximum supporting strength. Use 
hand tamper only. After placing controlled backfill over final tier, make final 
duct connections at end of run and complete backfilling with normal 
compaction. Comply with requirements in Section 312300 "Earthwork" for 
installation of backfill materials. 

a. Place minimum of 6 inches (150 mm) of engineered fill above 
concrete encasement of duct bank. 

N. Underground-Line Warning Tape: Bury conducting underground-line warning 
tape specified in Section 270553 "Identification for Communication Systems" 
no less than 12 inches (300 mm) above all concrete-encased duct and duct 
bank and approximately 12 inches (300 mm) below grade. Align tape parallel 
to and within 3 inches (75 mm) of centerline of duct bank. Provide an 
additional warning tape for each 12-inch (300-mm) increment of duct-bank 
width over a nominal 18 inches (450 mm). Space additional tapes 12 inches 
(300 mm) apart, horizontally. 

3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES 

A. Cast-in-Place Manhole Installation: 

1. Finish interior surfaces with a smooth-troweled finish. 

2. Knockouts for Future Duct Connections: Form and pour concrete knockout 
panels 1-1/2 to 2 inches (38 to 50 mm) thick, arranged as indicated. 

3. Comply with requirements in Section 031113 "Formwork", Section 032100 
“Reinforcement”, Section 033130 “Concrete, Materials and Proportioning” 
and Section 033131 “Concrete Mixing, Placing, Jointing, and Curing” for 
cast-in-place concrete, formwork, and reinforcement. 

B. Precast Concrete Handhole and Manhole Installation: 

1. Comply with ASTM C891 unless otherwise indicated. 

2. Install units level and plumb and with orientation and depth coordinated 
with connecting duct, to minimize bends and deflections required for 
proper entrances. 
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3. Unless otherwise indicated, support units on a level bed of crushed stone 
or gravel, graded from 1-inch (25-mm) sieve to No. 4 (4.75-mm) sieve and 
compacted to same density as adjacent undisturbed earth. 

C. Elevations: 

1. Manhole Roof: Install with rooftop at least 15 inches (380 mm) below 
finished grade. 

2. Manhole Frame: In paved areas and trafficways, set frames flush with 
finished grade. Set other manhole frames 1 inch (25 mm) above finished 
grade. 

3. Install handholes with bottom below frost line, 36” below grade. 

4. Handhole Covers: In paved areas and trafficways, set surface flush with 
finished grade. Set covers of other handholes 1 inch (25 mm) above 
finished grade. 

5. Where indicated, cast handhole cover frame integrally with handhole 
structure. 

D. Manhole Access: Circular opening in manhole roof; sized to match cover size. 

1. Manholes with Fixed Ladders: Offset access opening from manhole 
centerlines to align with ladder. 

2. Install chimney, constructed of precast concrete collars and rings, to 
support cast-iron frame to connect cover with manhole roof opening. 
Provide moisture-tight masonry joints and waterproof grouting for frame to 
chimney. 

E. Dampproofing: Apply dampproofing to exterior surfaces of manholes and 
handholes after concrete has cured at least three days. Dampproofing 
materials and installation are specified in Section 071114 "Asphaltic Emulsion 
Damproofing". After duct has been connected and grouted, and before 
backfilling, dampproof joints and connections, and touch up abrasions and 
scars. Dampproof exterior of manhole chimneys after mortar has cured at 
least three days. 

F. Hardware: Install removable hardware, including pulling eyes, cable 
stanchions, and cable arms, and insulators, as required for installation and 
support of cables and conductors and as indicated. 

G. Fixed Manhole Ladders: Arrange to provide for safe entry with maximum 
clearance from cables and other items in manholes. 

H. Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not 
drill deeper than 3-7/8 inches (97 mm) for manholes and 2 inches (50 mm) for 
handholes, for field-installed anchor bolts installed. Use a minimum of two 
anchors for each cable stanchion. 
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3.7 INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST 
CONCRETE 

A. Install handholes and boxes level and plumb and with orientation and depth 
coordinated with connecting duct, to minimize bends and deflections required 
for proper entrances. Use box extension if required to match depths of duct 
and duct bank, and seal joint between box and extension as recommended 
by manufacturer. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or 
gravel, graded from 1/2-inch (12.5-mm) sieve to No. 4 (4.75-mm) sieve and 
compacted to same density as adjacent undisturbed earth. 

C. Elevation: In paved areas and trafficways, set cover flush with finished grade. 
Set covers of other handholes 1 inch (25 mm) above finished grade. 

D. Install handholes and boxes with bottom below frost line, 36” below grade. 

E. Install removable hardware, including pulling eyes, cable stanchions, cable 
arms, and insulators, as required for installation and support of cables and 
conductors and as indicated. Select arm lengths to be long enough to provide 
spare space for future cables, but short enough to preserve adequate working 
clearances in enclosure. 

F. Field cut openings for duct according to enclosure manufacturer's written 
instructions. Cut wall of enclosure with a tool designed for material to be cut. 
Size holes for terminating fittings to be used, and seal around penetrations 
after fittings are installed. 

G. For enclosures installed in asphalt paving and subject to occasional, 
nondeliberate, heavy-vehicle loading, form and pour a concrete ring, 
encircling, and in contact with, enclosure, and with top surface screeded to 
top of box cover frame. Bottom of ring shall rest on compacted earth. 

1. Concrete: 3000 psi (20 kPa), 28-day strength, complying with 
Section 033131 "Concrete Mixing, Placing, Jointing, and Curing" and 
Section 033500 “Concrete Finishing and Repair of Surface Defects” with a 
troweled finish. 

2. Dimensions: 10 inches wide by 12 inches deep (250 mm wide by 300 mm 
deep) 

3.8 GROUNDING 

A. Ground underground duct, duct bank, and utility structures according to 
Section 270526 "Grounding and Bonding for Communications Systems." 

3.9 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections and prepare test reports: 

1. Demonstrate capability and compliance with requirements on completion 
of installation of underground duct, duct bank, and utility structures. 
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2. Pull solid aluminum or wood test mandrel through duct to prove joint 
integrity and adequate bend radii, and test for out-of-round duct. Provide a 
minimum 12-inch- (300-mm-) long mandrel equal to duct size minus 1/4 
inch (6 mm). If obstructions are indicated, remove obstructions and retest. 

3. Test manhole and handhole grounding to ensure electrical continuity of 
grounding and bonding connections. Measure and report ground 
resistance as specified in Section 270526 "Grounding and Bonding for 
Communications Systems." 

B. Correct deficiencies and retest as specified above to demonstrate 
compliance. 

3.10 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through 
full length of duct until duct cleaner indicates that duct is clear of dirt and 
debris. 

B. Clean internal surfaces of manholes, including sump. 

1. Sweep floor, removing dirt and debris. 

2. Remove foreign material. 

 

END OF SECTION 
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SECTION 27 0 544 

SLEEVES AND SLEEVE SEALS FOR COMMUNICATIONS PATHWAYS AND 
CABLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Sleeves for pathway and cable penetration of non-fire-rated construction 
walls and floors. 

2. Sleeve-seal systems. 

3. Sleeve-seal fittings. 

4. Grout. 

5. Silicone sealants. 

B. Related Requirements: 

1. Section 07 84 00 "Firestopping" for penetration firestopping installed in 
fire-resistance-rated walls, horizontal assemblies, and smoke barriers, 
with and without penetrating items. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Wall Sleeves: 

1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, 
zinc coated, plain ends. 

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 
Galvanized-steel sheet; 0.0239-inch (0.6-mm) minimum thickness; round tube 
closed with welded longitudinal joint, with tabs for screw-fastening the sleeve 
to the board. 
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C. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40. 

D. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms. 

E. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth 
outer surface with nailing flange for attaching to wooden forms. 

F. Sleeves for Rectangular Openings: 

1. Material: Galvanized-steel sheet. 

2. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 
mm) and with no side larger than 16 inches (400 mm), thickness shall 
be 0.052 inch (1.3 mm). 

b. For sleeve cross-section rectangle perimeter 50 inches (1270 mm) or 
more and one or more sides larger than 16 inches (400 mm), thickness 
shall be 0.138 inch (3.5 mm). 

2.2 SLEEVE-SEAL SYSTEMS 

A. Description: Modular sealing device, designed for field assembly, to fill 
annular space between sleeve and pathway or cable. 

1. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

a. Advance Products & Systems 

b. CALPICO, Inc. 

c. HOLDRITE 

2. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of 
pipe. Include type and number required for pipe material and size of pipe. 

3. Pressure Plates: Stainless steel. 

4. Connecting Bolts and Nuts: Stainless steel of length required to secure 
pressure plates to sealing elements. 

2.3 SLEEVE-SEAL FITTINGS 

A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for 
embedding in concrete slab or wall. Unit shall have plastic or rubber 
waterstop collar with center opening to match piping OD. 

1. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

a. HOLDRITE 
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2.4 GROUT 

A. Description: Nonshrink; recommended for interior and exterior sealing 
openings in non-fire-rated walls or floors. 

B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-
adjusting, dry, hydraulic-cement grout. 

C. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength. 

D. Packaging: Premixed and factory packaged. 

2.5 SILICONE SEALANTS 

A. Silicone Sealants: Single-component, silicone-based, neutral-curing 
elastomeric sealants of grade indicated below. 

1. Grade: Pourable (self-leveling) formulation for openings in floors and other 
horizontal surfaces that are not fire rated. 

B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when 
mixed, expand and cure in place to produce a flexible, nonshrinking foam. 

PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL 
PENETRATIONS 

A. Comply with NECA 1. 

B. Comply with NEMA VE 2 for cable tray and cable penetrations. 

C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and 
Masonry-Unit Floors and Walls: 

1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 

a. Seal annular space between sleeve and pathway or cable, using joint 
sealant appropriate for size, depth, and location of joint. Comply with 
requirements in Section 07 92 00 "Joint Sealants." 

b. Seal space outside of sleeves with mortar or grout. Pack sealing 
material solidly between sleeve and wall so no voids remain. Tool 
exposed surfaces smooth; protect material while curing. 

2. Use pipe sleeves unless penetration arrangement requires rectangular 
sleeved opening. 

3. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space 
between sleeve and pathway or cable unless sleeve seal is to be installed. 

4. Install sleeves for wall penetrations unless core-drilled holes or formed 
openings are used. Install sleeves during erection of walls. Cut sleeves to 
length for mounting flush with both surfaces of walls. Deburr after cutting. 
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5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 
inches (50 mm) above finished floor level. Install sleeves during erection 
of floors. 

D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 

1. Use circular metal sleeves unless penetration arrangement requires 
rectangular sleeved opening. 

2. Seal space outside of sleeves with approved joint compound for gypsum 
board assemblies. 

E. Roof-Penetration Sleeves: Seal penetration of individual pathways and cables 
with flexible boot-type flashing units applied in coordination with roofing work. 

F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe 
sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch 
(25-mm) annular clear space between pipe and sleeve for installing 
mechanical sleeve seals. 

G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe 
sleeves. Size sleeves to allow for 1-inch (25-mm) annular clear space 
between pathway or cable and sleeve for installing sleeve-seal system. 

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-
grade at pathway entries into building. 

B. Install type and number of sealing elements recommended by manufacturer 
for pathway or cable material and size. Position pathway or cable in center of 
sleeve. Assemble mechanical sleeve seals and install in annular space 
between pathway or cable and sleeve. Tighten bolts against pressure plates 
that cause sealing elements to expand and make watertight seal. 

3.3 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of 
concrete slabs and walls. Position waterstop flange to be centered in concrete 
slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Using grout, seal the space around outside of sleeve-seal fittings. 

 

END OF SECTION 
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SECTION 27 05 53 

IDENTIFICATION FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Color and legend requirements for labels and signs. 

2. Labels. 

3. Bands and tubes. 

4. Tapes. 

5. Signs. 

6. Cable ties. 

7. Fasteners for labels and signs. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for communications identification 
products.  Retain “Samples” Paragraph below for single-stage Samples if 
Project requirements are complex. 

2. Coordinate "Qualification Data" Paragraph below with qualification 
requirements in Section 01 43 00 "Contractor’s Quality Requirements" and 
as may be supplemented in "Quality Assurance" Article. 

B. Identification Schedule: 

1. Outlets: Scaled drawings indicating location and proposed designation. 

2. Backbone Cabling: Riser diagram showing each communications room, 
backbone cable, and proposed backbone cable designation. 

3. Racks: Scaled drawings indicating location and proposed designation. 

4. Patch Panels: Enlarged scaled drawings showing rack row, number, and 
proposed designations. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with NFPA 70 and TIA 606-B. 

B. Comply with ANSI Z535.4 for safety signs and labels. 

C. Adhesive-attached labeling materials, including label stocks, laminating 
adhesives, and inks used by label printers, shall comply with UL 969. 

D. Thermal Movements: Allow for thermal movements from ambient and surface 
temperature changes. 

1. Temperature Change: 120 deg F (67 deg C), ambient; 180 deg F (100 
deg C), material surfaces. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Equipment Identification Labels: 

1. Black letters on a white field. 

B. Cabling Color Scheme: 
1. Fire Alarm – Red 
2. Data – Blue 
3. CCTV – Purple 
4. Security/Access Control – Grey 
5. IPAV - White 

2.3 LABELS 

A. Vinyl Wraparound Labels: Preprinted, flexible labels laminated with a clear, 
weather- and chemical-resistant coating and matching wraparound clear 
adhesive tape for securing label ends. 

B. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded 
acrylic sleeves, with diameters sized to suit diameters of raceway or cable 
they identify, that stay in place by gripping action. 

1. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-
laminating protective shields over the legend. Labels sized such that the 
clear shield overlaps the entire printed legend. 

2. Marker for Labels: Permanent, waterproof black ink marker recommended 
by tag manufacturer. 
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2.4 BANDS AND TUBES 

A. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored 
acrylic sleeves, 2 inches (50 mm) long, with diameters sized to suit diameters 
of raceway or cable they identify, that stay in place by gripping action. 

2.5 UNDERGROUND-LINE WARNING TAPE 

A. Tape: 

1. Recommended by manufacturer for the method of installation and suitable 
to identify and locate underground communications utility lines. 

2. Printing on tape shall be permanent and shall not be damaged by burial 
operations. 

3. Tape material and ink shall be chemically inert and not subject to 
degradation when exposed to acids, alkalis, and other destructive 
substances commonly found in soils. 

B. Color and Printing: 

1. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, and ANSI Z535.4. 

2. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV 
CABLE, COMMUNICATIONS CABLE, OPTICAL-FIBER CABLE". 

C. Tag: Type I: 

1. Pigmented polyolefin, bright colored, continuous-printed on one side with 
the inscription of the utility, compounded for direct-burial service. 

2. Width: 3 inches (75 mm). 

3. Thickness: 4 mils (0.1 mm). 

4. Weight: 18.5 lb/1000 sq. ft. (9.0 kg/100 sq. m). 

5. Tensile according to ASTM D882: 30 lbf (133.4 N) and 2500 psi (17.2 
MPa). 

D. Tag: Type II: 

1. Multilayer laminate, consisting of high-density polyethylene scrim coated 
with pigmented polyolefin; bright colored, continuous-printed on one side 
with the inscription of the utility, compounded for direct-burial service. 

2. Width: 3 inches (75 mm). 

3. Thickness: 12 mils (0.3 mm). 

4. Weight: 36.1 lb/1000 sq. ft. (17.6 kg/100 sq. m). 

5. Tensile according to ASTM D882: 400 lbf (1780 N) and 11,500 psi (79.2 
MPa). 
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2.6 SIGNS 

A. Baked-Enamel Signs: 

1. Preprinted aluminum signs, high-intensity reflective, punched or drilled for 
fasteners, with colors, legend, and size required for application. 

2. 1/4-inch (6.4-mm) grommets in corners for mounting. 

3. Nominal Size: 7 by 10 inches (180 by 250 mm). 

B. Metal-Backed Butyrate Signs: 

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs, 
with 0.0396-inch (1-mm) galvanized-steel backing, punched and drilled for 
fasteners, and with colors, legend, and size required for application. 

2. 1/4-inch (6.4-mm) grommets in corners for mounting. 

3. Nominal Size: 10 by 14 inches (250 by 360 mm). 

C. Laminated-Acrylic or Melamine-Plastic Signs: 

1. Engraved legend. 

2. Thickness: 

a. For signs up to 20 sq. in. (129 sq. cm), minimum 1/16 inch (1.6 mm) 
thick. 

b. For signs larger than 20 sq. in. (129 sq. cm), 1/8 inch (3.2 mm) thick. 

c. Engraved legend with white letters on a dark gray background. 

d. Punched or drilled for mechanical fasteners with 1/4-inch (6.4-mm) 
grommets in corners for mounting. 

e. Framed with mitered acrylic molding and arranged for attachment at 
applicable equipment. 

2.7 CABLE TIES 

A. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-
locking, and Type 6/6 nylon. 

1. Minimum Width: 3/16 inch (5 mm). 

2. Tensile Strength at 73 deg F (23 deg C) according to ASTM D638: 12,000 
psi (82.7 MPa). 

3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to 
plus 85 deg C). 

4. Color: Black, except where used for color-coding. 

B. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to 
exterior sunlight, self-extinguishing, one piece, self-locking, and Type 6/6 
nylon. 
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1. Minimum Width: 3/16 inch (5 mm). 

2. Tensile Strength at 73 deg F (23 deg C) according to ASTM D638: 12,000 
psi (82.7 MPa). 

3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to 
plus 85 deg C). 

4. Color: Black. 

C. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and 
self-locking. 

1. Minimum Width: 3/16 inch (5 mm). 

2. Tensile Strength at 73 deg F (23 deg C) according to ASTM D638: 7000 
psi (48.2 MPa). 

3. UL 94 Flame Rating: 94V-0. 

4. Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to 
plus 140 deg C). 

5. Color: Black. 

2.8 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and 
application requirements. Retain paint system applicable for surface material 
and location (exterior or interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or 
stainless-steel machine screws with nuts and flat and lock washers. 

PART 3 - EXECUTION 

3.1 PREPERATION 

A. Self-Adhesive Identification Products: Before applying communications 
identification products, clean substrates of substances that could impair bond, 
using materials and methods recommended by manufacturer of identification 
product. 

3.2 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other 
features with requirements in other Sections requiring identification 
applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and 
operation and maintenance manual. Use consistent designations throughout 
Project. 

B. Install identifying devices before installing acoustical ceilings and similar 
concealment. 
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C. Verify identity of each item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring 
diagrams, and operation and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing 
finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, 
and maintenance of communications systems and connected items. 

G. Elevated Components: Increase sizes of labels, signs, and letters to those 
appropriate for viewing from the floor. 

H. Vinyl Wraparound Labels: 

1. Secure tight to surface of raceway or cable at a location with high visibility 
and accessibility. 

2. Attach labels that are not self-adhesive type with clear vinyl tape, with 
adhesive appropriate to the location and substrate. 

3. Provide label 6 inches (150 mm) from cable end. 

I. Snap-Around Labels: 

1. Secure tight to surface at a location with high visibility and accessibility. 

2. Provide label 6 inches (150 mm) from cable end. 

J. Self-Adhesive Wraparound Labels: 

1. Secure tight to surface at a location with high visibility and accessibility. 

2. Provide label 6 inches (150 mm) from cable end. 

K. Self-Adhesive Labels: 

1. On each item, install unique designation label that is consistent with wiring 
diagrams, schedules, and operation and maintenance manual. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-
mm-) high letters on 1-1/2-inch- (38-mm-) high label; where two lines of 
text are required, use labels 2 inches (50 mm) high. 

L. Snap-Around, Color-Coding Bands: Secure tight to surface at a location with 
high visibility and accessibility. 

M. Underground-Line Warning Tape: 

1. During backfilling of trenches, install continuous underground-line warning 
tape directly above cable or raceway at 6 to 8 inches (150 to 200 mm) 
below finished grade. Use multiple tapes where width of multiple lines 
installed in a common trench or concrete envelope exceeds 16 inches 
(400 mm) overall. 

2. Install underground-line warning tape for direct-buried cables and cables 
in raceways. 
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N. Cable Ties: General purpose, except as listed below: 

1. Outdoors: UV-stabilized nylon. 

2. In Spaces Handling Environmental Air: Plenum rated. 

3.3 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient 
viewing without interference with operation and maintenance of equipment. 
Install access doors or panels to provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, 
terminals, pull points, and locations with high visibility. Identify by system and 
circuit designation. 

C. Accessible Fittings for Raceways and Cables within Buildings: Identify covers 
of each junction and pull box with self-adhesive labels containing wiring 
system legend. 

1. System legends shall be as follows: 

a. Telecommunications. 

D. Faceplates: Label individual faceplates with self-adhesive labels. Place label 
at top of faceplate. Each faceplate shall be labeled with its individual, 
sequential designation, numbered clockwise when entering room from 
primary egress, composed of the following, in the order listed: 

1. Wiring closet designation. 

2. Colon. 

3. Faceplate number. 

E. Equipment Room Labeling: 

1. Racks, Frames, and Enclosures: Identify front and rear of each with self-
adhesive labels containing equipment designation. 

2. Patch Panels: Label individual rows and outlets, starting at to left and 
working down, with self-adhesive labels. 

3. Data Outlets: Label each outlet with a self-adhesive label indicating the 
following, in the order listed: 

a. Room number being served. 

b. Colon. 

c. Faceplate number. 

F. Backbone Cables: Label each cable with a vinyl-wraparound label indicating 
the location of the far or other end of the backbone cable. Patch panel or 
punch down block where cable is terminated should be labeled identically. 
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G. Horizontal Cables: Label each cable with a vinyl-wraparound label indicating 
the following, in the order listed: 

1. Room number. 

2. Colon. 

3. Faceplate number. 

H. Locations of Underground Lines: Underground-line warning tape for copper, 
coaxial, hybrid copper/fiber, and optical-fiber cable. 

I. Instructional Signs: Self-adhesive labels. 

J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures: Metal-backed, 
butyrate warning signs. 

1. Apply to exterior of door, cover, or other access. 

K. Equipment Identification Labels: 

1. Indoor Equipment: Metal-backed butyrate signs. 

2. Outdoor Equipment: Laminated-acrylic or melamine-plastic sign. 

3. Equipment to Be Labeled: 

a. Communications cabinets. 

b. Uninterruptible power supplies. 

c. Computer room air conditioners. 

d. Fire-alarm and suppression equipment. 

e. Egress points. 

f. Power distribution components. 

 

END OF SECTION 
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SECTION 27 11 00

COMMUNICATIONS EQUIPMENT ROOM FITTINGS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Telecommunications mounting elements.

2. Backboards.

3. Telecommunications equipment racks and cabinets.

4. Grounding.

B. Related Requirements:

1. Section 27 05 36 "Cable Trays for Communications Systems" for cable
trays and accessories.

2. Section 27 13 00 "Communications Backbone Cabling" for voice and data
cabling associated with system panels and devices.

3. Section 27 15 00 "Communications Horizontal Cabling" for voice and data
cabling associated with system panels and devices.

4. Section 28 05 13 "Conductors and Cables for Electronic Safety and
Security" for voice and data cabling associated with system panels and
devices.

1.2 ACTION SUBMITTALS

A. Product Data:  For each type of product.

B. Shop Drawings:  For communications equipment room fittings.  Include plans,
elevations, sections, details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads,
required clearances, method of field assembly, components, and location
and size of each field connection.

2. Equipment Racks and Cabinets:  Include workspace requirements and
access for cable connections.

3. Grounding:  Indicate location of grounding bus bar and its mounting detail
showing standoff insulators and wall mounting brackets.

1.3 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For Installer, qualified layout technician, installation
supervisor, and field inspector.
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1.4 QUALITY ASSURANCE

A. Installer Qualifications:  Cabling Installer must have personnel certified by
BICSI on staff.

1. Layout Responsibility:  Preparation of Shop Drawings shall be under the
direct supervision of Commercial Installer, Level 2.

2. Installation Supervision:  Installation shall be under the direct supervision
of Level 2 Installer, who shall be present at all times when Work of this
Section is performed at Project site.

3. Field Inspector:  Currently registered by BICSI as Commercial Installer,
Level 2 to perform the on-site inspection.

PART 2 - PRODUCTS

2.1 BACKBOARDS

A. Backboards:  Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by
1220 by 2440 mm).  Comply with requirements for plywood backing panels
specified in Section 06 10 00 "Rough Carpentry."

2.2 EQUIPMENT FRAMES

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. ADC.

2. Belden Inc.

3. Cooper B-Line.

4. Emerson Network Power Connectivity Solutions.

5. Hubbell Premise Wiring.

6. Leviton Commercial Networks Division.

7. Middle Atlantic Products, Inc.

8. Ortronics, Inc.

9. Panduit Corp.

10. Siemon Co. (The).

11. Tyco Electronics Corporation; AMP Products.

B. General Frame Requirements:

1. Distribution Frames:  Freestanding and wall-mounting, modular-steel units
designed for telecommunications terminal support and coordinated with
dimensions of units to be supported.
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2. Module Dimension:  Width compatible with EIA 310-D standard, 19-inch
(480-mm) panel mounting.

3. Finish:  Manufacturer's standard, baked-polyester powder coat.

C. Floor-Mounted Racks:  Modular-type, steel or aluminum construction.

1. Vertical and horizontal cable management channels, top and bottom cable
troughs, grounding lug, and a power strip.

2. Baked-polyester powder coat finish.

D. Modular Freestanding Cabinets:

1. Removable and lockable side panels.

2. Hinged and lockable front and rear doors.

3. Adjustable feet for leveling.

4. Screened ventilation openings in the roof and rear door.

5. Cable access provisions in the roof and base.

6. Grounding bus bar.

7. Rack-mounted, 550-cfm (260-L/s) fan with filter.

8. Power strip.

9. Baked-polyester powder coat finish.

10. All cabinets keyed alike.

E. Modular Wall Cabinets:

1. Wall mounting.

2. Steel or aluminum construction.

3. Treated to resist corrosion.

4. Lockable front doors.

5. Louvered side panels.

6. Cable access provisions top and bottom.

7. Grounding lug.

8. Rack-mounted, 250-cfm (118-L/s) fan.

9. Power strip.

10. All cabinets keyed alike.

F. Cable Management for Equipment Frames:

1. Metal, with integral wire retaining fingers.

2. Baked-polyester powder coat finish.



COMMUNICATIONS EQUIPMENT WHCRWA
ROOM FITTINGS CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION

COMMUNICATIONS EQUIPMENT ROOM FITTINGS
27 11 00 - 4 OF 6

3. Vertical cable management panels shall have front and rear channels,
with covers.

4. Provide horizontal crossover cable manager at the top of each relay rack,
with a minimum height of two rack units each.

2.3 POWER STRIPS

A. Power Strips:  Comply with UL 1363.

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency,
and marked for intended location and application.

2. Rack mounting.

3. Six 20-A, 120-V ac, NEMA WD 6, Configuration 5-20R receptacles.

4. LED indicator lights for power and protection status.

5. LED indicator lights for reverse polarity and open outlet ground.

6. Circuit Breaker and Thermal Fusing:  When protection is lost, circuit opens
and cannot be reset.

7.  Close-coupled, direct plug-in line cord.

8. Rocker-type on-off switch, illuminated when in on position.

9. Peak Single-Impulse Surge Current Rating:  33 kA per phase.

10. Protection modes shall be line to neutral, line to ground, and neutral to
ground.  UL 1449 clamping voltage for all three modes shall be not more
than 330 V.

2.4 GROUNDING

A. Comply with requirements in Section 26 05 26 "Grounding" for grounding
conductors and connectors.

B. Telecommunications Main Bus Bar:

1. Connectors:  Mechanical type, cast silicon bronze, solderless
compression-type wire terminals, and long-barrel, two-bolt connection to
ground bus bar.

2. Ground Bus Bar:  Copper, minimum 1/4 inch thick by 4 inches wide (6 mm
thick by 100 mm wide) with 9/32-inch (7.14-mm) holes spaced 1-1/8
inches (28 mm) apart.

3. Stand-Off Insulators:  Comply with UL 891 for use in switchboards, 600 V.
Lexan or PVC, impulse tested at 5000 V.

C. Comply with J-STD-607-A.
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2.5 LABELING

A. Comply with TIA/EIA-606-A and UL 969 for a system of labeling materials,
including label stocks, laminating adhesives, and inks used by label printers.

PART 3 - EXECUTION

3.1 ENTRANCE FACILITIES

A. Contact telecommunications service provider and arrange for installation of
demarcation point, protected entrance terminals, and a housing when so
directed by service provider.

B. Comply with requirements in Section 27 05 28 "Pathways for
Communications Systems" for materials and installation requirements for
underground pathways.

3.2 INSTALLATION

A. Comply with NECA 1.

B. Comply with BICSI TDMM for layout and installation of communications
equipment rooms.

C. Bundle, lace, and train conductors and cables to terminal points without
exceeding manufacturer's limitations on bending radii.  Install lacing bars and
distribution spools.

D. Coordinate layout and installation of communications equipment with Owner's
telecommunications and LAN equipment and service suppliers.  Coordinate
service entrance arrangement with local exchange carrier.

1. Meet jointly with telecommunications and LAN equipment suppliers, local
exchange carrier representatives, and Owner to exchange information and
agree on details of equipment arrangements and installation interfaces.

2. Record agreements reached in meetings and distribute them to other
participants.

3. Adjust arrangements and locations of distribution frames, cross-connects,
and patch panels in equipment rooms to accommodate and optimize
arrangement and space requirements of telephone switch and LAN
equipment.

4. Adjust arrangements and locations of equipment with distribution frames,
cross-connects, and patch panels of cabling systems of other
communications, electronic safety and security, and related systems that
share space in the equipment room.

E. Coordinate location of power raceways and receptacles with locations of
communications equipment requiring electrical power to operate.



COMMUNICATIONS EQUIPMENT WHCRWA
ROOM FITTINGS CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION

COMMUNICATIONS EQUIPMENT ROOM FITTINGS
27 11 00 - 6 OF 6

3.3 SLEEVE AND SLEEVE SEAL INSTALLATION FOR ELECTRICAL
PENETRATIONS

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall
assemblies.  Comply with requirements in Section 27 05 44 "Sleeves and
Sleeve Seals for Communications Pathways and Cabling."

3.4 FIRESTOPPING

A. Comply with requirements in Section 07 84 00 "Firestopping."

B. Comply with TIA-569-B, Annex A, "Firestopping."

C. Comply with BICSI TDMM, "Firestopping Systems" Article.

3.5 GROUNDING

A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and
Electrical Protection" Chapter.

B. Comply with J-STD-607-A.

C. Locate grounding bus bar to minimize the length of bonding conductors.
Fasten to wall allowing at least 2-inch (50-mm) clearance behind the
grounding bus bar.  Connect grounding bus bar with a minimum No. 4 AWG
grounding electrode conductor from grounding bus bar to suitable electrical
building ground.

D. Bond metallic equipment to the grounding bus bar, using not smaller than
No. 6 AWG equipment grounding conductor.

1. Bond the shield of shielded cable to the grounding bus bar in
communications rooms and spaces.

3.6 IDENTIFICATION

A. Identify system components, wiring, and cabling complying with
TIA/EIA-606-A.  Comply with requirements in Section 10 14 00 "Identification
Devices."

B. Comply with requirements in Division 09 Section "Interior Painting" for
painting backboards.  For fire-resistant plywood, do not paint over
manufacturer's label.

C. Paint and label colors for equipment identification shall comply with TIA/EIA-
606-A for Class 2 level of administration including optional identification
requirements of this standard.

D. Labels shall be preprinted or computer-printed type.

END OF SECTION
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SECTION 27 11 16 

COMMUNICATIONS RACKS, FRAMES, AND ENCLOSURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. 23-inch freestanding and wall-mounted equipment cabinets. 

2. Open Rack equipment racks. 

3. Power strips. 

4. Grounding. 

5. Labeling. 

B. Related Requirements: 

1. Section 271100 "Communications Equipment Room Fittings" for 
backboards and accessories. 

2. Section 270526 "Grounding and Bonding for Telecommunications 
Equipment" for TMGBs and TGBs. 

3. Section 270536 "Cable Trays for Communications Systems" for cable 
trays and cable tray accessories. 

4. Section 271300 "Communications Backbone Cabling" for copper data 
cabling associated with system panels and devices. 

5. Section 271323 "Communications Optical Fiber Backbone Cabling" for 
optical-fiber data cabling associated with system panels and devices. 

6. Section 271500 "Communication Horizontal Cabling" for copper data 
cabling associated with system panels and devices. 

7. Section 271533 "Communications Coaxial Horizontal Cabling" for coaxial 
data cabling associated with system panels and devices. 

1.3 DEFENITIONS 

A. Access Provider: An operator that provides a circuit path or facility between 
the service provider and user. An access provider can also be a service 
provider. 
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B. BICSI: Building Industry Consulting Service International. 

C. LAN: Local area network. 

D. RCDD: Registered communications distribution designer. 

E. Service Provider: The operator of a telecommunications transmission service 
delivered through access provider facilities. 

F. TGB: Telecommunications grounding bus bar. 

G. TMGB: Telecommunications main grounding bus bar. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for equipment racks and cabinets. 

2. Include rated capacities, operating characteristics, electrical 
characteristics, certifications, standards compliance, and furnished 
specialties and accessories. 

B. Shop Drawings: For communications racks, frames, and enclosures. Include 
plans, elevations, sections, details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location 
and size of each field connection. 

2. Equipment Racks and Cabinets: Include workspace requirements and 
access for cable connections. 

3. Grounding: Indicate location of TGB and its mounting detail showing 
standoff insulators and wall-mounting brackets. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: Cabling installer must have personnel certified by 
BICSI on staff. 

1. Layout Responsibility: Preparation of Shop Drawings shall be under direct 
supervision of Technician. 

2. Installation Supervision: Installation shall be under direct supervision of 
Technician, who shall be present at all times when Work of this Section is 
performed at Project site. 

3. Field Inspector: Currently registered by BICSI as Technician to perform 
on-site inspection. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. UL listed. 

B. RoHS compliant. 

C. Compliant with requirements of the Payment Card Industry Data Security 
Standard. 

2.2 BACKBOARDS 

A. Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 
1220 by 2440 mm). Comply with requirements for plywood backing panels 
specified in Section 061000 "Rough Carpentry." 

2.3 23-INCH EQUIPMENT RACKS 

A. Description: four- post racks with threaded rails designed for mounting 
telecommunications equipment. Width is compatible with 23-inch (584.2-mm) 
panel mounting. 

B. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed include, but are not limited to, the 
following: 

1. Belden Inc. 

2. B-Line, an Eaton Business 

3. CommScope, Inc. 

4. Dell Inc. 

5. Emerson Network Power Connectivity Solutions 

6. Hubbell Premise Wiring 

7. Panduit Corp 

C. General Requirements: 

1. Frames: Modular units designed for telecommunications terminal support 
and coordinated with dimensions of units to be supported. 

2. Material: Extruded aluminum. 

3. Finish: Manufacturer's standard, baked-polyester powder coat. 

4. Color: Black. 

D. Floor-Mounted Racks: 

1. Overall Height: 84 inches (2133.6 mm). 

2. Overall Depth: 42 inches. 
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3. Rail Depth: 6 inches (152.4 mm). 

4. Four-Post Load Rating: 2000 lb (907 kg). 

5. Number of Rack Units: 58. 

a. Numbering: Every rack units, on interior of rack. 

6. Threads: Universal square. 

7. Vertical and horizontal cable management channels, top and bottom cable 
troughs, grounding lug, and a power strip. 

8. Base shall have a minimum of four mounting holes for permanent 
attachment to floor. 

9. Top shall have provisions for attaching to cable tray or ceiling. 

10. Self-leveling. 

E. Cable Management: 

1. Metal, with integral wire retaining fingers. 

2. Baked-polyester powder coat finish. 

3. Vertical cable management panels shall have front and rear channels, 
with covers. 

4. Provide horizontal crossover cable manager at the top of each relay rack, 
with a minimum height of two rack units each. 

2.4 23-INCH EQUIPMENT CABINETS 

A. Description: Manufacturer-assembled four-post frame enclosed by side and 
top panels and front and rear doors, designed for mounting 
telecommunications equipment. Width is compatible with 23-inch (584.2-mm) 
equipment mounting. 

B. Manufacturers:  Subject to compliance with requirements herein, 
manufacturers offering products that may be installed in project include: 

1. Belden Inc. 

2. Commscope, Inc. 

3. B-Line, an Eaton Business 

4. Hubbell Premise Wiring 

5. Emerson Network Power Connectivity Solutions 

6. Leviton Manufacturing Company 

7. Panduit Corp 

C. General Cabinet Requirements: 
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1. Modular units designed for telecommunications terminal support and 
coordinated with dimensions of units to be supported. 

2. Material: Extruded aluminum. 

3. Finish: Manufacturer's standard, baked-polyester powder coat. 

4. Color: Black. 

D. Modular Freestanding Cabinets: 

1. Overall Height: 84 inches (2133.6 mm). 

2. Overall Depth: 42 inches. 

3. Load Rating: 3000 lb (1362 kg). 

4. Number of Rack Units: 58. 

a. Numbering: Every rack units, on interior of rack. 

5. Threads: Universal square. 

6. Removable and lockable side and top panels. 

7. Hinged and lockable front and rear doors. 

8. Adjustable feet for leveling. 

9. Screened ventilation openings in roof and rear door. 

10. Cable access provisions in roof and base. 

11. TGB. 

12. Rack-mounted, 550-cfm (260-L/s) fan with filter. 

13. Power strip. 

14. All cabinets keyed alike. 

E. Cable Management: 

1. Metal, with integral wire retaining fingers. 

2. Baked-polyester powder coat finish. 

3. Vertical cable management panels shall have front and rear channels, 
with covers. 

4. Provide horizontal crossover cable manager at top of each relay rack, with 
a minimum height of two rack units each. 

2.5 POWER STRIPS 

A. Power Strips: Comply with UL 1363. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, 
and marked for intended location and application. 

2. Rack mounting. 
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3. Six 20-A, 120-V ac, NEMA WD 6, Configuration 5-20R receptacles. 

4. LED indicator lights for power and protection status. 

5. LED indicator lights for reverse polarity and open outlet ground. 

6. Circuit Breaker and Thermal Fusing: When protection is lost, circuit opens 
and cannot be reset. 

7. Circuit Breaker and Thermal Fusing: Unit continues to supply power if 
protection is lost. 

8. Cord connected with 15-foot (4.5-m) line cord. 

9. Rocker-type on-off switch, illuminated when in on position. 

10. Peak Single-Impulse Surge Current Rating: 33 kA per phase. 

11. Protection modes shall be line to neutral, line to ground, and neutral to 
ground. UL 1449 clamping voltage for all three modes shall be not more 
than 330 V. 

2.6 GROUNDING 

A. Comply with requirements in Section 270526 "Grounding and Bonding for 
Communications Systems" for grounding conductors and connectors. 

B. Manufacturers:  Subject to compliance with requirements herein, 
manufacturers offering products that may be installed in project include: 

1. Harger Lightning & Grounding 

2. Panduit Corp 

C. Rack and Cabinet TGBs: Rectangular bars of hard-drawn solid copper, 
accepting conductors ranging from No. 14 to No. 2/0 AWG, NRTL listed as 
complying with UL 467, and complying with TIA-606-B. Predrilling shall be 
with holes for use with lugs specified in this Section. 

1. Cabinet-Mounted TGB: Terminal block, with stainless-steel or copper-
plated hardware for attachment to cabinet. 

2. Rack-Mounted Horizontal TGB: Designed for mounting in 19- or 23-inch 
(482.6- or 584.2-mm) equipment racks. Include a copper splice bar for 
transitioning to an adjoining rack, and stainless-steel or copper-plated 
hardware for attachment to the rack. 

3. Rack-Mounted Vertical TGB: 72 or 36 inches (1828.8 or 914.4 mm) long, 
with stainless-steel or copper-plated hardware for attachment to rack. 

2.7 LABELING 

A. Comply with TIA-606-B and UL 969 for a system of labeling materials, 
including label stocks, laminating adhesives, and inks used by label printers. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1. 

B. Comply with BICSI TDMM for layout of communications equipment spaces. 

C. Comply with BICSI ITSIMM for installation of communications equipment 
spaces. 

D. Bundle, lace, and train conductors and cables to terminal points without 
exceeding manufacturer's limitations on bending radii. Install lacing bars and 
distribution spools. 

E. Coordinate layout and installation of communications equipment in racks and 
room. Coordinate service entrance configuration with service provider. 

1. Meet jointly with system providers, equipment suppliers, and Owner to 
exchange information and agree on details of equipment configurations 
and installation interfaces. 

2. Record agreements reached in meetings and distribute them to other 
participants. 

3. Adjust configurations and locations of distribution frames, cross-connects, 
and patch panels in equipment spaces to accommodate and optimize 
configuration and space requirements of telecommunications equipment. 

4. Adjust configurations and locations of equipment with distribution frames, 
cross-connects, and patch panels of cabling systems of other 
communications, electronic safety and security, and related systems that 
share space in equipment room. 

F. Coordinate location of power raceways and receptacles with locations of 
communications equipment requiring electrical power to operate. 

3.2 GROUNDING 

A. Comply with NECA/BICSI 607. 

B. Install grounding according to BICSI ITSIMM, "Bonding, Grounding (Earthing) 
and Electrical Protection" Ch. 

C. Locate TGB to minimize length of bonding conductors. Fasten to wall, 
allowing at least 2 inches (50 mm) of clearance behind TGB. Connect TGB 
with a minimum No. 4 AWG grounding electrode conductor from TGB to 
suitable electrical building ground. Connect rack TGB to near TGB or the 
TMGB. 

1. Bond the shield of shielded cable to patch panel, and bond patch panel to 
TGB or TMGB. 



COMMUNICATIONS RACKS, FRAMES,  WHCRWA 

AND ENCLOSURES CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION 
COMMUNICATIONS RACKS, FRAMES, AND ENCLOSURES 

27 11 16 - 8 OF 8 

 

3.3 IDENTIFICATION 

A. Coordinate system components, wiring, and cabling complying with TIA-606-
B. Comply with requirements in Section 101400 "Identification Devices." 

B. Comply with requirements in Section 099110 "Architectural Painting" for 
painting backboards. For fire-resistant plywood, do not paint over 
manufacturer's label. 

C. Paint and label colors for equipment identification shall comply with TIA-606-B 
for Class 2 level of administration, including optional identification 
requirements of this standard. 

D. Labels shall be machine printed. Type shall be 1/4 inch (6 mm) in height. 

 

END OF SECTION 
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SECTION 27 13 00

COMMUNICATIONS BACKBONE CABLING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Pathways.

2. STP cable.

3. Cable connecting hardware, patch panels, and cross-connects.

4. Cabling identification products.

B. Related Sections:

1. Section 28 05 13 "Conductors and Cables for Electronic Safety and
Security" for voice and data cabling associated with system panels and
devices.

1.2 BACKBONE CABLING DESCRIPTION

A. Backbone cabling system shall provide interconnections between
communications equipment rooms, main terminal space, and entrance
facilities in the telecommunications cabling system structure.  Cabling system
consists of backbone cables, intermediate and main cross-connects,
mechanical terminations, and patch cords or jumpers used for backbone-to-
backbone cross-connection.

B. Backbone cabling cross-connects may be located in communications
equipment rooms or at entrance facilities.  Bridged taps and splitters shall not
be used as part of backbone cabling.

1.3 PERFORMANCE REQUIREMENTS

A. General Performance:  Backbone cabling system shall comply with
transmission standards in TIA/EIA-568-B.1, when tested according to test
procedures of this standard.

1.4 ACTION SUBMITTALS

A. Product Data:  For each type of product indicated.

B. Shop Drawings:

1. System Labeling Schedules:  Electronic copy of labeling schedules, in
software and format selected by Owner.

2. Cabling administration drawings and printouts.
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3. Wiring diagrams to show typical wiring schematics including the following:

a. Cross-connects.

b. Patch panels.

c. Patch cords.

4. Cross-connects and patch panels.  Detail mounting assemblies, and show
elevations and physical relationship between the installed components.

5. Cable tray layout, showing cable tray route to scale, with relationship
between the tray and adjacent structural, electrical, and mechanical
elements.

1.5 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For qualified layout technician, installation supervisor, and
field inspector.

B. Source quality-control reports.

C. Field quality-control reports.

1.6 CLOSEOUT SUBMITTALS

A. Maintenance data.

1.7 QUALITY ASSURANCE

A. Installer Qualifications:  Cabling Installer must have personnel certified by
BICSI on staff.

1. Layout Responsibility:  Preparation of Shop Drawings, Cabling
Administration Drawings, and field testing program development by an
RCDD.

2. Installation Supervision:  Installation shall be under the direct supervision
of Level 2 Installer, who shall be present at all times when Work of this
Section is performed at Project site.

B. Surface-Burning Characteristics:  As determined by testing identical products
according to ASTM E 84 by a qualified testing agency.  Identify products with
appropriate markings of applicable testing agency.

1. Flame-Spread Index:  25 or less.

2. Smoke-Developed Index:  50 or less.

C. Electrical Components, Devices, and Accessories:  Listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended
location and application.

D. Telecommunications Pathways and Spaces:  Comply with TIA/EIA-569-A.

E. Grounding:  Comply with ANSI-J-STD-607-A.
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1.8 DELIVERY, STORAGE, AND HANDLING

A. Test cables upon receipt at Project site.  Test each pair of STP cable for open
and short circuits.

PART 2 - PRODUCTS

2.1 PATHWAYS

A. Cable Support:  NRTL labeled for support of Category 6 cabling, designed to
prevent degradation of cable performance and pinch points that could
damage cable.

1. Support brackets with cable tie slots for fastening cable ties to brackets.

2. Lacing bars, spools, J-hooks, and D-rings.

3. Straps and other devices.

B. Cable Trays:

1. Manufacturers:  Subject to compliance with requirements, [available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

a. Cable Management Solutions, Inc.

b. Cablofil Inc.

c. Cooper B-Line, Inc.

d. Cope - Tyco/Allied Tube & Conduit.

e. GS Metals Corp.

2. Cable Tray Material:  Metal, suitable for indoors, and protected against
corrosion by  hot-dip galvanizing, complying with ASTM A 123/A 123M,
Grade 0.55, not less than 0.002165 inches (0.055 mm) thick.

a. Ladder Cable Trays:  Nominally 12 inches wide, and a rung spacing of
9 inches (305 mm).

C. Conduit and Boxes:  Comply with requirements in Section 26 05 33 "Raceway
and Boxes for Electrical Systems."

1. Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75
mm) high, and 2-1/2 inches (64 mm) deep.

2.2 BACKBOARDS

A. Backboards:  Plywood, fire-retardant treated,3/4 by 48 by 96 inches (19 by
1220 by 2440 mm).  Comply with requirements in Section 06 10 00 "Rough
Carpentry" for plywood backing panels.
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2.3 STP CABLE

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. Belden CDT Inc.; Electronics Division.

2. Berk-Tek; a Nexans company.

3. CommScope, Inc.

4. Draka USA.

5. Genesis Cable Products; Honeywell International, Inc.

6. KRONE Incorporated.

7. Mohawk; a division of Belden CDT.

8. Nordex/CDT; a subsidiary of Cable Design Technologies.

9. Superior Essex Inc.

10. SYSTIMAX Solutions; a CommScope Inc. brand.

11. 3M.

12. Tyco Electronics/AMP Netconnect; Tyco International Ltd.

B. Description:  100-ohm, 100-pair STP, formed into 25-pair binder groups
covered with a gray thermoplastic jacket and overall metallic shield.

1. Comply with ICEA S-90-661 for mechanical properties.

2. Comply with TIA/EIA-568-B.1 for performance specifications.

3. Comply with TIA/EIA-568-B.2, Category 6.

4. Listed and labeled by an NRTL acceptable to authorities having
jurisdiction as complying with UL 444 and NFPA 70 for the following types:

a. Communications, General Purpose:  Type CM or CMG; or MPP, CMP,
MPR, CMR, MP, or MPG.

b. Communications, Plenum Rated:  Type CMP or MPP, complying with
NFPA 262.

c. Communications, Riser Rated:  Type CMR; or MPP, CMP, or MPR,
complying with UL 1666.

d. Communications, Limited Purpose:  Type CMX; or MPP, CMP, MPR,
CMR, MP, MPG, CM, or CMG.

e. Multipurpose:  Type MP or MPG; or MPP or MPR.

f. Multipurpose, Plenum Rated:  Type MPP, complying with NFPA 262.

g. Multipurpose, Riser Rated:  Type MPR or MPP, complying with
UL 1666.
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2.4 STP CABLE HARDWARE

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. American Technology Systems Industries, Inc.

2. Dynacom Corporation.

3. Hubbell Premise Wiring.

4. KRONE Incorporated.

5. Leviton Voice & Data Division.

6. Molex Premise Networks; a division of Molex, Inc.

7. Nordex/CDT; a subsidiary of Cable Design Technologies.

8. Panduit Corp.

9. Siemon Co. (The).

10. Tyco Electronics/AMP Netconnect; Tyco International Ltd.

B. General Requirements for Cable Connecting Hardware:  Comply with
TIA/EIA-568-B.2, IDC type, with modules designed for punch-down caps or
tools.  Cables shall be terminated with connecting hardware of same category
or higher.

C. Connecting Blocks:  110-style IDC for Category 6.  Provide blocks for the
number of cables terminated on the block, plus 25 percent spare.  Integral
with connector bodies, including plugs and jacks where indicated.

D. Cross-Connect:  Modular array of connecting blocks arranged to terminate
building cables and permit interconnection between cables.

1. Number of Terminals per Field:  One for each conductor in assigned
cables.

E. Patch Panel:  Modular panels housing multiple-numbered jack units with IDC-
type connectors at each jack for permanent termination of pair groups of
installed cables.

1. Number of Jacks per Field:  One for each four-pair conductor group of
indicated cables, plus spares and blank positions adequate to suit
specified expansion criteria.

F. Jacks and Jack Assemblies:  Modular, color-coded, eight-position modular
receptacle units with integral IDC-type terminals.

G. Patch Cords:  Factory-made, 4-pair cables in 48-inch1200-mm lengths;
terminated with 8-position modular plug at each end.
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1. Patch cords shall have bend-relief-compliant boots and color-coded icons
to ensure Category 6 performance.  Patch cords shall have latch guards to
protect against snagging.

2.5 GROUNDING

A. Comply with requirements in Section 26 05 26 "Grounding and Bonding for
Electrical Systems" for grounding conductors and connectors.

B. Comply with ANSI-J-STD-607-A.

2.6 IDENTIFICATION PRODUCTS

A. Comply with TIA/EIA-606-A and UL 969 for a system of labeling materials,
including label stocks, laminating adhesives, and inks used by label printers.

2.7 SOURCE QUALITY CONTROL

A. Factory test cables on reels according to TIA/EIA-568-B.1.

B. Factory test STP cables according to TIA/EIA-568-B.2.

C. Cable will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports.

PART 3 - EXECUTION

3.1 ENTRANCE FACILITIES

A. Coordinate backbone cabling with the protectors and demarcation point
provided by communications service provider.

3.2 WIRING METHODS

A. Wiring Method:  Install cables in raceways and cable trays except within
consoles, cabinets, desks, and counters.

1. Comply with requirements for raceways and boxes specified in
Section 26 05 33 "Raceway and Boxes for Electrical Systems."

B. Wiring within Enclosures:  Bundle, lace, and train cables within enclosures.
Connect to terminal points with no excess and without exceeding
manufacturer's limitations on bending radii.  Provide and use lacing bars and
distribution spools.

3.3 INSTALLATION OF PATHWAYS

A. Cable Trays:  Comply with NEMA VE 2 and TIA/EIA-569-A.

B. Comply with requirements for demarcation point, pathways, cabinets, and
racks specified in Section 27 11 00 "Communications Equipment Room
Fittings." Drawings indicate general arrangement of pathways and fittings.
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C. Comply with TIA/EIA-569-A for pull-box sizing and length of conduit and
number of bends between pull points.

D. Comply with requirements in Section 26 05 33 "Raceway and Boxes for
Electrical Systems" for installation of conduits and wireways.

E. Install manufactured conduit sweeps and long-radius elbows whenever
possible.

F. Pathway Installation in Communications Equipment Rooms:

1. Position conduit ends adjacent to a corner on backboard where a single
piece of plywood is installed, or in the corner of room where multiple
sheets of plywood are installed around perimeter walls of room.

2. Install cable trays to route cables if conduits cannot be located in these
positions.

3. Secure conduits to backboard when entering room from overhead.

4. Extend conduits 3 inches (76 mm) above finished floor.

5. Install metal conduits with grounding bushings and connect with grounding
conductor to grounding system.

G. Backboards:  Install backboards with 96-inch (2440-mm) dimension vertical.
Butt adjacent sheets tightly, and form smooth gap-free corners and joints.

3.4 INSTALLATION OF CABLES

A. All cable terminations to be completed by manufacturer or manufacturer
approved installer.

B. Comply with NECA 1.

C. General Requirements for Cabling:

1. Comply with TIA/EIA-568-B.1.

2. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices."

3. Install 110-style IDC termination hardware unless otherwise indicated.

4. Terminate all conductors; no cable shall contain unterminated elements.
Make terminations only at indicated outlets, terminals, cross-connects,
and patch panels.

5. Cables may not be spliced.  Secure and support cables at intervals not
exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from
cabinets, boxes, fittings, outlets, racks, frames, and terminals.

6. Install lacing bars to restrain cables, to prevent straining connections, and
to prevent bending cables to smaller radii than minimums recommended
by manufacturer.
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7. Bundle, lace, and train conductors to terminal points without exceeding
manufacturer's limitations on bending radii, but not less than radii specified
in BICSI ITSIM, "Cabling Termination Practices" Chapter.  Use lacing bars
and distribution spools.

8. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not
splice cable between termination, tap, or junction points.  Remove and
discard cable if damaged during installation and replace it with new cable.

9. Cold-Weather Installation:  Bring cable to room temperature before de-
reeling.  Heat lamps shall not be used for heating.

10. In the communications equipment room, install a 10-foot- (3-m-) long
service loop on each end of cable.

11. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor
cable pull tensions.

D. STP Cable Installation:

1. Comply with TIA/EIA-568-B.2.

2. Do not untwist STP cables more than 1/2 inch (12 mm) from the point of
termination to maintain cable geometry.

E. Open-Cable Installation:

1. Install cabling with horizontal and vertical cable guides in
telecommunications spaces with terminating hardware and
interconnection equipment.

2. Suspend STP cable not in a wireway or pathway, a minimum of 8 inches
(200 mm) above ceilings by cable supports not more than 60 inches (1524
mm) apart.

3. Cable shall not be run through structural members or in contact with pipes,
ducts, or other potentially damaging items.

F. Group connecting hardware for cables into separate logical fields.

G. Separation from EMI Sources:

1. Comply with BICSI TDMM and TIA/EIA-569-A recommendations for
separating shielded copper voice and data communication cable from
potential EMI sources, including electrical power lines and equipment.

2. Separation between open communications cables or cables in nonmetallic
raceways and shielded power conductors and electrical equipment shall
be as follows:

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 5 inches
(127 mm).

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 12
inches (300 mm).



WHCRWA COMMUNICATIONS BACKBONE

CENTRAL PUMP STATION CABLING

WHCRWA CENTRAL PUMP STATION

COMMUNICATIONS BACKBONE CABLING
27 13 00 - 9 OF 12

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 24
inches (610 mm).

3. Separation between communications cables in grounded metallic
raceways and shielded power lines or electrical equipment shall be as
follows:

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 2-1/2
inches (64 mm).

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6
inches (150 mm).

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 12
inches (300 mm).

4. Separation between communications cables in grounded metallic
raceways and power lines and electrical equipment located in grounded
metallic conduits or enclosures shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA:  No requirement.

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 3
inches (76 mm).

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 6 inches
(150 mm).

5. Separation between Communications Cables and Electrical Motors and
Transformers, 5 kVA or HP and Larger:  A minimum of 48 inches (1200
mm).

6. Separation between Communications Cables and Fluorescent Fixtures:  A
minimum of 5 inches (127 mm).

3.5 FIRESTOPPING

A. Comply with requirements in Section 07 84 00 "Firestopping."

B. Comply with TIA/EIA-569-A, Annex A, "Firestopping."

C. Comply with BICSI TDMM, "Firestopping Systems" Article.

3.6 GROUNDING

A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and
Electrical Protection" Chapter.

B. Comply with ANSI-J-STD-607-A.

C. Locate grounding bus bar to minimize the length of bonding conductors.
Fasten to wall allowing at least 2-inch (50-mm) clearance behind the
grounding bus bar.  Connect grounding bus bar with a minimum No. 4 AWG
grounding electrode conductor from grounding bus bar to suitable electrical
building ground.



COMMUNICATIONS BACKBONE WHCRWA
CABLING CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION

COMMUNICATIONS BACKBONE CABLING
27 13 00 - 10 OF 12

D. Bond metallic equipment to the grounding bus bar, using not smaller than
No. 6 AWG equipment grounding conductor.

3.7 IDENTIFICATION

A. Identify system components, wiring, and cabling complying with TIA/EIA-606-
A.  Comply with requirements for identification specified in Section 10 14 00
"Identification Devices".

1. Administration Class:  2.

2. Color-code cross-connect fields and apply colors to voice and data service
backboards, connections, covers, and labels.

B. Comply with requirements in Section 09 91 10 "Architectural Painting" for
painting backboards.  For fire-resistant plywood, do not paint over
manufacturer's label.

C. Paint and label colors for equipment identification shall comply with TIA/EIA-
606-A for Class 2 level of administration including optional identification
requirements of this standard.

D. Cable Schedule:  Install in a prominent location in each equipment room and
wiring closet.  List incoming and outgoing cables and their designations,
origins, and destinations.  Protect with rigid frame and clear plastic cover.
Furnish an electronic copy of final comprehensive schedules for Project.

E. Cabling Administration Drawings:  Show building floor plans with cabling
administration-point labeling.  Identify labeling convention and show labels for
telecommunications closets, backbone pathways and cables, entrance
pathways and cables, terminal hardware and positions, horizontal cables,
work areas and workstation terminal positions, grounding buses and
pathways, and equipment grounding conductors.

F. Cable and Wire Identification:

1. Label each cable within 4 inches (100 mm) of each termination and tap,
where it is accessible in a cabinet or junction or outlet box, and elsewhere
as indicated.

2. Each wire connected to building-mounted devices is not required to be
numbered at device if color of wire is consistent with associated wire
connected and numbered within panel or cabinet.

3. Exposed Cables and Cables in Cable Trays and Wire Troughs:  Label
each cable at intervals not exceeding 15 feet (4.5 m).

4. Label each terminal strip and screw terminal in each cabinet, rack, or
panel.

a. Individually number wiring conductors connected to terminal strips and
identify each cable or wiring group being extended from a panel or
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cabinet to a building-mounted device with name and number of
particular device as shown.

b. Label each unit and field within distribution racks and frames.

5. Identification within Connector Fields in Equipment Rooms and Wiring
Closets:  Label each connector and each discrete unit of cable-terminating
and connecting hardware.  Where similar jacks and plugs are used for
both voice and data communication cabling, use a different color for jacks
and plugs of each service.

G. Labels shall be preprinted or computer-printed type with printing area and font
color that contrasts with cable jacket color but still complies with requirements
in TIA/EIA 606-A, for the following:

1. Cables use flexible vinyl or polyester that flexes as cables are bent.

3.8 FIELD QUALITY CONTROL

A. Tests and Inspections:

1. Visually inspect STP jacket materials for NRTL certification markings.
Inspect cabling terminations in communications equipment rooms for
compliance with color-coding for pin assignments, and inspect cabling
connections for compliance with TIA/EIA-568-B.1.

2. Visually inspect cable placement, cable termination, grounding and
bonding, equipment and patch cords, and labeling of all components.

3. Test STP copper cabling for DC loop resistance, shorts, opens,
intermittent faults, and polarity between conductors.  Test operation of
shorting bars in connection blocks.  Test cables after termination but not
cross-connection.

B. Data for each measurement shall be documented.  Data for submittals shall
be printed in a summary report that is formatted similar to Table 10.1 in
BICSI TDMM, or transferred from the instrument to the computer, saved as
text files, and printed and submitted.

C. Remove and replace cabling where test results indicate that they do not
comply with specified requirements.

D. Prepare test and inspection reports.

END OF SECTION
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SECTION 2713 23

COMMUNICATIONS OPTICAL FIBER BACKBONE CABLING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to
this Section.

1.2 SUMMARY

A. Section Includes:

1. Backboards.

2. 62.5/125-micrometer, multimode, optical fiber cable (OM1).

3. 50/125 micrometer, multimode, optical fiber cable (OM2).

4. 850 nanometer laser-optimized 50/125 micrometer multimode optical fiber
cable (OM3).

5. 850 nanometer laser-optimized 50/125 micrometer multimode optical fiber
cable (OM4).

6. 9/125 micrometer single-mode, indoor-outdoor optical fiber cable (OS1).

7. 9/125 micrometer single-mode, indoor-outdoor optical fiber cable (OS2).

8. 9/125 micrometer single-mode, inside plant optical fiber cable (OS1).

9. 9/125 micrometer single-mode, inside plant optical fiber cable (OS2).

10. 9/125 micrometer single-mode, outside plant optical fiber cable (OS1).

11. 9/125 micrometer single-mode, outside plant optical fiber cable (OS2).

12. Optical fiber cable connecting hardware, patch panels, and cross-
connects.

13. Cabling identification products.

1.3 DEFINITIONS

A. BICSI: Building Industry Consulting Service International.

B. Cross-Connect: A facility enabling the termination of cable elements and their
interconnection or cross-connection.

C. IDC: Insulation displacement connector.

D. LAN: Local area network.
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E. RCDD: Registered Communications Distribution Designer.

1.4 OPTICAL FIBER BACKBONE CABLING DESCRIPTION

A. Optical fiber backbone cabling system shall provide interconnections between
communications equipment rooms, main terminal space, and entrance
facilities in the telecommunications cabling system structure. Cabling system
consists of backbone cables, intermediate and main cross-connects,
mechanical terminations, and patch cords or jumpers used for backbone-to-
backbone cross-connection.

B. Backbone cabling cross-connects may be located in communications
equipment rooms or at entrance facilities. Bridged taps and splitters shall not
be used as part of backbone cabling.

1.5 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings: Reviewed and stamped by RCDD.

1. System Labeling Schedules: Electronic copy of labeling schedules, in
software and format selected by Owner.

2. System Labeling Schedules: Electronic copy of labeling schedules that are
part of the cabling and asset identification system of the software.

3. Cabling administration drawings and printouts.

4. Wiring diagrams to show typical wiring schematics including the following:

a. Telecommunications rooms plans and elevations.

b. Telecommunications pathways.

c. Telecommunications system access points.

d. Telecommunications grounding system.

e. Cross-connects.

f. Patch panels.

g. Patch cords.

5. Cross-connects and patch panels. Detail mounting assemblies, and show
elevations and physical relationship between the installed components.

C. Fiber optic cable testing plan.

1.6 INFORMATION SUBMITTALS

A. Qualification Data: For RCDD,  installation supervisor, and field inspector.

B. Field quality-control reports.
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1.7 CLOSEOUT SUBMITTALS

A. Software and Firmware Operational Documentation:

1. Software operating and upgrade manuals.

2. Program Software Backup: On USB media or compact disk, complete with
data files.

3. Device address list.

4. Printout of software application and graphic screens.

B. Maintenance Data: For optical fiber cable, splices, and connectors to include
in maintenance manuals.

1.8 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged
with protective covering for storage and identified with labels describing
contents.

1. Patch-Panel Units: One of each type.

2. Plugs: Ten of each type.

3. Jacks: Ten of each type.

1.9 QUALITY ASSURANCE

A. Installer Qualifications: Cabling Installer must have personnel certified by
BICSI on staff.

1. Layout Responsibility: Preparation of Shop Drawings, Cabling
Administration Drawings, and field testing program development by an
RCDD.

2. Installation Supervision: Installation shall be under the direct supervision
of Registered Technician, who shall be present at all times when Work of
this Section is performed at Project site.

1.10 DELIVERY, STORAGE, AND HANDLING

A. Test cables upon receipt at Project site.

1. Test optical fiber cable while on reels. Use an optical time domain
reflectometer to verify the cable length and locate cable defects, splices,
and connector, including the loss value of each. Retain test data and
include the record in maintenance data.

1.11 PROJECT CONDITIONS

A. Environmental Limitations: Do not deliver or install cables and connecting
materials until wet work in spaces is complete and dry, and temporary HVAC
system is operating and maintaining ambient temperature and humidity
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conditions at occupancy levels during the remainder of the construction
period.

1.12 COORDINATION

A. Coordinate layout and installation of telecommunications pathways and
cabling with Owner's telecommunications and LAN equipment and service
suppliers.

1.13 SOFTWARE SERVICE AGREEMENT

A. Technical Support: Beginning with Substantial Completion, provide software
support for two years.

B. Upgrade Service: Update software to latest version at Project completion.
Install and program software upgrades that become available within two years
from date of Substantial Completion. Upgrading software shall include
operating system. Upgrade shall include new or revised licenses for use of
software.

1. Provide 30 days' notice to Owner to allow scheduling and access to
system and to allow Owner to upgrade computer equipment if necessary.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. General Performance: Backbone cabling system shall comply with
transmission standards in TIA-568-C.1, when tested according to test
procedures of this standard.

B. Surface-Burning Characteristics: As determined by testing identical products
according to ASTM E 84 by a qualified testing agency. Identify products with
appropriate markings of applicable testing agency.

1. Flame-Spread Index: 25 or less.

2. Smoke-Developed Index: 50 or less.

C. Telecommunications Pathways and Spaces: Comply with TIA-569-D.

D. Grounding: Comply with TIA-607-B.

2.2 BACKBOARDS

A. Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by
1220 by 2440 mm). Comply with requirements in Section 061000 "Rough
Carpentry" for plywood backing panels.



WHCRWA COMMUNICATIONS OPTICAL FIBER

CENTRAL PUMP STATION BACKBONE CABLING

WHCRWA CENTRAL PUMP STATION

COMMUNICATIONS OPTICAL FIBER BACKBONE CABLING
27 13 23 - 5 OF 16

2.3 62.5/125-MICROMETER, MULTIMODE, OPTICAL FIBER CABLE (OM1)

A. Description: Multimode, 62.5/125-micrometer, 24-fiber, tight buffer, optical
fiber cable.

B. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project include, but are not limited
to, the following:

1. Belden CDT Networking Division

2. General Cable

3. Hitachi Cable America Inc.

C. Conductive cable shall be aluminum armored type.

D. Maximum Attenuation: 3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm.

E. Minimum Overfilled Modal Bandwidth-length Product: 200 MHz-km at 850
nm; 500 MHz-km at 1300 nm.

F. Jacket:

1. Jacket Color: Orange.

2. Cable cordage jacket, fiber, unit, and group color shall be according to
TIA-598-D.

3. Imprinted with fiber count, fiber type, and aggregate length at regular
intervals not to exceed 40 inches (1000 mm).

G. Comply with ICEA S-83-596 for mechanical properties.

H. Comply with TIA-568-C.3 for performance specifications.

I. Comply with TIA-492AAAA for detailed specifications.

J. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as
complying with UL 444, UL 1651, and NFPA 70 for the following types:

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262;
Type OFNP in listed plenum communications raceway; or Type OFNP, or
Type OFNR in metallic conduit.

2. Riser Rated, Nonconductive: Type OFNP or Type OFNR in listed riser or
plenum communications raceway.

3. Plenum Rated, Conductive: Type OFCP or Type OFNP in listed plenum
communications raceway.

4. Riser Rated, Conductive: Type OFCP, Type OFNP, or Type OFCR or
Type OFNP in listed riser or plenum communications raceway.

2.4 50/125 MICROMETER, MULTIMODE, OPTICAL FIBER CABLE (OM2)

A. Description: Multimode, 50/125-micrometer, 24-fiber, tight buffer, optical fiber
cable.
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B. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project include, but are not limited
to, the following:

1. Belden CDT Networking Division

2. General Cable

3. Hitachi Cable America Inc.

C. Conductive cable shall be aluminum armored type.

D. Maximum Attenuation: 3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm.

E. Minimum Overfilled Modal Bandwidth-length Product: 500 MHz-km at 850
nm; 500 MHz-km at 1300 nm.

F. Jacket:

1. Jacket Color: Orange.

2. Cable cordage jacket, fiber, unit, and group color shall be according to
TIA-598-D.

3. Imprinted with fiber count, fiber type, and aggregate length at regular
intervals not to exceed 40 inches (1000 mm).

G. Comply with ICEA S-83-596 for mechanical properties.

H. Comply with TIA-568-C.3 for performance specifications.

I. Comply with TIA-492AAAB for detailed specifications.

J. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as
complying with UL 444, UL 1651, and NFPA 70 for the following types:

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262;
Type OFNP in listed plenum communications raceway; or Type OFNP, or
Type OFNR in metallic conduit.

2. Riser Rated, Nonconductive: Type OFNP or Type OFNR in listed riser or
plenum communications raceway.

3. Plenum Rated, Conductive: Type OFCP or Type OFNP in listed plenum
communications raceway.

4. Riser Rated, Conductive: Type OFCP, Type OFNP, or Type OFCR or
Type OFNP in listed riser or plenum communications raceway.

2.5 850 NANOMETER LASER-OPTIMIZED, 50/125 MICROMETER, MULTIMODE
OPTICAL FIBER CABLE (OM3)

A. Description: Multimode, 50/125-micrometer, 24 tight buffer, optical fiber cable.

B. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project include, but are not limited
to, the following:
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1. Belden CDT Networking Division

2. General Cable

3. Hitachi Cable America Inc.

C. Conductive cable shall be aluminum armored type.

D. Maximum Attenuation: 3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm.

E. Minimum Overfilled Modal Bandwidth-length Product: 1500 MHz-km at 850
nm; 500 MHz-km at 1300 nm.

F. Minimum Effective Modal Bandwidth-length Product: 2000 MHz-km at 850
nm.

G. Jacket:

1. Jacket Color: Aqua.

2. Cable cordage jacket, fiber, unit, and group color shall be according to
TIA-598-D.

3. Imprinted with fiber count, fiber type, and aggregate length at regular
intervals not to exceed 40 inches (1000 mm).

H. Comply with ICEA S-83-596 for mechanical properties.

I. Comply with ICEA S-87-640 for mechanical properties.

J. Comply with TIA-568-C.3 for performance specifications.

K. Comply with TIA-492AAAC for detailed specifications.

L. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as
complying with UL 444, UL 1651, and NFPA 70 for the following types:

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262;
Type OFNP in listed plenum communications raceway; or Type OFNP, or
Type OFNR in metallic conduit.

2. Riser Rated, Nonconductive: Type OFNP or Type OFNR in listed riser or
plenum communications raceway.

3. Plenum Rated, Conductive: Type OFCP or Type OFNP in listed plenum
communications raceway.

4. Riser Rated, Conductive: Type OFCP, Type OFNP, or Type OFCR or
Type OFNP in listed riser or plenum communications raceway.

5. Riser Rated, Conductive: Type OFCP, Type OFNP, Type OFCR, or
Type OFNR in metallic conduit.

2.6 850 NANOMETER LASER-OPTIMIZED, 50/125 MICROMETER, MULTIMODE

OPTICAL FIBER CABLE (OM4)

A. Description: Multimode, 50/125-micrometer, 24-fiber, tight buffer, optical fiber
cable.
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B. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project include, but are not limited
to, the following:

1. Belden CDT Networking Division

2. General Cable

3. Hitachi Cable America Inc.

C. Conductive cable shall be aluminum armored type.

D. Maximum Attenuation: 3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm.

E. Minimum Overfilled Modal Bandwidth-length Product: 3500 MHz-km at 850
nm; 500 MHz-km at 1300 nm.

F. Minimum Effective Modal Bandwidth-length Product: 4700 MHz-km at 850
nm.

G. Jacket:

1. Jacket Color: Aqua.

2. Cable cordage jacket, fiber, unit, and group color shall be according to
TIA-598-D.

3. Imprinted with fiber count, fiber type, and aggregate length at regular
intervals not to exceed 40 inches (1000 mm).

H. Comply with ICEA S-83-596 for mechanical properties.

I. Comply with ICEA S-87-640 for mechanical properties.

J. Comply with TIA-568-C.3 for performance specifications.

K. Comply with TIA-492AAAD for detailed specifications.

L. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as
complying with UL 444, UL 1651, and NFPA 70 for the following types:

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262;
Type OFNP in listed plenum communications raceway; or Type OFN,
Type OFNG, Type OFNP, or Type OFNR in metallic conduit.

2. Riser Rated, Nonconductive: Type OFNP or Type OFNR in listed riser or
plenum communications raceway.

3. Plenum Rated, Conductive: Type OFCP or Type OFNP in listed plenum
communications raceway.

4. Riser Rated, Conductive: Type OFCP, Type OFNP, or Type OFCR or
Type OFNP in listed riser or plenum communications raceway.
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2.7 9/125 MICROMETER SINGLE-MODE, INDOOR-OUTDOOR OPTICAL FIBER

CABLE (OSI)

A. Description: Single mode, 9/125-micrometer, 48 fibers, stranded loose tube,
armored optical fiber cable.

B. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project include, but are not limited
to, the following:

1. Belden CDT Networking Division

2. General Cable

3. Hitachi Cable America Inc.

C. Conductive cable shall be aluminum armored type.

D. Maximum Attenuation: 0.5 dB/km at 1310 nm; 0.5 dB/km at 1550 nm.

E. Jacket:

1. Jacket Color: Yellow.

2. Cable cordage jacket, fiber, unit, and group color shall be according to
TIA-598-D.

3. Imprinted with fiber count, fiber type, and aggregate length at regular
intervals not to exceed 40 inches (1000 mm).

F. Comply with TIA-492CAAA for detailed specifications.

G. Comply with TIA-568-C.3 for performance specifications.

H. Comply with ICEA S-104-696 for mechanical properties.

I. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as
complying with UL 444, UL 1651, and NFPA 70 for the following types:

1. Plenum Rated, Nonconductive: Type OFNP, or Type OFNR in metallic
conduit.

2. Riser Rated, Nonconductive: Type OFNP or Type OFNR in listed riser or
plenum communications raceway.

3. Plenum Rated, Conductive: Type OFCP or Type OFNP in listed plenum
communications raceway.

4. Riser Rated, Conductive: Type OFCP, Type OFNP, or Type OFCR or
Type OFNP in listed riser or plenum communications raceway.

2.8 OPTICAL FIBER CABLE HARDWARE

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed in project include, but are not limited
to, the following:

1. Belden CDT Networking Division
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2. Hubbell Premise Wiring

3. Optical Cable Corporation

B. Cross-Connects and Patch Panels: Modular panels housing multiple-
numbered, duplex cable connectors.

1. Number of Connectors per Field: One for each fiber of cable or cables
assigned to field, plus spares and blank positions adequate to suit
specified expansion criteria.

C. Patch Cords: Factory-made, dual-fiber cables in 36-inch (900-mm) lengths.

D. Cable Connecting Hardware:

1. Comply with Optical Fiber Connector Intermateability Standards (FOCIS)
specifications of TIA-604-2-B for Type ST connectors, TIA-604-3-B for
Type SC connectors, TIA-604-10-B for Type LC connectors, TIA/EIA-604-
12 for Type MT-RJ connectors, and TIA-604-5-D for Type MPO
connectors. Comply with TIA-568-C.3.

2. Quick-connect, simplex and duplex, Type LC connectors. Insertion loss
not more than 0.25 dB.

2.9 GROUNDING

A. Comply with requirements in Section 270526 "Grounding and Bonding for
Communications Systems" for grounding conductors and connectors.

B. Comply with TIA-607-B.

2.10 IDENTIFICATION PRODUCTS

A. Comply with TIA-606-B and UL 969 for a system of labeling materials,
including label stocks, laminating adhesives, and inks used by label printers.

2.11 SOURCE QUALITY CONTROL

A. Factory test multimode optical fiber cables according to TIA-526-14-B and
TIA-568-C.3.

B. Factory test pre-terminated optical fiber cable assemblies according to TIA-
526-14-B and TIA-568-C.3.

C. Cable will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports.
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PART 3 - EXECUTION

3.1 ENTRANCE FACILITIES

A. Coordinate backbone cabling with the protectors and demarcation point
provided by communications service provider.

3.2 WIRING METHODS

A. Wiring Method: Install cables in raceways and cable trays except within
consoles, cabinets, desks, and counters. Conceal raceway and cables except in
unfinished spaces.

1. Install plenum cable in environmental air spaces, including plenum
ceilings.

2. Comply with requirements for pathways specified in Section 270528
"Pathways for Communications Systems."

B. Wiring within Enclosures: Bundle, lace, and train cables within enclosures.
Connect to terminal points with no excess and without exceeding
manufacturer's limitations on bending radii. Provide and use lacing bars and
distribution spools.

3.3 INSTALLATION OF OPTICAL FIBER BACKBONE CABLES

A. All cable terminations to be completed by manufacturer or manufacturer
approved installer.

B. Comply with NECA 301.

C. General Requirements for Cabling:

1. Comply with TIA-568-C.1 and TIA-568-C.3.

2. Comply with BICSI ITSIMM, Ch. 6, "Cable Termination Practices."

3. Terminate all cables; no cable shall contain unterminated elements. Make
terminations only at indicated outlets, terminals, cross-connects, and
patch panels.

4. Cables may not be spliced. Secure and support cables at intervals not
exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from
cabinets, boxes, fittings, outlets, racks, frames, and terminals.

5. Install lacing bars to restrain cables, to prevent straining connections, and
to prevent bending cables to smaller radii than minimums recommended
by manufacturer.

6. Bundle, lace, and train cable to terminal points without exceeding
manufacturer's limitations on bending radii, but not less than radii specified
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in BICSI ITSIMM, "Cabling Termination Practices" Chapter. Use lacing
bars and distribution spools.

7. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not
splice cable between termination, tap, or junction points. Remove and
discard cable if damaged during installation and replace it with new cable.

8. Cold-Weather Installation: Bring cable to room temperature before
dereeling. Heat lamps shall not be used for heating.

9. In the communications equipment room, install a 10-foot- (3-m-) long
service loop on each end of cable.

10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 4, "Pulling Cable." Monitor
cable pull tensions.

11. Cable may be terminated on connecting hardware that is rack or cabinet
mounted.

D. Open-Cable Installation:

1. Install cabling with horizontal and vertical cable guides in
telecommunications spaces with terminating hardware and
interconnection equipment.

2. Cable shall not be run through structural members or in contact with pipes,
ducts, or other potentially damaging items.

E. Group connecting hardware for cables into separate logical fields.

3.4 FIRESTOPPING

A. Comply with requirements in Section 078400 "Firestopping."

B. Comply with TIA-569-D, Annex A, "Firestopping."

C. Comply with BICSI TDMM, "Firestopping Systems" Article.

3.5 GROUNDING

A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and
Electrical Protection" Chapter.

B. Comply with TIA-607-B and NECA/BICSI-607.

C. Locate grounding bus bar to minimize the length of bonding conductors.
Fasten to wall allowing at least 2-inch (50-mm) clearance behind the
grounding bus bar. Connect grounding bus bar with a minimum No. 4 AWG
grounding electrode conductor from grounding bus bar to suitable electrical
building ground.

D. Bond metallic equipment to the grounding bus bar, using not smaller than
No. 6 AWG equipment grounding conductor.
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3.6 IDENTIFICATION

A. Identify system components, wiring, and cabling complying with TIA-606-B.
Comply with requirements for identification specified in Section 10 14 00
"Identification Devices".

1. Administration Class: Class 3.

2. Color-code cross-connect fields and apply colors to voice and data service
backboards, connections, covers, and labels.

B. Comply with requirements in Section 099110 "Architectural Painting" for
painting backboards. For fire-resistant plywood, do not paint over
manufacturer's label.

C. Paint and label colors for equipment identification shall comply with TIA-606-B
for Class 3 level of administration including optional identification
requirements of this standard.

D. Comply with requirements in Section 271523 "Communications Optical Fiber
Horizontal Cabling" for cable and asset management software.

E. Cable Schedule: Install in a prominent location in each equipment room and
wiring closet. List incoming and outgoing cables and their designations,
origins, and destinations. Protect with rigid frame and clear plastic cover.
Furnish an electronic copy of final comprehensive schedules for Project.

F. Cabling Administration Drawings: Show building floor plans with cabling
administration-point labeling. Identify labeling convention and show labels for
telecommunications closets, backbone pathways and cables, entrance
pathways and cables, terminal hardware and positions, horizontal cables,
work areas and workstation terminal positions, grounding buses and
pathways, and equipment grounding conductors.

G. Cable and Wire Identification:

1. Label each cable within 4 inches (100 mm) of each termination and tap,
where it is accessible in a cabinet or junction or outlet box, and elsewhere
as indicated.

2. Each wire connected to building-mounted devices is not required to be
numbered at device if color of wire is consistent with associated wire
connected and numbered within panel or cabinet.

3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label
each cable at intervals not exceeding 15 feet (4.5 m).

4. Label each unit and field within distribution racks and frames.

5. Identification within Connector Fields in Equipment Rooms and Wiring
Closets: Label each connector and each discrete unit of cable-terminating
and connecting hardware. Where similar jacks and plugs are used for both
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voice and data communication cabling, use a different color for jacks and
plugs of each service.

H. Labels shall be preprinted or computer-printed type with printing area and font
color that contrasts with cable jacket color but still complies with requirements
in TIA 606-B, for the following:

1. Cables use flexible vinyl or polyester that flexes as cables are bent.

3.7 FIELD QUALITY CONTROL

A. Perform tests and inspections with the assistance of a factory-authorized
service representative.

B. Tests and Inspections:

1. Visually inspect optical fiber jacket materials for NRTL certification
markings. Inspect cabling terminations in communications equipment
rooms for compliance with color-coding for pin assignments, and inspect
cabling connections for compliance with TIA-568-C.1.

2. Visually inspect cable placement, cable termination, grounding and
bonding, equipment and patch cords, and labeling of all components.

3. Optical Fiber Cable Tests:

a. Test instruments shall meet or exceed applicable requirements in
TIA-568-C.1. Use only test cords and adapters that are qualified by
test equipment manufacturer for channel or link test configuration.

b. Link End-to-End Attenuation Tests:

1) Horizontal and multimode backbone link measurements: Test at
850 or 1300 nm in one direction according to TIA-526-14-B,
Method B, One Reference Jumper.

2) Attenuation test results for backbone links shall be less than 2.0 dB.
Attenuation test results shall be less than those calculated
according to equation in TIA-568-C.1.

C. Data for each measurement shall be documented. Data for submittals shall
be printed in a summary report that is formatted similar to Table 10.1 in
BICSI TDMM, or transferred from the instrument to the computer, saved as
text files, and printed and submitted.

D. Remove and replace cabling where test results indicate that it does not
comply with specified requirements, then re-test until compliance is reached.

E. End-to-end cabling will be considered defective if it does not pass tests and
inspections.

F. Prepare test and inspection reports.

END OF SECTION
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SECTION 27 15 00

COMMUNICATIONS HORIZONTAL CABLING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. STP cabling.

2. Multiuser telecommunications outlet assemblies.

3. Cable connecting hardware, patch panels, and cross-connects.

4. Telecommunications outlet/connectors.

5. Cabling system identification products.

B. Related Requirements:

1. Section 27 13 00 "Communications Backbone Cabling" for voice and data
cabling associated with system panels and devices.

2. Section 28 05 13 "Conductors and Cables for Electronic Safety and
Security" for voice and data cabling associated with system panels and
devices.

1.2 ADMINISTRATIVE REQUIREMENTS

A. Coordinate layout and installation of telecommunications cabling with Owner's
telecommunications and LAN equipment and service suppliers.

B. Coordinate telecommunications outlet/connector locations with location of
power receptacles at each work area.

1.3 ACTION SUBMITTALS

A. Product Data:  For each type of product.

B. Shop Drawings:

1. System Labeling Schedules:  Electronic copy of labeling schedules that
are part of the cabling and asset identification system of the software.

2. Wiring diagrams to show typical wiring schematics, including the following:

a. Cross-connects.

b. Patch panels.

c. Patch cords.
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3. Cross-connects and patch panels.  Detail mounting assemblies, and show
elevations and physical relationship between the installed components.

1.4 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For qualified layout technician, installation supervisor, and
field inspector.

B. Source quality-control reports.

C. Field quality-control reports.

1.5 CLOSEOUT SUBMITTALS

A. Maintenance data.

1.6 QUALITY ASSURANCE

A. Installer Qualifications:  Cabling Installer must have personnel certified by
BICSI on staff.

1. Layout Responsibility:  Preparation of Shop Drawings Cabling
Administration Drawings, and field testing program development by an
RCDD.

2. Installation Supervision:  Installation shall be under the direct supervision
of Level 2 Installer, who shall be present at all times when Work of this
Section is performed at Project site.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Test cables upon receipt at Project site.  Test each pair of STP cable for open
and short circuits.

PART 2 - PRODUCTS

2.1 HORIZONTAL CABLING DESCRIPTION

A. Horizontal cable and its connecting hardware provide the means of
transporting signals between the telecommunications outlet/connector and
the horizontal cross-connect located in the communications equipment room.
This cabling and its connecting hardware are called a "permanent link," a
term that is used in the testing protocols.

1. TIA/EIA-568-B.1 requires that a minimum of two telecommunications
outlet/connectors be installed for each work area.

2. Horizontal cabling shall contain no more than one transition point or
consolidation point between the horizontal cross-connect and the
telecommunications outlet/connector.

3. Bridged taps and splices shall not be installed in the horizontal cabling.
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2.2 PERFORMANCE REQUIREMENTS

A. General Performance:  Horizontal cabling system shall comply with
transmission standards in TIA/EIA-568-B.1 when tested according to test
procedures of this standard.

B. Surface-Burning Characteristics:  Comply with ASTM E 84; testing by a
qualified testing agency.  Identify products with appropriate markings of
applicable testing agency.

1. Flame-Spread Index:  25 or less.

2. Smoke-Developed Index:  450 or less.

C. Electrical Components, Devices, and Accessories:  Listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended
location and application.

D. Grounding:  Comply with J-STD-607-A.

2.3 BACKBOARDS

A. Backboards:  Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by
1220 by 2440 mm).  Comply with requirements in Section 06 10 00 "Rough
Carpentry" for plywood backing panels.

2.4 STP CABLE

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. ADC.

2. Belden Inc.

3. Berk-Tek; a Nexans company.

4. CommScope, Inc.

5. Draka Cableteq USA.

6. Genesis Cable Products; Honeywell International, Inc.

7. Mohawk; a division of Belden Networking, Inc.

8. Superior Essex Inc.

9. SYSTIMAX Solutions; a CommScope, Inc. brand.

10. 3M Communication Markets Division.

11. Tyco Electronics Corporation; AMP Products.

B. Description:  100-ohm, four-pair STP, formed into 25-pair, binder groups
covered with a blue thermoplastic jacket.

1. Comply with ICEA S-90-661 for mechanical properties.
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2. Comply with TIA/EIA-568-B.1 for performance specifications.

3. Comply with TIA/EIA-568-B.2, Category 6.

4. Listed and labeled by an NRTL acceptable to authorities having
jurisdiction as complying with UL 444 and NFPA 70 for the following types:

a. Communications, General Purpose:  Type CM or CMG; or MPP, CMP,
MPR, CMR, MP, or MPG.

b. Communications, Plenum Rated:  Type CMP or MPP, complying with
NFPA 262.

c. Communications, Riser Rated:  Type CMR; or MPP, CMP, or MPR,
complying with UL 1666.

d. Communications, Limited Purpose:  Type CMX; or MPP, CMP, MPR,
CMR, MP, MPG, CM, or CMG.

e. Multipurpose:  Type MP or MPG; or MPP or MPR.

f. Multipurpose, Plenum Rated:  Type MPP, complying with NFPA 262.

g. Multipurpose, Riser Rated:  Type MPR or MPP, complying with
UL 1666.

2.5 STP CABLE HARDWARE

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. ADC.

2. American Technology Systems Industries, Inc.

3. Belden Inc.

4. Dynacom Inc.

5. Hubbell Premise Wiring.

6. Leviton Commercial Networks Division.

7. Molex Premise Networks; a division of Molex, Inc.

8. Panduit Corp.

9. Siemon Co. (The).

10. Tyco Electronics Corporation; AMP Products.

B. General Requirements for Cable Connecting Hardware:  Comply with
TIA/EIA-568-B.2, IDC type, with modules designed for punch-down caps or
tools.  Cables shall be terminated with connecting hardware of same category
or higher.
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C. Connecting Blocks:  110-style IDC for Category 6.  Provide blocks for the
number of cables terminated on the block, plus 25 percent spare.  Integral
with connector bodies, including plugs and jacks where indicated.

D. Cross-Connect:  Modular array of connecting blocks arranged to terminate
building cables and permit interconnection between cables.

1. Number of Terminals per Field:  One for each conductor in assigned
cables.

E. Patch Panel:  Modular panels housing multiple-numbered jack units with IDC-
type connectors at each jack for permanent termination of pair groups of
installed cables.

1. Number of Jacks per Field:  One for each four-pair conductor group of
indicated cables, plus spares and blank positions adequate to suit
specified expansion criteria.

F. Jacks and Jack Assemblies:  Modular, color-coded, eight-position modular
receptacle units with integral IDC-type terminals.

G. Patch Cords:  Factory-made, four-pair cables in 48-inch (1200-mm) lengths;
terminated with eight-position modular plug at each end.

1. Patch cords shall have bend-relief-compliant boots and color-coded icons
to ensure Category 6 performance.  Patch cords shall have latch guards to
protect against snagging.

2.6 CONSOLIDATION POINTS

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. American Technology Systems Industries, Inc.

2. Belden Inc.

3. Chatsworth Products, Inc.

4. Dynacom Inc.

5. Hubbell Premise Wiring.

6. Molex Premise Networks; a division of Molex, Inc.

7. Ortronics, Inc.; a subsidiary of Legrand Group.

8. Panduit Corp.

9. Siemon Co. (The).

B. Description:  Consolidation points shall comply with requirements for cable
connecting hardware.
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1. Number of Terminals per Field:  One for each conductor in assigned
cables.

2. Number of Connectors per Field:

a. One for each four-pair STP cable indicated.

b. One for each four-pair conductor group of indicated cables, plus 25
percent spare positions.

3. Mounting:  Wall.

4. NRTL listed as complying with UL 50 and UL 1863.

5. When installed in plenums used for environmental air, NRTL listed as
complying with UL 2043.

2.7 MULTIUSER TELECOMMUNICATIONS OUTLET ASSEMBLY (MUTOA)

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. Belden Inc.

2. Chatsworth Products, Inc.

3. Hubbell Premise Wiring.

4. Molex Premise Networks; a division of Molex, Inc.

5. Ortronics, Inc.; a subsidiary of Legrand Group.

6. Panduit Corp.

7. Siemon Co. (The).

B. Description:  MUTOAs shall meet the requirements for cable connecting
hardware.

1. Number of Terminals per Field:  One for each conductor in assigned
cables.

2. Number of Connectors per Field:

a. One  for each four-pair STP cable indicated.

b. One for each four-pair conductor group of indicated cables, plus 25
percent spare positions.

3. Mounting:  Wall.

4. NRTL listed as complying with UL 50 and UL 1863.

5. Label shall include maximum length of work area cords, based on
TIA/EIA-568-B.1.

6. When installed in plenums used for environmental air, NRTL listed as
complying with UL 2043.
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2.8 TELECOMMUNICATIONS OUTLET/CONNECTORS

A. Jacks:  100-ohm, balanced, twisted-pair connector; four-pair, eight-position
modular.  Comply with TIA/EIA-568-B.1.

B. Workstation Outlets:  Two-port-connector assemblies mounted in single
faceplate.

1. Metal Faceplate:  Stainless steel, complying with requirements in
Section 26 27 26 "Wiring Devices."

2. For use with snap-in jacks accommodating any combination of STP work
area cords.

a. Flush mounting jacks, positioning the cord at a 45-degree angle.

3. Legend:  Machine printed, in the field, using adhesive-tape label.

2.9 GROUNDING

A. Comply with requirements in Section 26 05 26 "Grounding" for grounding
conductors and connectors.

B. Comply with J-STD-607-A.

2.10 IDENTIFICATION PRODUCTS

A. Comply with TIA/EIA-606-A and UL 969 for labeling materials, including label
stocks, laminating adhesives, and inks used by label printers.

B. Comply with requirements in Section 10 14 00 "Identification Devices".

2.11 SOURCE QUALITY CONTROL

A. Factory test STP cables on reels according to TIA/EIA-568-B.1.

B. Factory test STP cables according to TIA/EIA-568-B.2.

C. Cable will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports.

PART 3 - EXECUTION

3.1 ENTRANCE FACILITIES

A. Coordinate backbone cabling with the protectors and demarcation point
provided by communications service provider.

3.2 WIRING METHODS

A. Install cables in pathways and cable trays except within consoles, cabinets,
desks, and counters.  Conceal pathways and cables except in unfinished
spaces.
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1. Comply with requirements in Section 27 05 28 "Pathways for
Communications Systems."

2. Comply with requirements in Section 27 05 36 "Cable Trays for
Communications Systems."

B. Wiring within Enclosures:

1. Bundle, lace, and train conductors to terminal points with no excess and
without exceeding manufacturer's limitations on bending radii.

2. Install lacing bars and distribution spools.

3. Install conductors parallel with or at right angles to sides and back of
enclosure.

4. When pulling cabling to outlets, provide minimum 12” of coiling cable at
drop.

3.3 INSTALLATION OF CABLES

A. All cable terminations to be completed by manufacturer or manufacturer
approved installer.

B. Comply with NECA 1.

C. General Requirements for Cabling:

1. Comply with TIA/EIA-568-B.1.

2. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices."

3. Install 110-style IDC termination hardware unless otherwise indicated.

4. MUTOA shall not be used as a cross-connect point.

5. Consolidation points may be used only for making a direct connection to
telecommunications outlet/connectors:

a. Do not use consolidation point as a cross-connect point, as a patch
connection, or for direct connection to workstation equipment.

b. Locate consolidation points for STP at least 49 feet (15 m) from
communications equipment room.

6. Terminate conductors; no cable shall contain unterminated elements.
Make terminations only at indicated outlets, terminals, cross-connects,
and patch panels.

7. Cables may not be spliced.  Secure and support cables at intervals not
exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from
cabinets, boxes, fittings, outlets, racks, frames, and terminals.

8. Install lacing bars to restrain cables, to prevent straining connections, and
to prevent bending cables to smaller radii than minimums recommended
by manufacturer.



WHCRWA COMMUNICATIONS HORIZONTAL

CENTRAL PUMP STATION CABLING

WHCRWA CENTRAL PUMP STATION

COMMUNICATIONS HORIZONTAL CABLING
27 15 00 - 9 OF 14

9. Bundle, lace, and train conductors to terminal points without exceeding
manufacturer's limitations on bending radii, but not less than radii specified
in BICSI ITSIM, "Cabling Termination Practices" Chapter.  Install lacing
bars and distribution spools.

10. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not
splice cable between termination, tap, or junction points.  Remove and
discard cable if damaged during installation and replace it with new cable.

11. Cold-Weather Installation:  Bring cable to room temperature before
dereeling.  Heat lamps shall not be used for heating.

12. In the communications equipment room, install a 10-foot- (3-m-) long
service loop on each end of cable.

13. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor
cable pull tensions.

D. STP Cable Installation:

1. Comply with TIA/EIA-568-B.2.

2. Do not untwist STP cables more than 1/2 inch (12 mm) from the point of
termination to maintain cable geometry.

E. Open-Cable Installation:

1. Install cabling with horizontal and vertical cable guides in
telecommunications spaces with terminating hardware and
interconnection equipment.

2. Suspend STP cable not in a wireway or pathway a minimum of 8 inches
(200 mm) above ceilings by cable supports not more than 60 inches (1524
mm) apart.

3. Cable shall not be run through structural members or in contact with pipes,
ducts, or other potentially damaging items.

F. Group connecting hardware for cables into separate logical fields.

G. Separation from EMI Sources:

1. Comply with BICSI TDMM and TIA-569-B for separating shielded copper
voice and data communication cable from potential EMI sources, including
electrical power lines and equipment.

2. Separation between open communications cables or cables in nonmetallic
raceways and shielded power conductors and electrical equipment shall
be as follows:

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 5 inches
(127 mm).

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 12
inches (300 mm).
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c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 24
inches (610 mm).

3. Separation between communications cables in grounded metallic
raceways and shielded power lines or electrical equipment shall be as
follows:

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 2-1/2
inches (64 mm).

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6
inches (150 mm).

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 12
inches (300 mm).

4. Separation between communications cables in grounded metallic
raceways and power lines and electrical equipment located in grounded
metallic conduits or enclosures shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA:  No requirement.

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 3
inches (76 mm).

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 6 inches
(150 mm).

5. Separation between Communications Cables and Electrical Motors and
Transformers, 5 kVA or HP and Larger:  A minimum of 48 inches (1200
mm).

6. Separation between Communications Cables and Fluorescent Fixtures:  A
minimum of 5 inches (127 mm).

3.4 FIRESTOPPING

A. Comply with requirements in Section 07 84 00 "Firestopping."

B. Comply with TIA-569-B, Annex A, "Firestopping."

C. Comply with BICSI TDMM, "Firestopping Systems" Article.

3.5 GROUNDING

A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and
Electrical Protection" Chapter.

B. Comply with J-STD-607-A.

C. Locate grounding bus bar to minimize the length of bonding conductors.
Fasten to wall allowing at least 2-inch (50-mm) clearance behind the
grounding bus bar.  Connect grounding bus bar with a minimum No. 4 AWG
grounding electrode conductor from grounding bus bar to suitable electrical
building ground.
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D. Bond metallic equipment to the grounding bus bar, using not smaller than
No. 6 AWG equipment grounding conductor.

3.6 IDENTIFICATION

A. Identify system components, wiring, and cabling complying with TIA/EIA-606-
A.  Comply with requirements for identification specified in Section 10 14 00
"Identification Devices".

1. Administration Class:  2.

2. Color-code cross-connect fields.  Apply colors to voice and data service
backboards, connections, covers, and labels.

B. Comply with requirements in Section 09 91 10 "Architectural Painting" for
painting backboards.  For fire-resistant plywood, do not paint over
manufacturer's label.

C. Paint and label colors for equipment identification shall comply with TIA/EIA-
606-A for Class 2 level of administration, including optional identification
requirements of this standard.

D. Cable Schedule:  Post in prominent location in each equipment room and
wiring closet.  List incoming and outgoing cables and their designations,
origins, and destinations.  Protect with rigid frame and clear plastic cover.
Furnish an electronic copy of final comprehensive schedules for Project.

E. Cabling Administration Drawings:  Show building floor plans with cabling
administration-point labeling.  Identify labeling convention and show labels for
telecommunications closets, backbone pathways and cables, entrance
pathways and cables, terminal hardware and positions, horizontal cables,
work areas and workstation terminal positions, grounding buses and
pathways, and equipment grounding conductors.  Follow convention of
TIA/EIA-606-A.  Furnish electronic record of all drawings, in software and
format selected by Owner.

F. Cable and Wire Identification:

1. Label each cable within 4 inches (100 mm) of each termination and tap,
where it is accessible in a cabinet or junction or outlet box, and elsewhere
as indicated.

2. Each wire connected to building-mounted devices is not required to be
numbered at device if color of wire is consistent with associated wire
connected and numbered within panel or cabinet.

3. Exposed Cables and Cables in Cable Trays and Wire Troughs:  Label
each cable at intervals not exceeding 15 feet (4.5 m).

4. Label each terminal strip and screw terminal in each cabinet, rack, or
panel.
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a. Individually number wiring conductors connected to terminal strips, and
identify each cable or wiring group being extended from a panel or
cabinet to a building-mounted device shall be identified with name and
number of particular device as shown.

b. Label each unit and field within distribution racks and frames.

5. Identification within Connector Fields in Equipment Rooms and Wiring
Closets:  Label each connector and each discrete unit of cable-terminating
and connecting hardware.  Where similar jacks and plugs are used for
both voice and data communication cabling, use a different color for jacks
and plugs of each service.

6. Uniquely identify and label work area cables extending from the MUTOA
to the work area.  These cables may not exceed the length stated on the
MUTOA label.

G. Labels shall be preprinted or computer-printed type with printing area and font
color that contrasts with cable jacket color but still complies with requirements
in TIA/EIA-606-A.

1. Cables use flexible vinyl or polyester that flex as cables are bent.

3.7 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. Visually inspect STP jacket materials for NRTL certification markings.
Inspect cabling terminations in communications equipment rooms for
compliance with color-coding for pin assignments, and inspect cabling
connections for compliance with TIA/EIA-568-B.1.

2. Visually confirm Category 6, marking of outlets, cover plates,
outlet/connectors, and patch panels.

3. Visually inspect cable placement, cable termination, grounding and
bonding, equipment and patch cords, and labeling of all components.

4. Test STP backbone copper cabling for DC loop resistance, shorts, opens,
intermittent faults, and polarity between conductors.  Test operation of
shorting bars in connection blocks.  Test cables after termination but not
cross-connection.

a. Test instruments shall meet or exceed applicable requirements in
TIA/EIA-568-B.2.  Perform tests with a tester that complies with
performance requirements in "Test Instruments (Normative)" Annex,
complying with measurement accuracy specified in "Measurement
Accuracy (Informative)" Annex.  Use only test cords and adapters that
are qualified by test equipment manufacturer for channel or link test
configuration.

5. STP Performance Tests:
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a. Test for each outlet and MUTOA.  Perform the following tests
according to TIA/EIA-568-B.1 and TIA/EIA-568-B.2 (if a cable fails test,
remove and replace and re-test until compliance is reached):

1) Wire map.

2) Length (physical vs. electrical, and length requirements).

3) Insertion loss.

4) Near-end crosstalk (NEXT) loss.

5) Power sum near-end crosstalk (PSNEXT) loss.

6) Equal-level far-end crosstalk (ELFEXT).

7) Power sum equal-level far-end crosstalk (PSELFEXT).

8) Return loss.

9) Propagation delay.

10) Delay skew.

B. Document data for each measurement.  Data for submittals shall be printed in
a summary report that is formatted similar to Table 10.1 in BICSI TDMM, or
transferred from the instrument to the computer, saved as text files, and
printed and submitted.

C. End-to-end cabling will be considered defective if it does not pass tests and
inspections.

D. Prepare test and inspection reports.

3.8 DEMONSTRATION

A. Train Owner's maintenance personnel in cable-plant management operations,
including changing signal pathways for different workstations, rerouting
signals in failed cables, and keeping records of cabling assignments and
revisions when extending wiring to establish new workstation outlets.

END OF SECTION
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SECTION 27 15 23 

COMMUNICATIONS OPTICAL FIBER HORIZONTAL CABLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. 62.5/125-micrometer, multimode, optical fiber cable (OM1). 

2. 50/125 micrometer, multimode, optical fiber cable (OM2). 

3. 850 nanometer laser-optimized 50/125 micrometer multimode optical fiber 
cable (OM3). 

4. 850 nanometer laser-optimized 50/125 micrometer multimode optical fiber 
cable (OM4). 

5. 9/125 micrometer, single mode, optical fiber cable (OS1). 

6. 9/125 micrometer, single-mode, indoor-outdoor optical fiber cable (OS2). 

7. Optical fiber cable connecting hardware, patch panels, and cross-
connects. 

8. Grounding. 

9. Cabling identification products. 

1.3 DEFINITIONS 

A. BICSI: Building Industry Consulting Service International. 

B. Cross-Connect: A facility enabling the termination of cable elements and their 
interconnection or cross-connection. 

C. RCDD: Registered Communications Distribution Designer. 

1.4 OPTICAL FIBER HORIZONTAL CABLING DESCRIPTION 

A. Optical fiber horizontal cabling system shall provide interconnections between 
Distributor A, Distributor B, or Distributor C and the equipment outlet, otherwise 
known as "Cabling Subsystem 1" in the telecommunications cabling system 
structure. Cabling system consists of horizontal cables, intermediate and main 
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cross-connects, mechanical terminations, and patch cords or jumpers used for 
horizontal-to-horizontal cross-connection. 

1. TIA-568-C.1 requires that a minimum of two equipment outlets be installed 
for each work area. 

2. Horizontal cabling shall contain no more than one transition point or 
consolidation point between the horizontal cross-connect and the 
equipment outlet. 

3. Bridged taps and splices shall not be installed in the horizontal cabling. 

B. A work area is approximately 100 sq. ft. (9.3 sq. m), and includes the 
components that extend from the equipment outlets to the equipment. 

C. The maximum allowable horizontal cable length is 295 feet (90 m). This 
maximum allowable length does not include an allowance for the length of 16 
feet (4.9 m) to the workstation equipment or in the horizontal cross-connect. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: Reviewed and stamped by RCDD. 

1. System Labeling Schedules: Electronic copy of labeling schedules, in 
software and format selected by Owner. 

2. System Labeling Schedules: Electronic copy of labeling schedules that are 
part of the cabling and asset identification system of the software. 

3. Cabling administration Drawings and printouts. 

4. Wiring diagrams and installation details of telecommunications equipment, 
to show location and layout of telecommunications equipment, including 
the following: 

a. Telecommunications rooms plans and elevations. 

b. Telecommunications pathways. 

c. Telecommunications system access points. 

d. Telecommunications grounding system. 

e. Telecommunications conductor drop locations. 

f. Typical telecommunications details. 

g. Mechanical, electrical, and plumbing systems. 

C. Fiber optic cable testing plan. 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer, installation supervisor, and field inspector. 

B. Product Certificates: For each type of product. 
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C. Source quality-control reports. 

D. Field quality-control reports. 

1.7 CLOSEOUT SUBMITTALS 

A. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 

2. Program Software Backup: On USB media or compact disk, complete with 
data files. 

3. Device address list. 

4. Printout of software application and graphic screens. 

B. Maintenance Data: For optical fiber cable, splices, and connectors to include in 
maintenance manuals. 

1.8 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged 
with protective covering for storage and identified with labels describing 
contents. 

1. Connecting Blocks: One of each type. 

2. Jacks: Ten of each type. 

3. Patch-Panel Units: One of each type. 

4. Plugs: Ten of each type. 

1.9 QUALITY ASSURANCE 

A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI 
on staff. 

1. Layout Responsibility: Preparation of Shop Drawings, Cabling 
Administration Drawings, and field testing program development by an 
RCDD. 

2. Installation Supervision: Installation shall be under the direct supervision 
of Level 2 Installer, who shall be present at all times when Work of this 
Section is performed at Project site. 

3. Testing Supervisor: Currently certified by BICSI as an Technician. 

B. Testing Agency Qualifications: Testing agency must have personnel certified by 
BICSI on staff. 

1. Testing Agency's Field Supervisor: Currently certified by BICSI as an 
RCDD to supervise on-site testing. 
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1.10 DELIVERY, STORAGE, AND HANDLING 

A. Test cables upon receipt at Project site. 

1. Test optical fiber cable to determine the continuity of the strand end to 
end. Use optical fiber flashlight or optical loss test set. 

1.11 PROJECT CONDITIONS 

A. Environmental Limitations: Do not deliver or install cables and connecting 
materials until wet work in spaces is complete and dry, and temporary HVAC 
system is operating and maintaining ambient temperature and humidity 
conditions at occupancy levels during the remainder of the construction period. 

1.12 COORDINATION 

A. Coordinate layout and installation of telecommunications pathways and cabling 
with Owner's telecommunications equipment and service suppliers. 

1.13 SOFTWARE SERVICE AGREEMENT 

A. Technical Support: Beginning with Substantial Completion, provide software 
support for two years. 

B. Upgrade Service: Update software to latest version at Project completion. Install 
and program software upgrades that become available within two years from 
date of Substantial Completion. Upgrading software shall include operating 
system. Upgrade shall include new or revised licenses for use of software. 

1. Provide 30 days' notice to Owner to allow scheduling and access to 
system and to allow Owner to upgrade computer equipment if necessary. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. General Performance: Horizontal cabling system shall comply with transmission 
standards in TIA-568-C.1, when tested according to test procedures of this 
standard. 

B. Telecommunications Pathways and Spaces: Comply with TIA-569-D. 

C. Grounding: Comply with TIA-607-B. 

2.2 62.5/125-MICROMETER, MULTIMODE, OPTICAL FIBER CABLE (OM1) 

A. Description: Multimode, 62.5/125-micrometer, 4-fiber, nonconductive, tight 
buffer, optical fiber cable. 

B. Manufacturers: 

1. Belden CDT Networking Division 

2. CommScope, Inc. 
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3. Hitachi Cable America Inc. 

4. Mohawk 

C. Standards: 

1. Comply with ICEA S-83-596 for mechanical properties. 

2. Comply with TIA-568-C.3 for performance specifications. 

3. Comply with TIA-492AAAA for detailed specifications. 

D. Conductive cable shall be aluminum armored type. 

E. Maximum Attenuation: 3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm. 

F. Minimum Overfilled Modal Bandwidth-length Product: 200 MHz-km at 850 nm; 
500 MHz-km at 1300 nm. 

G. Jacket: 

1. Jacket Color: Orange. 

2. Cable cordage jacket, fiber, unit, and group color shall be according to 
TIA-598-D. 

3. Imprinted with fiber count, fiber type, and aggregate length at regular 
intervals not to exceed 40 inches (1000 mm). 

H. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as 
complying with UL 444, UL 1651, and NFPA 70 for the following types: 

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262; 
Type OFNP in listed plenum communications raceway; or Type OFNP or 
Type OFNR in metallic conduit. 

2.3 50/125 MICROMETER, MULTIMODE, OPTICAL FIBER CABLE (OM2) 

A. Description: Multimode, 50/125-micrometer, 4-fiber, nonconductive, tight 
buffer, optical fiber cable. 

B. Manufacturers: 

1. Belden CDT Networking Division 

2. CommScope, Inc. 

3. Hitachi Cable America Inc. 

C. Standards: 

1. Comply with ICEA S-83-596 for mechanical properties. 

2. Comply with TIA-568-C.3 for performance specifications. 

3. Comply with TIA-492AAAB for detailed specifications. 

D. Conductive cable shall be aluminum armored type. 

E. Maximum Attenuation: 3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm. 
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F. Minimum Overfilled Modal Bandwidth-length Product: 500 MHz-km at 850 nm; 
500 MHz-km at 1300 nm. 

G. Jacket: 

1. Jacket Color: Orange. 

2. Cable cordage jacket, fiber, unit, and group color shall be according to 
TIA-598-D. 

3. Imprinted with fiber count, fiber type, and aggregate length at regular 
intervals not to exceed 40 inches (1000 mm). 

H. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as 
complying with UL 444, UL 1651, and NFPA 70 for the following types: 

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262; 
Type OFNP in listed plenum communications raceway; or Type OFNP or 
Type OFNR in metallic conduit. 

2.4 850 NANOMETER LASER-OPTIMIZED, 50/125 MICROMETER, MULTIMODE 
OPTICAL FIBER CABLE (OM3) 

A. Description: Multimode, 50/125-micrometer, 4-fiber, nonconductive, tight buffer, 
optical fiber cable. 

B. Manufacturers: 

1. Belden CDT Networking Division 

2. CommScope, Inc. 

3. Hitachi Cable America Inc. 

C. Standards: 

1. Comply with ICEA S-83-596 for mechanical properties. 

2. Comply with TIA-568-C.3 for performance specifications. 

3. Comply with TIA-492AAAC for detailed specifications. 

D. Conductive cable shall be aluminum armored type. 

E. Maximum Attenuation: 3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm. 

F. Minimum Overfilled Modal Bandwidth-length Product: 1500 MHz-km at 850 nm; 
500 MHz-km at 1300 nm. 

G. Minimum Effective Modal Bandwidth-length Product: 2000 MHz-km at 850 nm. 

H. Jacket: 

1. Jacket Color: Aqua. 

2. Cable cordage jacket, fiber, unit, and group color shall be according to 
TIA-598-D. 
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3. Imprinted with fiber count, fiber type, and aggregate length at regular 
intervals not to exceed 40 inches (1000 mm). 

I. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as 
complying with UL 444, UL 1651, and NFPA 70 for the following types: 

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262; 
Type OFNP in listed plenum communications raceway; or Type OFNP or 
Type OFNR in metallic conduit. 

2.5 850 NANOMETER LASER-OPTIMIZED, 50/125 MICROMETER, MULTIMODE 
OPTICAL FIBER CABLE (OM4) 

A. Description: Multimode, 50/125-micrometer, 4-fiber, nonconductive tight buffer, 
optical fiber cable. 

B. Manufacturers: 

1. Belden CDT Networking Division 

2. CommScope, Inc. 

3. Hitachi Cable America Inc. 

4. Mohawk 

C. Standards: 

1. Comply with ICEA S-83-596 for mechanical properties. 

2. Comply with TIA-568-C.3 for performance specifications. 

3. Comply with TIA-492AAAD for detailed specifications. 

D. Conductive cable shall be aluminum armored type. 

E. Maximum Attenuation: 3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm. 

F. Minimum Overfilled Modal Bandwidth-length Product: 3500 MHz-km at 850 nm; 
500 MHz-km at 1300 nm. 

G. Minimum Effective Modal Bandwidth-length Product: 4700 MHz-km at 850 nm. 

H. Jacket: 

1. Jacket Color: Aqua. 

2. Cable cordage jacket, fiber, unit, and group color shall be according to 
TIA-598-D. 

3. Imprinted with fiber count, fiber type, and aggregate length at regular 
intervals not to exceed 40 inches (1000 mm). 

I. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as 
complying with UL 444, UL 1651, and NFPA 70 for the following types: 
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1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262; 
Type OFNP in listed plenum communications raceway; or Type OFN, 
Type OFNG, Type OFNP, or Type OFNR in metallic conduit. 

2.6 9/125 MICROMETER SINGLE-MODE, INDOOR-OUTDOOR OPTICAL FIBER 
CABLE (OS1) 

A. Description: Single mode, 9/125-micrometer, 2 fibers, tight buffered, 
nonconductive optical fiber cable. 

B. Manufacturers: 

1. Belden CDT Networking Division 

2. Mohawk 

C. Conductive cable shall be aluminum armored type. 

D. Maximum Attenuation: 0.5 dB/km at 1310 nm; 0.5 dB/km at 1550 nm. 

E. Jacket: 

1. Jacket Color: Yellow. 

2. Cable cordage jacket, fiber, unit, and group color shall be according to 
TIA-598-D. 

3. Imprinted with fiber count, fiber type, and aggregate length at regular 
intervals not to exceed 40 inches (1000 mm). 

F. Standards: 

1. Comply with TIA-492CAAA for detailed specifications. 

2. Comply with TIA-568-C.3 for performance specifications. 

3. Comply with ICEA S-104-696 for mechanical properties. 

G. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as 
complying with UL 444, UL 1651, and NFPA 70 for the following types: 

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262; 
Type OFNP in listed plenum communications raceway; or Type OFN, 
Type OFNG, Type OFNP, or Type OFNR in metallic conduit. 

2.7 9/125 MICROMETER, SINGLE-MODE, INDOOR-OUTDOOR OPTICAL FIBER 
CABLE (OS2) 

A. Description: Single mode, 9/125-micrometer, 2 fibers, tight buffered, 
nonconductive optical fiber cable. 

B. Manufacturer: 

1. Belden CDT Networking Division 

2. CommScope, Inc. 

3. Hitachi Cable America Inc. 
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4. Mohawk 

C. Conductive cable shall be aluminum armored type. 

D. Maximum Attenuation: 0.5 dB/km at 1310 nm; 0.5 dB/km at 1550 nm. 

E. Jacket: 

1. Jacket Color: Yellow. 

2. Cable cordage jacket, fiber, unit, and group color shall be according to 
TIA-598-D. 

3. Imprinted with fiber count, fiber type, and aggregate length at regular 
intervals not to exceed 40 inches (1000 mm). 

F. Standards: 

1. Comply with TIA-492CAAB for detailed specifications. 

2. Comply with TIA-568-C.3 for performance specifications. 

3. Comply with ICEA S-104-696 for mechanical properties. 

G. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as 
complying with UL 444, UL 1651, and NFPA 70 for the following types: 

1. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262; 
Type OFNP in listed plenum communications raceway; or Type OFN, 
Type OFNG, Type OFNP, or Type OFNR in metallic conduit. 

2.8 OPTICAL FIBER CABLE HARDWARE 

A. Manufacturer: 

1. Belden CDT Networking Division 

2. CommScope, Inc. 

3. Hitachi Cable America Inc.. 

4. Mohawk 

B. Standards: 

1. Comply with Fiber Optic Connector Intermateability Standard (FOCIS) 
specifications of the TIA-604 series. 

2. Comply with TIA-568-C.3. 

C. Cross-Connects and Patch Panels: Modular panels housing multiple-numbered, 
duplex cable connectors. 

1. Number of Connectors per Field: One for each fiber of cable or cables 
assigned to field, plus spares and blank positions adequate to suit 
specified expansion criteria. 

D. Patch Cords: Factory-made, single-fiber cables in 36-inch (900-mm) lengths. 
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E. Connector Type: Type LC complying with TIA-604-10-B, Type MT-RJ 
complying with TIA-604-12, Type MPO complying with TIA-604-5-D connectors. 

F. Plugs and Plug Assemblies: 

1. Male; color-coded modular telecommunications connector designed for 
termination of a single optical fiber cable. 

2. Insertion loss not more than 0.25 dB. 

3. Marked to indicate transmission performance. 

G. Jacks and Jack Assemblies: 

1. Female; quick-connect, simplex and duplex; fixed telecommunications 
connector designed for termination of a single optical fiber cable. 

2. Insertion loss not more than 0.25 dB. 

3. Marked to indicate transmission performance. 

4. Designed to snap-in to a patch panel or faceplate. 

H. Faceplate: 

1. Four -port, vertical single-gang faceplates designed to mount to single-
gang wall boxes. 

2. Eight -port, vertical double-gang faceplates designed to mount to double-
gang wall boxes. 

3. Plastic Faceplate: High-impact plastic. Coordinate color with 
Section 262726 "Wiring Devices." 

4. Metal Faceplate: Stainless steel, complying with requirements in 
Section 262726 "Wiring Devices." 

5. For use with snap-in jacks accommodating any combination of twisted 
pair, optical fiber, and coaxial work area cords. 

a. Flush mounting jacks, positioning the cord at a 45-degree angle. 

2.9 GROUNDING 

A. Comply with requirements in Section 270526 "Grounding and Bonding for 
Communications Systems" for grounding conductors and connectors. 

B. Comply with TIA-607-B. 

2.10 IDENTIFICATION PRODUCTS 

A. Comply with TIA-606-B and UL 969 for a system of labeling materials, including 
label stocks, laminating adhesives, and inks used by label printers. 

2.11 SOURCE QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to evaluate cables. 
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B. Factory test multimode optical fiber cables according to TIA-526-14-B and TIA-
568-C.3. 

C. Factory test preterminated optical fiber cable assemblies according to TIA-526-
14-B and TIA-568-C.3. 

D. Cable will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 WIRING METHODS 

A. Wiring Method: Install cables in raceways and cable trays except within 
consoles, cabinets, desks, and counters and except in accessible ceiling 
spaces, in attics, and in gypsum board partitions where unenclosed wiring 
method may be used. Conceal raceway and cables except in unfinished 
spaces. 

1. Install plenum cable in environmental air spaces, including plenum 
ceilings. 

2. Comply with requirements for pathways specified in Section 270528 
"Pathways for Communications Systems." 

B. Wiring Method: Conceal conductors and cables in accessible ceilings, walls, 
and floors where possible. 

C. Wiring within Enclosures: Bundle, lace, and train cables within enclosures. 
Connect to terminal points with no excess and without exceeding 
manufacturer's limitations on bending radii. Provide and use lacing bars and 
distribution spools. 

3.2 INSTALLATION OF OPTICAL FIBER BACKBONE CABLES 

A. Comply with NECA 1, NECA 301 and NECA/BICSI 568. 

B. General Requirements for Optical Fiber Cabling Installation: 

1. Comply with TIA-568-C.1 and TIA-568-C.3. 

2. Comply with BICSI ITSIMM, Ch. 6, "Cable Termination Practices." 

3. Terminate all cables; no cable shall contain unterminated elements. Make 
terminations only at indicated outlets, terminals, cross-connects, and 
patch panels. 

4. Cables may not be spliced. Secure and support cables at intervals not 
exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from 
cabinets, boxes, fittings, outlets, racks, frames, and terminals. 
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5. Install lacing bars to restrain cables, to prevent straining connections, and 
to prevent bending cables to smaller radii than minimums recommended 
by manufacturer. 

6. Bundle, lace, and train cable to terminal points without exceeding 
manufacturer's limitations on bending radii, but not less than radii specified 
in BICSI ITSIMM, "Cabling Termination Practices" Chapter. Use lacing 
bars and distribution spools. 

7. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not 
splice cable between termination, tap, or junction points. Remove and 
discard cable if damaged during installation and replace it with new cable. 

8. Cold-Weather Installation: Bring cable to room temperature before de-
reeling. Heat lamps shall not be used for heating. 

9. In the communications equipment room, provide a 10-foot- (3-m-) long 
service loop on each end of cable. 

10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 4, "Pulling Cable." Monitor 
cable pull tensions. 

11. Cable may be terminated on connecting hardware that is rack or cabinet 
mounted. 

C. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in 
telecommunications spaces with terminating hardware and 
interconnection equipment. 

2. Cable shall not be run through structural members or in contact with pipes, 
ducts, or other potentially damaging items. 

D. Installation of Cable Routed Exposed under Raised Floors: 

1. Install plenum-rated cable only. 

2. Install cabling after the flooring system has been installed in raised floor 
areas. 

3. Coil cable 6 feet (1800 mm) long not less than 12 inches (300 mm) in 
diameter below each feed point. 

E. Group connecting hardware for cables into separate logical fields. 

3.3 FIRESTOPPING 

A. Comply with requirements in Section 078400 "Firestopping." 

B. Comply with TIA-569-D, Annex A, "Firestopping." 

C. Comply with BICSI ITSIMM, "Firestopping" Chapter. 
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3.4 GROUNDING 

A. Install grounding according to BICSI ITSIMM, "Grounding (Earthing), Bonding, 
and Electrical Protection" Chapter. 

B. Comply with TIA-607-B and NECA/BICSI-607. 

C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten 
to wall allowing at least 2-inch (50-mm) clearance behind the grounding bus 
bar. Connect grounding bus bar with a minimum No. 4 AWG grounding 
electrode conductor from grounding bus bar to suitable electrical building 
ground. 

D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 
AWG equipment grounding conductor. 

3.5 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA-606-B. 
Comply with requirements for identification specified in Section 270553 
"Identification for Communications Systems." 

1. Administration Class: Class 3. 

2. Color-code cross-connect fields and apply colors to voice and data service 
backboards, connections, covers, and labels. 

B. Paint and label colors for equipment identification shall comply with TIA-606-B 
for Class 3 level of administration including optional identification requirements 
of this standard. 

C. Cable Schedule: Install in a prominent location in each equipment room and 
wiring closet. List incoming and outgoing cables and their designations, origins, 
and destinations. Protect with rigid frame and clear plastic cover. Furnish an 
electronic copy of final comprehensive schedules for Project. 

D. Cabling Administration Drawings: Show building floor plans with cabling 
administration-point labeling. Identify labeling convention and show labels for 
telecommunications closets, horizontal pathways and cables, entrance 
pathways and cables, terminal hardware and positions, horizontal cables, work 
areas and workstation terminal positions, grounding buses and pathways, and 
equipment grounding conductors. 

E. Cable and Wire Identification: 

1. Label each cable within 4 inches (100 mm) of each termination and tap, 
where it is accessible in a cabinet or junction or outlet box, and elsewhere 
as indicated. 

2. Each wire connected to building-mounted devices is not required to be 
numbered at device if color of wire is consistent with associated wire 
connected and numbered within panel or cabinet. 
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3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label 
each cable at intervals not exceeding 15 feet (4.5 m). 

4. Label each unit and field within distribution racks and frames. 

5. Identification within Connector Fields in Equipment Rooms and Wiring 
Closets: Label each connector and each discrete unit of cable-terminating 
and connecting hardware. Where similar jacks and plugs are used for both 
voice and data communication cabling, use a different color for jacks and 
plugs of each service. 

F. Labels shall be preprinted or computer-printed type with printing area and font 
color that contrasts with cable jacket color but still complies with requirements in 
TIA 606-B, for the following: 

1. Flexible vinyl or polyester that flexes as cables are bent. 

3.6 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service 
representative to test and inspect components, assemblies, and equipment 
installations, including connections. 

B. Perform tests and inspections with the assistance of a factory-authorized 
service representative. 

C. Tests and Inspections: 

1. Visually inspect optical fiber jacket materials for NRTL certification 
markings. Inspect cabling terminations in communications equipment 
rooms for compliance with color-coding for pin assignments, and inspect 
cabling connections for compliance with TIA-568-C.1. 

2. Visually inspect cable placement, cable termination, grounding and 
bonding, equipment and patch cords, and labeling of all components. 

3. Optical Fiber Cable Tests: 

a. Test instruments shall meet or exceed applicable requirements in 
TIA-568-C.1. Use only test cords and adapters that are qualified by 
test equipment manufacturer for channel or link test configuration. 

b. Link End-to-End Attenuation Tests: 

1) Horizontal and Multimode Horizontal Link Measurements: Test 
at 850 or 1300 nm in one direction according to TIA-526-14-B, 
Method B, One Reference Jumper. 

2) Attenuation test results for horizontal links shall be less than 2.0 
dB. Attenuation test results shall be less than those calculated 
according to equation in TIA-568-C.1. 

D. Data for each measurement shall be documented. Data for submittals shall be 
printed in a summary report that is formatted similar to Table 10.1 in 
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BICSI TDMM, or transferred from the instrument to the computer, saved as text 
files, and printed and submitted. 

E. Remove and replace cabling where test results indicate that it does not comply 
with specified requirements.  If cables to fail and are replaced, re-test until 
compliance is reached. 

F. End-to-end cabling will be considered defective if it does not pass tests and 
inspections. 

G. Prepare test and inspection reports. 

 

END OF SECTION 
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SECTION 27 15 33

COMMUNICATIONS COAXIAL HORIZONTAL CABLING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to
this Section.

1.2 SUMMARY

A. Section Includes:

1. Communications coaxial cable.

2. CATV coaxial cable.

3. Coaxial cable hardware.

4. Grounding.

5. Identification products.

1.3 DEFINITIONS

A. BICSI: Building Industry Consulting Service International.

B. EMI: Electromagnetic interference.

C. IDC: Insulation displacement connector.

D. LAN: Local area network.

E. RCDD: Registered Communications Distribution Designer.

1.4 COAXIAL HORIZONTAL CABLING DESCRIPTION

A. Coaxial horizontal cabling system shall provide interconnections between
Distributor A, Distributor B, or Distributor C and the equipment outlet,
otherwise known as "Cabling Subsystem 1" in the telecommunications
cabling system structure. Cabling system consists of horizontal cables,
mechanical terminations, and patch cords or jumpers used for horizontal-to-
horizontal cross-connection.

1.5 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Nominal OD.

2. Minimum bending radius.
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3. Maximum pulling tension.

B. Shop Drawings:

1. System Labeling Schedules: Electronic copy of labeling schedules, in
software and format selected by Owner.

2. Cabling administration drawings and printouts.

1.6 INFORMATION SUBMITTALS

A. Qualification Data: For RCDD, installation supervisor, and field inspector.

B. Field quality-control reports.

C. Maintenance Data: For splices and connectors to include in maintenance
manuals.

1.7 CLOSEOUT SUBMITTALS

A. Maintenance Data: For coaxial cable, splices, and connectors to include in
maintenance manuals.

1.8 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged
with protective covering for storage and identified with labels describing
contents.

1. Connecting Blocks: One of each type.

2. Jacks: Ten of each type.

3. Patch-Panel Units: One of each type.

4. Plugs: Ten of each type.

1.9 QUALITY ASSURANCE

A. Installer Qualifications: Cabling Installer must have personnel certified by
BICSI on staff.

1. Layout Responsibility: Preparation of Shop Drawings, Cabling
Administration Drawings, and field testing program development by an
RCDD.

2. Installation Supervision: Installation shall be under the direct supervision
of Registered Technician, who shall be present at all times when Work of
this Section is performed at Project site.

1.10 DELIVERY, STORAGE, AND HANDLING

A. Test cables upon receipt at Project site.

1. Test each coaxial cable for continuity.
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1.11 PROJECT CONDITIONS

A. Environmental Limitations: Do not deliver or install cables and connecting
materials until wet work in spaces is complete and dry, and temporary HVAC
system is operating and maintaining ambient temperature and humidity
conditions at occupancy levels during the remainder of the construction
period.

1.12 COORDINATION

A. Coordinate layout and installation of telecommunications pathways and
cabling with Owner's telecommunications and LAN equipment and service
suppliers.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. General Performance: Horizontal cabling system shall comply with
transmission standards in TIA-568-C.1, when tested according to test
procedures of this standard, and the requirements of TIA-568-C.4.

B. Telecommunications Pathways and Spaces: Comply with TIA-569-D.

C. Grounding: Comply with TIA-607-B.

2.2 GENERAL CABLE CHARACTERISTICS

A. CATV Cable: Listed and labeled by an NRTL acceptable to authorities having
jurisdiction as complying with the applicable standard and NFPA 70 for the
following types:

1. CATV Plenum Rated: Type CATVP installed in riser raceways or cable
routing assemblies, complying with NFPA 262.

2. CATV Cable: Type CATV, or CATVP or CATVR installed in general
purpose, riser, or plenum communications raceways or cable routing
assemblies in fireproof riser shafts with firestops at each penetration.

2.3 CATV COAXIAL CABLE

A. Description: Coaxial cable with a 75-ohm characteristic impedance designed
for CATV transmission.

B. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited
to, the following:

1. Alpha Wire

2. Belden CDT Networking Division
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3. CommScope, Inc.

C. NFPA and UL compliance, listed and labeled by an NRTL acceptable to
authorities having jurisdiction as complying with UL 1655 and with NFPA 70,
"Community Antenna Television and Radio Distribution Systems" Article.
Types are as follows:

1. RG-6/U: UL Type CATVP.

a. No. 18 AWG, solid, copper-covered steel conductor.

b. Plenum rated.

c. Gas-injected, foam-PE insulation.

d. Shielded with 100 percent aluminum tape and 60 percent aluminum
braid.

e. Jacketed with black PVC or PE.

f. Suitable for indoor installations.

2.4 COAXIAL CABLE HARDWARE

A. Description: Hardware designed to connect, splice, and terminate coaxial
cable with a 75-ohm characteristic impedance.

B. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited
to, the following:

1. Emerson Network Power Connectivity Solutions

2. Leviton Manufacturing Co., Inc.

C. Coaxial-Cable Connectors: Type BNC, 75 ohms.

D. Jacks and Jack Assemblies: Modular, color-coded, with female Type BNC
connectors.

E. Patch Cords: Factory-made cables in 48-inch (1200-mm) lengths; terminated
with a male Type BNC connector at each end.

F. Faceplates:

1. Plastic Faceplate: High-impact plastic. Coordinate color with
Section 262726 "Wiring Devices."

2. Metal Faceplate: Stainless steel, complying with requirements in
Section 262726 "Wiring Devices."

3. For use with snap-in jacks accommodating any combination of twisted
pair, optical-fiber, and coaxial work area cords.

a. Flush-mounted jacks, positioning the cord at a 90-degree angle from
faceplate surface.

4. Legend:
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a. Factory labeled by silk-screening or engraving for stainless steel
faceplates.

b. Machine printed, in the field, using adhesive-tape label.

c. Snap-in, clear-label covers and machine-printed paper inserts.

2.5 GROUNDING

A. Comply with requirements in Section 270526 "Grounding and Bonding for
Communications Systems" for grounding conductors and connectors.

B. Comply with TIA-607-B.

2.6 IDENTIFICATION PRODUCTS

A. Comply with TIA-606-B and UL 969 for a system of labeling materials,
including label stocks, laminating adhesives, and inks used by label printers.

2.7 SOURCE QUALITY CONTROL

A. Cable will be considered defective if it does not pass tests and inspections.

B. Prepare test and inspection reports.

PART 3 - EXECUTION

3.1 ENTRANCE FACILITIES

A. Coordinate backbone cabling with the protectors and demarcation point
provided by communications service provider.

3.2 WIRING METHODS

A. Wiring Method: Install cables in raceways and cable trays except within
consoles, cabinets, desks, and counters. Conceal raceway and cables except
in unfinished spaces.

1. Comply with requirements for raceways and boxes specified in
Section 270528 "Pathways for Communications Systems."

B. Wiring Method: Conceal conductors and cables in accessible ceilings, walls,
and floors where possible.

C. Wiring within Enclosures: Bundle, lace, and train cables within enclosures.
Connect to terminal points with no excess and without exceeding
manufacturer's limitations on bending radii. Provide and use lacing bars and
distribution spools.
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3.3 INSTALLATION OF PATHWAYS

A. Comply with requirements for demarcation point, pathways, cabinets, and
racks specified in Section 271100 "Communications Equipment Room
Fittings." Drawings indicate general arrangement of pathways and fittings.

B. Comply with NFPA 70 for pull-box sizing and length of conduit and number of
bends between pull points.

C. Comply with requirements in Section 270528 "Pathways for Communications
Systems" for installation of conduits and wireways.

D. Install manufactured conduit sweeps and long-radius elbows whenever
possible.

E. Pathway Installation in Communications Equipment Rooms:

1. Position conduit ends adjacent to a corner on backboard where a single
piece of plywood is installed, or in the corner of room where multiple
sheets of plywood are installed around perimeter walls of room.

2. Install cable trays to route cables if conduits cannot be located in these
positions.

3. Secure conduits to backboard when entering room from overhead.

4. Extend conduits 3 inches (76 mm) above finished floor.

5. Install metal conduits with grounding bushings and connect with grounding
conductor to grounding system.

F. Backboards: Install backboards with 96-inch (2440-mm) dimension vertical.
Butt adjacent sheets tightly, and form smooth gap-free corners and joints.

3.4 INSTALLATION OF COAXIAL HORIZONTAL CABLES

A. All cable terminations to be completed by manufacturer or manufacturer
approved installer.

B. Comply with NECA 1 and NECA/BICSI 568.

C. General Requirements for Cabling:

1. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems,"
"Cable Termination Practices" Section.

2. Terminate all conductors; no cable shall contain unterminated elements.
Make terminations only at indicated outlets, terminals, and patch panels.

3. Cables may not be spliced. Secure and support cables at intervals not
exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from
cabinets, boxes, fittings, outlets, racks, frames, and terminals.

4. Install lacing bars to restrain cables, to prevent straining connections, and
to prevent bending cables to smaller radii than minimums recommended
by manufacturer.
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5. Bundle, lace, and train conductors to terminal points without exceeding
manufacturer's limitations on bending radii, but not less than radii specified
in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems," "Cable
Termination Practices" Section. Use lacing bars and distribution spools.

6. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not
splice cable between termination, tap, or junction points. Remove and
discard cable if damaged during installation and replace it with new cable.

7. Cold-Weather Installation: Bring cable to room temperature before
dereeling. Heat lamps shall not be used for heating.

8. In the communications equipment room, install a 10-foot- (3-m-) long
service loop on each end of cable.

9. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured
Cabling Systems," "Pulling Cable" Section. Monitor cable pull tensions.

D. Open-Cable Installation:

1. Install cabling with horizontal and vertical cable guides in
telecommunications spaces with terminating hardware and
interconnection equipment.

2. Suspend coaxial cable not in a wireway or pathway a minimum of 8 inches
(200 mm) above ceilings by cable supports not more than 60 inches (1524
mm) apart.

3. Cable shall not be run through structural members or in contact with pipes,
ducts, or other potentially damaging items.

E. Installation of Cable Routed Exposed under Raised Floors:

1. Install plenum-rated cable only.

2. Install cabling after the flooring system has been installed in raised floor
areas.

3. Coil cable 6 feet (1800 mm) long not less than 12 inches (300 mm) in
diameter below each feed point.

F. Outdoor Coaxial Cable Installation:

1. Install outdoor connections in enclosures complying with NEMA 250,
Type 4X. Install corrosion-resistant connectors with properly designed O-
rings to keep out moisture.

2. Attach antenna lead-in cable to support structure at intervals not
exceeding 36 inches (915 mm).

G. Group connecting hardware for cables into separate logical fields.

H. Separation from EMI Sources:
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1. Separation between open communications cables or cables in nonmetallic
raceways and unshielded power conductors and electrical equipment shall
be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 5
inches (127 mm).

b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 12
inches (300 mm).

c. Electrical Equipment Rating More Than 5 kVA: A minimum of 24
inches (610 mm).

2. Separation between communications cables in grounded metallic
raceways and unshielded power lines or electrical equipment shall be as
follows:

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 2-1/2
inches (64 mm).

b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 6
inches (150 mm).

c. Electrical Equipment Rating More Than 5 kVA: A minimum of 12
inches (300 mm).

3. Separation between communications cables in grounded metallic
raceways and power lines and electrical equipment located in grounded
metallic conduits or enclosures shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: No requirement.

b. Electrical Equipment Rating Between 2 and 5 kVA: A minimum of 3
inches (76 mm).

c. Electrical Equipment Rating More Than 5 kVA: A minimum of 6
inches (150 mm).

4. Separation between Communications Cables and Electrical Motors and
Transformers, 5 kVA or HP and Larger: A minimum of 48 inches (1200
mm).

5. Separation between Communications Cables and Fluorescent Fixtures: A
minimum of 5 inches (127 mm).

3.5 FIRESTOPPING

A. Comply with requirements in Section 078400 "Firestopping."

B. Comply with TIA-569-D, Annex A, "Firestopping."

C. Comply with BICSI TDMM, "Firestopping Systems" Article.
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3.6 GROUNDING

A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and
Electrical Protection" Chapter.

B. Comply with TIA-607-B and NECA/BICSI-607.

C. Locate grounding bus bar to minimize the length of bonding conductors.
Fasten to wall allowing at least 2-inch (50-mm) clearance behind the
grounding bus bar. Connect grounding bus bar with a minimum No. 4 AWG
grounding electrode conductor from grounding bus bar to suitable electrical
building ground.

D. Bond metallic equipment to the grounding bus bar, using not smaller than
No. 6 AWG equipment grounding conductor.

3.7 IDENTIFICATION

A. Identify system components, wiring, and cabling complying with TIA-606-B.
Comply with requirements for identification specified in Section 10 14 00
"Identification Devices".

1. Administration Class: Class 3.

2. Color-code fields and apply colors to voice and data service backboards,
connections, covers, and labels.

B. Cable Schedule: Install in a prominent location in each equipment room and
wiring closet. List incoming and outgoing cables and their designations,
origins, and destinations. Protect with rigid frame and clear plastic cover.
Furnish an electronic copy of final comprehensive schedules for Project.

C. Cabling Administration Drawings: Show building floor plans with cabling
administration-point labeling. Identify labeling convention and show labels for
telecommunications closets, horizontal pathways and cables, entrance
pathways and cables, terminal hardware and positions, horizontal cables,
work areas and workstation terminal positions, grounding buses and
pathways, and equipment grounding conductors.

D. Cable and Wire Identification:

1. Label each cable within 4 inches (100 mm) of each termination and tap,
where it is accessible in a cabinet or junction or outlet box, and elsewhere
as indicated.

2. Each wire connected to building-mounted devices is not required to be
numbered at device if color of wire is consistent with associated wire
connected and numbered within panel or cabinet.

3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label
each cable at intervals not exceeding 15 feet (4.5 m).

4. Label each terminal strip and screw terminal in each cabinet, rack, or
panel.
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a. Individually number wiring conductors connected to terminal strips
and identify each cable or wiring group being extended from a panel
or cabinet to a building-mounted device with name and number of
particular device as shown.

b. Label each unit and field within distribution racks and frames.

5. Identification within Connector Fields in Equipment Rooms and Wiring
Closets: Label each connector and each discrete unit of cable-terminating
and connecting hardware. Where similar jacks and plugs are used for both
voice and data communications cabling, use a different color for jacks and
plugs of each service.

E. Labels shall be preprinted or computer-printed type with printing area and font
color that contrasts with cable jacket color but still complies with requirements
in TIA 606-B, for the following:

1. Cables use flexible vinyl or polyester that flexes as cables are bent.

3.8 FIELD QUALITY CONTROL

A. Perform the following tests and inspections with the assistance of a factory-
authorized service representative.

B. Tests and Inspections:

1. Visually inspect coaxial jacket materials for NRTL certification markings.

2. Visually inspect cable placement, cable termination, grounding and
bonding, equipment and patch cords, and labeling of all components.

3. Test coaxial horizontal copper cabling for DC loop resistance, shorts,
opens, intermittent faults, and polarity between conductors. Test operation
of shorting bars in connection blocks. Test cables after termination.

C. Data for each measurement shall be documented. Data for submittals shall
be printed in a summary report that is formatted similar to Table 10.1 in
BICSI TDMM, or transferred from the instrument to the computer, saved as
text files, and printed and submitted.

D. Remove and replace cabling where test results indicate that they do not
comply with specified requirements.

E. End-to-end cabling will be considered defective if it does not pass tests and
inspections.

F. Prepare test and inspection reports.

END OF SECTION
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SECTION 27 41 00

COMMON WORK RESULTS FOR AUDIOVISUAL SYSTEMS AND EQUIPMENT

PART 1 – GENERAL

1.1 SUMMARY

A. Provide  complete  systems  and infrastructure in  compliance  with
drawings,  general  provisions  of  contract, including General and
Supplementary Conditions, Division 1 Specifications, and Instructions to
Bidders.

B. System refers to the complete and functional assemblage of equipment
required to achieve the specified functionality, performance, and design
intent.   This shall a l s o  include, but not be limited to ancillary items such
as power supplies, interfaces, transformers, cabling, and connectors,
pathways, spaces, A/V systems and equipment.

C. Related Requirements: Comply with the following:

1. Section 013300 – Submittal Procedures.

2. Section 017329 – Demolition, Cutting and Patching.

3. Section 017839 – Project Record Documents.

4. Section 078400 – Firestopping.

D. Related Documents and Sections:

1. Section 270536 – Cable Trays for Communication Systems

2. Section 271500 – Communications Horizontal Cabling.

3. Section 274113 – Front Projection Screens.

4. Section 274116 – Integrated Audiovisual Systems and Equipment.

5. Document 002213 – Supplementary Instructions to Bidders.

6. Document 00 – Procedure and Contracting Requirements

7. Division 01 – General Requirements Sections.
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1.2 REFERENCES

A. In addition to requirements shown or specified, comply with applicable
provisions of the following for design, materials, fabrication, and installation of
component parts:

1. BICSI/InfoComm, Audiovisual Design Reference Manual.

2. InfoComm, AV Installation Handbook.

3. InfoComm, Audiovisual Best Practices.

4. Maltese, AV 9000: Defining Quality in Engineered Audio Visual Systems,
2006.

5. Owner and State or District Ordinances, as applicable to location.

6. IEEE C2, National Electrical Safety Code®.

7. NFPA-70, National Electrical Code®.

8. NFPA-70E, National Electrical Code®.

9. NFPA-72, National Fire Alarm Code®.

10. NFPA-75, National Electrical Code®.

11. NFPA-101, Life Safety Code®.

12. NFPA-255, Standard Method of Test of Surface Burning
Characteristics of Building Materials.

13. American National Standards Institute (ANSI).

14. Federal Communications Commission (FCC).

15. National Electrical Manufacturers Association (NEMA).

16. Occupational Safety and Health Administration (OSHA).

17. IEEE Std 802-1990: IEEE Standards for Local and Metropolitan Networks:
Overview and Architecture New York:1990

18. Society of Motion Picture and Television Engineers: SMPTE 292M-1998:
Bit-Serial Digital Interface for High Definition Television

19. IEEE Std. 1394-2008. 2008-10-21. doi:10.1109/IEEESTD.2008.4659233.

20. Synchronized Multimedia Integration Language (SMIL 3.0); W3C
Proposed Recommendation 06 October 2008

21. HDMI Specification 1.4

22. HDMI Specification 2.0

23. ANSI/INFOCOMM Standard 10:2013, Audiovisual Systems Performance
Verification Guide
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B. Work shall comply with the latest edition of applicable criteria, standards, and
codes including subsequent addendums.

C. In the event of conflicts, the more stringent provisions shall be applied.

1.3 DEFINITIONS

A. Definitions: References for additional definitions.

1. Code Requirements: Minimum requirements.

2. Final Acceptance: The Owner’s acceptance of project from Contractor.

3. Furnished by Others: Receive delivery at job site or where called for and
install.

4. Owner:   Architect or Engineer having contract directly with the Owner
for professional services.

5. Relocate:   Disassemble, disconnect, and transport equipment to new
locations, then clean, test, and install ready to use.

6. Replace: Remove and provide new item.

7. Rough-in: Pipe, duct, conduit, equipment layout and installation.

8. Authority Having Jurisdiction (AHJ): Federal, state, local, or other regional
department, or individual having statutory authority.

9. Approved / Approval: Written permission to use a material or system.

10. As Called For: Materials, equipment including the execution
specified/shown in the Specifications.

11. As Required: Materials, equipment including the execution
specified/shown in the Specifications or Drawings.

12. A/V Contractor:  Contractor

13. Code Requirements: Minimum requirements.

14. Concealed: Work installed in pipe and duct shafts, chases or recesses,
inside walls, above ceilings, in slabs or below grade.

15. Contractor: AV Contractor

16. Owner’s Representative: Owner’s Representative or Consultant
representing the Owner.

17. Engineer: Owner’s Representative or Consultant representing the Owner.

18. Exposed: Work not identified as concealed.
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19. Final Acceptance: Owner’s Representative acceptance of the project.

20. Furnish Supply and deliver to installation location.

21. Furnished by Others: Receive delivery at job site or where called for and
install.

22. Inspection: Visual observations by Owner or Owners’ Representative.

23. Install: Mount and connect equipment and associated materials ready for
use.

24. Listed: Refers to classification by a standards agency.

25. Or Approved Equal: Approved equal or equivalent as determined by
Owner’s Representative.

26. Provide: Furnish, install and connect ready for use.

27. Replace: Remove and provide new item.

28. Review: A general contractual conformance check of specified products.

29. Satisfactory: As specified in Specifications.

1.4 INTENT OF DRAWINGS

A. All drawings are diagrammatic, unless otherwise noted as detailed
dimensioned drawings.  Drawings show approximate locations of equipment,
and devices.  Exact locations are subject to the approval of the Owner’s
Representative.

B. Anything mentioned in the Specifications and not shown in the Drawings, or
shown in the Drawings and not mentioned in the Specifications, shall be of
like effect as if shown and mentioned in both.  In case of differences between
the Drawings and the Specifications, the stricter provision as determined by
the Owner’s Representative shall govern.  Omissions from the Drawings or
Specifications, or the incorrect description of details of Work which are
evidently necessary to carry out the intent of the Drawings and Specifications,
or which are customarily performed, shall not relieve the Contractor from
performing such omitted or incorrectly described detail of the Work.  Rather,
the Work shall be performed as if the Drawings have been verified, checked,
and coordinated with shop drawings and samples of the Work and of the
Specifications.

1.5 REVIEW OF THE SPECIFICATIONS

A. The Contractor shall carefully study and compare the Specifications and shall
at once report to the Owner’s Representative any error, inconsistency or
omission discovered.  If the Contractor performs any construction activity
knowing it involves a recognized error, inconsistency or omission in the
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Specifications without such notice to the Owner’s Representative, the
Contractor shall assume appropriate responsibility for such performance and
shall bear an appropriate amount of the attributable cost for any correction.

1.6 EXAMINATION OF THE PREMISES

A. The Contractor shall visit the Site to become familiar with the local conditions
under which the work is to be performed and correlate his observations with
the requirements of the Specifications.  No allowance will be made for claims
of concealed conditions which the Contractor, in exercising diligence in its
observations of the Site and review of the local conditions, learned or should
have learned, unless otherwise specifically agreed by the Owner’s
Representative in writing.

B. Before ordering any equipment, materials or doing any work, the Contractor
shall verify all measurements and be responsible for their correctness.  No
extra charge or compensation will be allowed for duplicate work or material
required because of an unverified difference between an actual dimension
and the measurement indicated in the Drawings.   Any discrepancies found
shall be submitted in writing to the Owner’s Representative for consideration
before proceeding with the work.

1.7 CONTRACTOR QUALIFICATIONS

A. Be a licensed dealer for equipment described in these documents and
maintain a service department within 75 miles of the project site capable of
maintaining those systems both on a component and a complete systems
level.

B. Have experience with at least five (5) projects previously completed of
comparable size and complexity within the last 5 years.  The Bidder shall
provide specific information for these similar projects, including the client
name, contact person, telephone number of contact person, and a brief
description of each project.  The projects referenced should identify both
cabling installation projects and data equipment installation projects.

C. Own and maintain the tools and equipment necessary for successful
installation and testing of systems as detailed herein and have personnel who
are adequately trained in the use of such tools and equipment.

D. The Contractor shall notify the Owner’s Representative if it will use
subcontractors for any portion of a project.  If so, the Contractor shall provide
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detailed information regarding its subcontractors, including detailed
information on similar projects and personnel as described in the sections
above.

1.8 SUBSTITUTIONS

A. Comply with Section 01 33 00 Submittal Procedures.

B. Under no circumstances shall the Owner be required to prove that an item
proposed for substitution is not equal to the specified item. The Contractor
shall submit to the Owner evidence to support the contention that the item
proposed for substitution is equal to the contract specified item. The Owner’s
decision as to the equality of substitution shall be final.

1.9 COMPLIANCE

A. Compliance with the requirements for individual components or services
specified herein does not necessarily ensure compliance with the overall
requirement of these Specifications for the provision of operational
communications systems.  These Specifications and any associated drawings
have been prepared based upon information furnished in part by others.
While this information is believed to be reliable, the Owner’s Representative
cannot assure its accuracy, and assume no responsibility or liability for the
correctness of the information provided or for any error or omission which
may have been incorporated into it.  The Contractor is advised to conduct an
independent verification of its accuracy before applying or utilizing it for any
purpose.  The Contractor shall be fully responsible for the installation of
functional systems whose overall operation and capability for future
expansion is satisfactory to the Owner’s Representative.

1.10 PERFORMANCE

A. This specification section and the accompanying Contract Documents are
performance based, describing the minimum material quality, required
features, and operational requirements of the system.  These documents do
not convey every wire that must be installed and every equipment connection
that must be made.  Based on the equipment constraints described and the
performance required of the system, as presented in these documents, the
Contractor is solely responsible for determining all wiring, programming and
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miscellaneous equipment to include, including any conduit, back boxes,
raceway, etc. required for a complete and operational system.

1.11 QUALITY ASSURANCE

A. Contractor: The Contractor must be a factory-authorized contractor
specializing in the selected manufacturer’s product, with demonstrated prior
experience with the selected manufacturer’s system installation and
programming.

B. Control System Programmer:  The integrated control system shall be
programmed by the contractor or a factory trained programmer.  If a factory
trained programmer is utilized by the contractor, the contractor shall be
responsible for payment of their services.

C. Audio System Programmer: All digital sound processing equipment (DSP)
used on the project, shall be programmed by a factory trained technician.

1.12 SUBMITTALS

A. General:

1. Comply with Section 013300 – Submittal Procedures.

2. In addition to requirements specified in Section 013300, submit electronic
copies of submittals in PDF format.

B. Bid Submittals shall be provided as part of the bid package and shall include
the following:

1. A detailed equipment schedule, by room and/or system, for each piece of
equipment, showing the offered make, model, quantity, and proposed unit
and total price in spreadsheet format.  Provide separate line item pricing
for engineering labor, installation labor, programming labor,
documentation costs, taxes, and shipping/delivery costs.

2. An outline of the project approach and availability of resources.

3. A list of test equipment, giving make and model numbers to be used for
tests and acceptance testing.

4. Contractor Resume:  A resume of qualification shall be submitted with the
Contractor's proposal indicating the following:
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a. A list of five recently completed projects of similar type and size with
contact names and telephone numbers for each.

b. A technical resume of experience for the Contractor's Engineer,
Owner’s Representative, Control System Programmer, and Lead Field
Technician who will be assigned to this project.

c. A list of technical product training attended by the Contractor’s
personnel that will install the systems.

d. A list of subcontractors providing services under this scope of work.
Provide description of work to be performed by each subcontractor.

C. Substantial Completion Submittal:

1. Substantial Completion Submittals shall be provided a minimum of 2
weeks prior to scheduled acceptance testing by the Owner and shall
include the following:

a. A draft version of Record Drawings for systems depicting the current
state of the systems to be tested.

b. A draft version of the Operation and Maintenance manuals which shall
consist of the following:

1) Detailed operation instructions that can be easily understood by
non- technical users. Include pictures of touch panel screens when
appropriate.

2) A troubleshooting guide for the most common problems that might
arise.

3) Equipment list for each room with manufacturer, model number,
serial number, client tracking number (if applicable), and other
unique equipment numbers for installed equipment in spreadsheet
format.

4) A  list  of  fixed  or  static  IP  addresses,  ISDN  numbers  and
telephone numbers used for audiovisual equipment.

5) A list of frequencies and/or channels used for wireless microphone
and assistive listening systems.

6) Software files for graphical user interface, source code, DSP, and
equipment settings on CD-ROM. Provide electronic copies of
compiled and un-compiled programming files.

7) Include  the  terms  of  the  warranty  and  the  appropriate  contact
phone numbers for service.

c. Test and Measurement Data consisting of:
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1) Documentation of the tools and the manner in which the
performance tests were taken.

2) Documentation of the performance test results.

3) Documentation of the system settings prior to and after the system
set-up.

D. Closeout Submittal:

1. Comply with Section 01 78 39 Project Record Documents.

2. The Closeout Submittal shall be provided within 30 days of systems
acceptance and shall include:

a. Final Project Record Drawings: Submit on CD-ROM in AutoCAD and
PDF format. Final Project Record Drawings shall include drawings
associated with the systems. The locations of installed conduits shall
be shown on floor plan drawings.

b. At a minimum, the record drawings shall include detailed plan views
and elevation drawings of all audiovisual enabled rooms, rack
elevations, telecommunications closets, as well as floor plans showing
outlet locations, cable schedule, point-to-point diagrams, block
diagrams, audiovisual details, major pathways, cable labeling, and the
associated locations for all cabling and devices installed by the
Contractor.

c. Two copies of the Final Operation and Maintenance manuals as
described in Substantial Completion Submittal.

d. A systems information packet shall be mounted in each equipment
rack and shall consist of the system drawings associated with the
rack, important telephone numbers and a list of equipment in the rack
with serial numbers.

e. Manufacturers’ instruction manuals for items of equipment,
incorporating or followed by manufacturers’ warranty statements.

1) Where manufacturers’ registration is required, register warranty in
the Owner’s name at an address determined by the Owner.
Provide copy of registration.

f. All control system software shall be delivered and will be the property
of the Owner pursuant to the completion of the project.

1.13 ADDITIONAL ENGINEERING SERVICES
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A. In the event that the Owner is required to provide additional engineering
services as a result of substitution of equivalent materials or equipment by the
Contractor, or changes by the Contractor in dimension, weight, power
requirements, etc., of the equipment and accessories furnished, or if the
Owner is required to examine and evaluate changes proposed by the
Contractor for the convenience of the Contractor, then the Owner's expenses
in connection with such additional services shall be paid by the Contractor
and may be deducted from monies owed to the Contractor.

B. In the event that the Owner is required to provide additional engineering
services as a result of  Contractor's errors, omissions or failure to conform to
the requirements of the Contract Documents, or if the Owner is required to
examine and evaluate changes proposed by the Contractor solely for the
convenience of the Contractor, then the Owner's expense in connection with
such additional services shall be paid by the Contractor and may be deducted
from monies owed to the Contractor.

C. In the event that the Owner is requested to visit the project site to validate
proper system performance before the Contractor has tested and setup all
systems in accordance with this document, then the Owner’s expense in
connection with such additional services shall be paid by the Contractor and
may be deducted from monies owed to the Contractor.

1.14 WARRANTY

A. Comply with Section 01 78 39 Project Record Documents.

B. For a period of one year from Owner acceptance, affect replacement or
substitutions of equipment within 24 hours of first notification.   Complete
repairs to equipment within 72 hours.   If repairs cannot be completed during
this time period, or if ordering of parts is required, forward to the Owner every
72 hours documentation of progress of repairs. This repair capability is
mandatory.  Include costs anticipated to comply with this requirement in the
bid.

C. Contractor shall be responsible for and make good, without expense to the
Owner defects arising during this warranty period that are due to imperfect
materials, equipment, improper installation or poor workmanship.
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D. Provide a service visit one month prior to the warranty expiration to confirm
the correct working condition of the system and to make necessary
adjustments to bring the system back to optimal working condition. Include
costs anticipated to comply with this requirement in the bid.

PART 2 – PRODUCTS

2.1 GENERAL

A. Discrepancies among the contract documents shall be submitted to the
Owner or the most stringent case shall be assumed.

2.2 EQUIPMENT AND MATERIALS

A. Manufacturer:  Crestron is the basis of design.  Provide Crestron products as
noted in plans and specifications or approved equal.

B. Materials and Equipment:  New and unused, standard products of the
manufacturer, clean, free of defects, and free of damage and corrosion.

1. Used equipment or damaged material not allowed.

2. Standard products of manufacturer unless otherwise specified.

3. Materials: Bear UL label where applicable.

4. Application and Installation: In accordance with labeling and listing.

5. Electrical Equipment and Systems:    UL Standards, NEC, and CSA.
This listing requirement applies to entire assembly.   Perform modifications
to equipment to suit intent of specifications in accordance with these
requirements.

C. Materials shall have a flame spread rating of 25 or less and smoke developed
rating of 50 or less, in accordance with NFPA 255.

D. Only  authorized  manufacturer  components  and  distribution  channels
shall  be  used  in provisioning this Work.

E. In cases where the specified product has been replaced with a newer model,
the later model shall be furnished, provided the new model retains or exceeds
the characteristics of the specified item.
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F. Stock manufactured or custom built equipment shall be supported by
complete and detailed schematic drawings and replacement parts list.   No
unidentified components shall be acceptable.

2.3 CABLES

A. Cables must be manufactured and installed in compliance with local and state
codes.

B. Cable  Passing  through  two  or  more  floors:    Rated,  listed  and  marked
for  use  in  riser application.

1. Riser Cable: CMR or OFNR rated per NEC and comply with other
applicable codes.

C. Cable in Plenums: Rated, listed and marked for use in plenum application.

1. Plenum Cable: CMP rated per NEC and comply with other applicable
codes.

D. Contractor shall verify all spaces as plenum or non-plenum with the
architect/mechanical engineer prior to purchasing or installing any cable.
Contractor shall be aware of any Owner or AHJ requirements for plenum
cable or other cable types.

2.4 CUSTOM METAL FABRICATION

A. Unless otherwise noted, custom wall plates and rack panels shall be
manufactured from 6061-T6 3.2 mm (125 inches) anodized aluminum with
beveled edges.  Coordinate color with the Owner.

B. Fabrication shall be done by a company regularly engaged in the metal
fabrication industry.

C. Custom plates and panels shall be submitted for inspection and approval prior
to installation.
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D. Replace plates or panels that the Owner judges to be of inferior
craftsmanship without claim for additional payment.

2.5 OPEN-TOP CABLE SUPPORT (J-SUPPORT)

A. Comply with Section 270536.

2.6 MISCELLANEOUS EQUIPMENT

A. Provide screws, anchors, clamps, tie wraps, wire molding, miscellaneous
grounding and support hardware necessary to facilitate installation of the
system.

B. Provide specialized tools not readily available on commercial tool market for
assembly, adjustment, or maintenance of systems’ components.

C. Furnish special installation equipment or tools necessary to properly complete
system.  This may include, but is not limited to, tools for terminating cables,
test equipment for audiovisual devices, jack stands for cable reels, and cable
winches.

D. Furnish scaffolding, rigging, hoisting and services necessary for erection and
delivery of equipment and apparatus furnished into the premises. These items
shall be removed from premises when no longer required.

E. Provide equipment with suitable lifting attachments to enable equipment to be
lifted in its normal position.  Lifting attachments shall be able to withstand
handling conditions that might be encountered, such as rapid lowering and
braking of load, without bending or distortion of shape.

F. Owner-Furnished Equipment (OFE):  Accept equipment upon removal,
perform a general cleaning, test for proper operation, and install in
accordance with project guidelines.

G. Coordinate return or recycling of removed and/or replaced equipment with the
Owner.
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H. Existing equipment not reused shall be returned to the Owner.  The
Contractor is required to properly recycle or dispose of equipment at no
additional charge at the Owner’s request.

2.7 FACTORY ASSEMBLED PRODUCTS

A. Manufacturers of equipment assemblies that include components made by
others shall assume complete responsibility for the final assembled unit.

1. All components of an assembled unit need not be products of the same
manufacturer.

2. Constituent parts, which are alike, shall be from a single manufacturer.

3. Components shall be compatible with each other and with the total
assembly for intended service.

4. The Contractor shall guarantee for a minimum of one (1) year, the
performance of assemblies of components, and shall repair or replace
elements of the assemblies as required to deliver specified performance of
the complete assembly.

B. Components of equipment shall bear the manufacturer's name or trademark,
model number and serial number on a name plate securely affixed in a
conspicuous place, or cast integral with, stamped or otherwise permanently
marked upon the components of the equipment.

C. Major items of equipment that serve the same function must be the same
make and model.

D. Equipment and materials installed shall be compatible in all respects with
other items being furnished so that a complete and fully operational system
will result.

E. Maximum standardization of components shall be provided to reduce spare
part requirements.

2.8 FIRE STOPPING

A. Fire stopping for openings through fire-rated and smoke-rated walls and floor
assemblies shall be listed or classified by an approved independent testing
laboratory for "Through-Penetration Fire Stop Systems."  The system shall
meet the requirements of "Fire Tests of Through-Penetration Fire Stops"
designated ASTM E814.

B. Inside of all conduits, the fire stop system shall consist of a dielectric, water
resistant, non-hardening, permanently pliable/re-enterable putty along with
the appropriate damming or backer materials (where required). The sealant
must be capable of being removed and reinstalled and must adhere to all
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penetrants and common construction materials and shall be capable of
allowing normal wire/cable movement without being displaced.

C. All conduit and sleeve openings used by the Contractor shall be waterproofed
or fireproofed in compliance with State and Local Building and Fire Codes.
Strict adherence to National, State, and Local Fire Codes, particularly fire
stopping will be required.

D. The Contractor shall patch all openings remaining around and inside all
conduit, sleeves and cable penetrations to maintain the integrity of any fire
rated wall, ceiling, floor, etc. The fire stop system shall consist of a dielectric,
water resistant, non-hardening, permanently pliable/re-enterable putty along
with the appropriate damming materials (where required).  The sealant must
be capable of being removed and reinstalled and must adhere to all
penetrants and common construction materials and shall be capable of
allowing normal wire/cable movement without being displaced.

E. All building conduits and sleeves installed and/or used under this
Specification shall be fire stopped, or re-fire stopped, upon cable placement
through such passageways.

F. Manufacturer's recommended installation standards must be closely followed
(i.e. minimum depth of material, use of ceramic fiber and installation
procedures).

PART 3 – EXECUTION

3.1 GENERAL

A. Installation shall include:

1. Delivery, unloading and setting in place of equipment.

2. Fastening equipment to walls, floors, ceilings, or other structure as
required.

3. Interconnecting wiring of the system components.

4. Equipment alignment and adjustment.

5. Other work required to result in complete and operational systems.

B. If in the opinion of the Contractor, an installation practice is desired or
required, which is contrary to these specifications or drawings, a request for
modification shall be made in writing to the Owner.  Modifications shall not
commence without written approval from the Owner.

C. Prevent and guard against electromagnetic and electrostatic interference, and
install the equipment to provide safety for the operator.
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D. Coordinate ordering and installation of equipment with long lead times or
having a major impact on work by other trades so as not to delay the job or
impact the schedule.

E. All equipment shall be installed in accordance with manufacturer’s
instructions.

F. Provide access to equipment and components requiring operation, service or
maintenance within the life of the system.

G. Verify correctness of parts list and equipment model numbers and
conformance of each component with manufacturer’s specifications.

H. No equipment shall be hidden or covered up prior to inspection by the Owner.
Work that is determined to be unsatisfactory shall be corrected immediately.

I. The contractor shall be responsible for damage to surface or work disrupted
as a result of contractor’s work.  Repair of surfaces, including painting, and
patching, shall be included as necessary.

J. Edges of holes which cables pass through shall be covered with rubber or
nylon grommets.

K. Equipment and enclosures shall be mounted plumb and square.

3.2 EXAMINATION

A. Examination of Premises: Visit Site to become familiar with local conditions
under which work is to be performed and correlate observations with
requirements of Contract Documents.  No allowance shall be made for claims
for concealed conditions which Contractor, in exercise of reasonable diligence
in observations of site and local conditions, should have learned of.

B. Inspect and review related electrical work to verify correct voltage, polarity,
and grounding prior to interfacing power with audiovisual equipment.
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C. Before  ordering  materials  or  doing  work,  verify  measurements  and  be
responsible  for correctness of same.

1. No extra charge or compensation allowed for duplicate work or material
required because of unverified difference between actual dimension and
measurement indicated on Drawings.

2. Submit  discrepancies  found  in  writing  to  the  Owner  for  consideration
before proceeding with Work.

D. Facility Review:    Conduct  walk  through  with  the Owner of  work  areas,
describing specific work methods and proposed schedules, before
commencing work, enabling the Owner to identify areas of concern, desired
installation timetables and review important procedural and safety
precautions.

E. Prior to start of installation, meet at project site with the Owner and other
trades performing related work to coordinate efforts.  Review areas of
potential interference and resolve conflicts before proceeding with work.

F. Examine areas and conditions under which system is to be installed.  Do not
proceed with work until satisfactory conditions have been achieved.  Notify
the Owner if conditions are unacceptable and schedule will be affected.

G. The  Drawings  are  diagrammatic  in  nature  and,  unless  explicitly
dimensioned,  indicate approximate locations of equipment and components.
Changes in the location, and offsets of equipment and components which are
not shown on the Drawings but are necessary in order to accommodate
building conditions and coordination with the work of other trades, shall be
made prior to installation, without additional cost.

3.3 ROUGH-IN

A. Before construction work commences, visit site and identify exact routing for
pathways.  Identify required core locations.

B. Equipment Locations:  Coordinate with other trades, other renovation
projects, and existing conditions to eliminate interference with required
clearances for equipment maintenance and inspections.
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1. Provide easy, safe, and code mandated clearances at equipment racks
and enclosures, and other equipment requiring maintenance and
operation. If it is determined that ample maintenance and passage space
has not been provided, rearrange work and/or provide other equipment as
required for maintenance space.

2. Coordinate work with other trades and existing conditions to determine
exact routing of cable tray, hangers, conduit, etc., before fabrication and
installation. Where more than one trade is involved in area, space, or
chase, cooperate to utilize space appropriately in relation to their
individual requirements.

3. Coordinate work in open ceilings.   Where cable tray, hangers, conduits,
cables are exposed route infrastructure perpendicular to finishes and other
building systems. Route infrastructure to reduce locations where trade
work transition from/to exposed areas.

4. Bring changes in size or location of material or equipment necessary to
meet field conditions or in order to avoid conflicts between trades to
immediate attention of the Owner before such alterations are made.

5. Verify with the Owner exact location and mounting height of equipment in
finished areas, such as equipment racks, communication, and electrical
devices.

3.4 MOUNTING REQUIREMENTS

A. Work shall be installed level and plumb, parallel and perpendicular to other
building systems and components.

B. Permanently attach equipment to the building structure with a minimum safety
factor of 5. Suspended components that move or are otherwise subjected to
continuous wear or friction shall be supported with a minimum safety factor of
8. When a higher safety factor is recommended by an equipment
manufacturer or required by the AHJ, the more stringent requirement shall be
met.

C. Do not attach equipment in a manner that weakens or overloads the building
structure.

D. Attain the stamped approval of a licensed Structural Professional Engineer for
equipment that is attached in a manner or location that could impact the
integrity of the building structure or cause personal injury.
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E. Install equipment with the ability for minor adjustment as required for
optimization.

F. Loudspeaker enclosures shall be supported from the building structure or
from the ceiling suspension system in acoustical tile ceilings with a safety wire
fastened to the building structure.

3.5 PENETRATIONS

A. Conduit and Sleeve Openings:   Shall be waterproofed and fireproofed in
compliance with applicable codes and regulations.

B. Firestopping:   Fire-stop openings and penetrations through fire and smoke
rated wall and floor assemblies in accordance with Section 078400 -
Firestopping.

1. Fire-stop System Inside of Conduits:

a. Use only dielectric, water resistant, non-hardening, permanently
pliable/re- enterable putty along with appropriate damming or backer
materials.

b. Use sealant capable of being removed and reinstalled.

c. Sealant shall adhere to penetrants and common construction
materials and be capable of allowing normal wire/cable movement
without being displaced.

2. Add fire-stop pillows rated for sealing existing cable tray penetrations
through firewall.

3. Patch openings remaining around and inside conduit, sleeves, and cable
penetrations to maintain integrity of fire rated assembly.

3.6 CONCEALMENT

A. The Contractor shall confirm that all conduit and backboxes are positioned
and installed correctly allowing concealment of all exposed audiovisual
cabling in all work and public areas in and around audiovisual equipment and
devices.

B. The Contractor shall use new or existing conduit and surface raceway where
possible and practicable.  All work shall be concealed above ceilings and in
walls, below slabs, and elsewhere throughout building unless otherwise
noted.  If concealment is impossible or impractical, the Owner’s
Representative shall be notified before starting that part of the work.  In areas
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with no ceilings, install only after Owner’s Representative reviews and
comments on arrangement and appearance.

3.7 WATERPROOFING

A. The Contractor shall seal all foundation penetrating conduits and all service
entrance conduits and sleeves to eliminate the intrusion of moisture and
gases into the building.  This requirement also includes spare conduits
designated for telecommunications use.

B. Spare conduits shall be plugged with expandable plugs.

C. All service entrance conduits through building shall be sealed or resealed
upon cable placement.

3.8 WORKMANSHIP

A. Materials and standards shall meet or exceed industry standards and be fully
guaranteed for one full year from final acceptance.

B. Cable integrity and associated terminations shall be thoroughly inspected,
fully tested and guaranteed as free from defects, transpositions, opens-
shorts, tight kinks, and damaged jacket insulation.

C. Labor  must  be  thoroughly  competent  and  skilled,  and  work  shall  be
executed  in  strict accordance with the best practices of the trade.

D. Installation shall be done in conformance with the manufacturers’ design and
installation guidelines. Failure to follow the appropriate guidelines will require
the Contractor to provide in a timely fashion the additional material and labor
necessary to properly rectify the situation.

3.9 ELECTRICAL POWER, GROUNDING AND BONDING

A. No power cord from equipment shall have its third prong (ground) removed or
defeated.

B. Label each outlet within each rack to reflect which circuit is feeding it.

C. Establish only one ground connection path between equipment in the system.
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D. Do not place audiovisual distribution cabling alongside power lines or share
the same conduit, channel or sleeve with electrical apparatus.

E. Provide cable service loops at devices for inspection, minor adjustment, and
future flexibility.

3.10 OPEN-TOP CABLE SUPPORT (J-SUPPORT)

A. Comply with Section 270528.29 – Hanger and Supports for Communications
Systems.

3.11 INSTALLATION

A. The Contractor shall provide all new equipment, devices, cable, cabinets,
patch panels, cover plates, interface, related hardware, distribution,
termination equipment, electronic equipment, and other equipment associated
with this project.

B. The Contractor shall be responsible for the proper placement of all A/V
equipment, devices, mounting structures or apparatuses, cabling, cabinets,
patch panels, cover plates, interfaces, and related hardware, as well as all
distribution, termination, and electronic equipment.

C. The Contractor shall obtain the approval of the Owner’s Representative for
the final layout of audiovisual equipment, devices and audiovisual closets
prior to the installation of any materials or equipment.  Shop drawings
showing a proposed equipment locations and closet layout shall be submitted
within one (1) week after beginning installation (see below).

D. The Contractor shall furnish its best skill and judgment in performing the
services described herein.  The Contractor shall furnish an adequate supply
of technicians and materials at all times, and shall perform the work in the
most appropriate, expeditious, and economical manner consistent with the
interests of the Owner’s Representative.

E. The Contractor shall be responsible to the Owner’s Representative for the
acts and omissions of its employees, subcontractors and their agents and



COMMON WORK RESULTS FOR WHCRWA
AUDIOVISUAL SYSTEMS AND EQUIPMENT CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
COMMON WORK RESULTS FOR AUDIOVISUAL SYSTEMS AND EQUIPMENT

27 41 00 - 22 OF 24

employees, and other persons performing any of the work under a contract
with the Contractor.

F. The Contractor shall not unreasonably encumber the site with any material or
equipment. Operations shall be confined to areas permitted by law, permits,
and contract documents.

G. The Contractor shall have an experienced Owner’s Representative on site at
all times when work is in progress on any project.  The individual who
represents the Contractor shall be the single point of contact between the
Contractor and the Owner’s Representative, and shall be responsible for the
entire project.  This representative shall be able to communicate with the
Owner’s Representative whenever requested throughout the life of the
project.

H. While working in the facility, the Contractor shall not block any entrances,
egresses, or other passageways that are necessary for normal, safe
operation.  It should be noted that the Contractor is responsible to provide any
lifts, hand trucks, etc. that it will need to transport its materials and equipment
throughout the site.

I. The Contractor shall protect all buildings, walls, floors, and property from
damage resulting from the installation.  Any and all damage to property shall
be repaired by the Contractor at its expense.  If the Contractor enters an area
that has damage (not caused by the Contractor), the Contractor shall
immediately bring this to the attention of the Owner’s Representative so the
area can be appropriately noted.

J. Following each day’s work, the Contractor shall clean up the areas in which it
has been working, and dump all trash in the appropriately designated areas.

END OF SECTION
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SECTION 27 41 13

FRONT PROJECTION SCREENS

PART 1 – GENERAL

1.1 SUMMARY

A. Minimum composition requirements and/or installation methods for
following materials and work are included in this section:
1. Electrically Operated Projection Screens.

B. Related Requirements: Comply with following:
1. Section 061000 – Rough Carpentry: Substrate support.

2. Section 092900 – Gypsum Board.

3. Division 26 – Electrical: Building power system.

4. Section 274100 – Common Work Results for Audiovisual Systems and
Equipment.

5. Section 274116 – Integrated Audiovisual Systems and Equipment.

C. Coordinate with Government’s Representative for blocking and framing
requirements for projection screens in project.

D. Products Installed but Not Furnished Under this Section:
1. Substrate support for projection screens.

2. Power and cut-off to controls for electrically operated projection screens.

1.2 SYSTEM DESCRIPTION

A. Provide projection screens to spaces as indicated in the Drawings.
B. Refer to Section 274116 – Integrated Audiovisual Systems and Equipment
C. Design Requirements:  Minimum gain of screen viewing surface at 0 degree

axis is required to be 1.0.
D. Performance Requirements:

1. Flame Resistance: Tested and passed NFPA 701 or FS-191A/5903
and FS-GG-S-00172D (1) requirements.

2. Mildew Resistance: Determined by FS 191A/5760.

1.3 REFERENCES

A. Section 274100 – Common Work Results for Audiovisual Systems and
Equipment.
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1.4 DEFINITIONS

A. Gain: Indication of screen’s luminance or brightness measured perpendicular
to screen center and relative to magnesium carbonate block, which serves
as standard for 1.0 gain. Higher numbers indicate greater brightness.

B. Viewing Angle:  Horizontal angle from perpendicular center of screen at
which gain or brightness decreases by 50%.

C. Format: Proportion of projection screen viewing area expressed as a ratio of
height to width.
1. Square: 1.0 to 1.0

2. Cinemascope or Anamorphic Format: 1.0 to 2.35.

3. HDTV Format: 1.0 to 1.78.

4. Letterbox/Widescreen: 1.0 to 1.85.

5. NTSC or Video Format: 1.0 to 1.33.

6. Wide Format: 1.0 to 1.67.

1.5 SUBMITTALS

A. General:   Submit in accordance with Section 013300 – Submittal
Procedures and Section 274100 – Common Work Results for Audiovisual
Systems and Equipment.

B. Product Data and Installation Instructions: Submit for products included within
this specification section.
1. Shall include, but not be limited to, the following:

a. Details indicating structural substrate required for mounting housing
brackets.

b. Identification and ratings of components, details of construction and
materials.

c. Integration of screen with adjacent surfaces.

d. Wiring diagram and identification of wiring terminals for electrically-
operated units.

e. Reflected Ceiling Plans, and Sectional View drawings showing the
layout for system devices within the facility.

f. Symbols Legend.

g. Drawing Index and Title Page.

h. Binder containing product data sheets for equipment.

1) This should be organized logically by system.

2) Where a data sheet shows more than one product, indicate the

model being proposed  with  an  arrow  or  other  appropriate

symbol. Identify all optional accessories and or finishes as
appropriate.
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3) An index shall be included for reference.

i. Project schedule including the following milestones:

1) Submittal packages.

2) Equipment procurement.

3) Installation.

4) Substantial completion.

5) Acceptance testing.

2. Provide after the award of contract, but prior to equipment procurement
and installation.

3. Shop drawings and data sheets shall be provided as a single
comprehensive package. Partial submittals shall only be accepted with
prior consent from the Owner.

C. Colors and Finishes: Submitted and approved by Architect prior to order.
D. Product Samples:

1. Samples:  12 by 12 inch pieces of projection screen material for approval
prior to order.

1.6 QUALITY ASSURANCE

A. Single Source Responsibility: Obtain each type projection screen from single
manufacturer, including accompanying accessories necessary for mounting
and operation.

B. Manufacturer Qualifications: Minimum twenty years’ experience in
production of electric projection screens specified.

C. Motors for electric screens shall be certified by Underwriters Laboratory
(UL), Inc. and shall bear UL label.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Comply with Section 016000 – Product Requirements.
1. Do not deliver projection screens until building is enclosed, work on

screen area is substantially complete and screen installation is ready to
occur.

2. Deliver screen in manufacturer’s undamaged, labeled packaging.

3. Protect screen surfaces from abrasion and other damaging effects
before, during and after installation.

4. Keep units in manufacturer's protective packages until time of installation

1.8 WARRANTY

A. Special Warranty:  Comply with Section 017000 – Execution and Closeout
Requirements and Section 274100 – Common Work Results for Audiovisual
Systems and Equipment.
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1. Include coverage against screen fabric turning yellow or deteriorating in
image resolution, contrast, or optical performance.

PART 2 – PRODUCTS

2.1 ELECTRICALLY OPERATED PROJECTION SCREENS

A. Recessed, plenum rated, electrically operated, retractable projection screen
with rigid metal roller housing screen motor.

B. Screen Surface:  Flame and mildew resistant, smooth, white, vinyl coated
fiberglass screen that can be rolled, folded and cleaned with mild soap and
water solution.

C. Tab Tensioning System:
1. Include tab and cable guide on each side of fabric to maintain even,

lateral tension and hold viewing surface flat.

2. Bottom end of fabric to be inserted into a custom aluminum slat bar with
added weight to provide vertical tension on the screen surface.

D. Edge Treatment: 2 inches of black masking border.
E. Black Drop: Provide black drop at top of image area as required allowing

proper image height above finished floor as defined in drawings.
F. Extra Drop: Coordinate and provide extra drop at top of viewing area in

addition to black drop required above.
G. Screen Case:

1. Extruded aluminum with steel end brackets designed to receive mounting
hardware.

2. Ceiling Flange: Fabricate case with bottom flange to accommodate
adjacent ceiling finish when recessed in ceiling.

3. Mounting Brackets: As required for installation.

4. Case Bottom: Self-trimming with built-in flange and concealed hinged
aluminum access panel.

H. Seam Location: None.
I. Adjustable roller brackets:  Provide adjustable roller mounting brackets to

allow centering or offsetting screen within case.
J. Manufacturer's standard UL Listed and marked units.
K. Operation:

1. Accessible electric motor mounted inside screen roller on rubber
isolation insulators, 120 VAC 60 Hz, size and capacity for screen size, left
mounted.

2. Instantly reversible, with lifetime lubrication.

3. Limit Switches: Pre-set, adjustable switches to automatically stop viewing
surface in up and down position.

4. Equip with noise silencer, automatic thermal overload protection, integral
gears, capacitor, and electrical brake to prevent coasting.
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L. Screen Controls:
1. Low voltage control unit with three button switches and cover plate to

stop or reverse screen at any point.

2. Provide additional control point, such that operation of screen can be
controlled by space’s AV control system.

M. Ceiling Recessed.
N. Flush Mount:  Allow finish ceiling material to align with same finish ceiling

material over case edges and bottom closure.
O. 16:10 Aspect Ratio
P. Size:  150” Diagonal.
Q. Acceptable Manufacturers:

1. Stewart Filmscreen Corporation.

2. Dalite

3. Draper Screen Co. Inc.

4. Or approved equal

PART 3 – EXECUTION

3.1 EXAMINATION

A. Ensure construction, painting, finishing and clean-up is substantially
complete in area of installation to avoid damage to optical surface.

3.2 PREPARATION

A. Verify finish ceiling elevations for locating screens at proper heights.

3.3 INSTALLATION

A. Electrically Operated Projection Screens:
1. Install projection screens in spaces indicated.

2. Mounting Brackets: Secure to structure with approved fasteners.

3. Install recessed projection screens prior to installation of ceiling.

4. Install projection screens at locations and heights indicated on Drawings.
Verify locations in field with Architect.

5. Install screens securely to supporting substrate so that screens are level
and back of case is plumb.

6. Screen Controls: Locate where indicated.

7. Exposed wiring or conduit not allowed.

8. Connect motor and controls to building power system. Coordinate
installation with Electrical Contractor.

9. Interface with associated audiovisual control system



WHCRWA
FRONT PROJECTION SCREENS CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
FRONT PROJECTION SCREENS

27 41 13 - 6 OF 8

3.4 ADJUSTING, CLEANING AND PROTECTION

A. Do not use solvents or abrasive cleaners of any type.
1. Clean only with mild soapy water and soft lint-free cloths.

2. Blot dry to remove excess moisture.

B. Protect finished work in accordance with Section 015000 – Temporary
Facilities and Control.
1. Protect projection screens from damage or defacement until final

completion and acceptance of the project by the Owner.

2. Replace damaged units prior to final completion at no additional cost to
the Owner.

3.5 SYSTEM SETUP AND PERFORMANCE VERIFICATION

A. Preparation:
1. Interior finishes and furnishings shall be in place for these tests.

2. HVAC system is to be balanced and in operation.

3. Remove boxes and debris from the project site.

B. General Setup:
1. Verify that components are free from rough or jagged edges.

C. Testing and Inspection:
1. Ensure screens properly extend and retract and that screen is level and

viewing surface is plumb and free of vibration when extended.

2. Verify controls, limit switches, and other components function as
designed and meet project requirements.

3. Operate each screen a minimum of three times to ensure viewing
surfaces extend and retract through full range of motion.

4. Adjust to correct deficiencies.

3.6 DEMONSTRATION AND INSTRUCTION

A. Upon completion of the system installation and acceptance procedure,
provide system training and orientation for the Owner’s personnel.  An
individual intimately familiar with the equipment in the system and qualified to
explain it in detail should conduct the training. When an employee capable of
providing such training is not available, retain the services of someone
qualified to do so at no additional fee.

B. Conduct the training prior to the Owner using the system for the first time
to ensure proper usage.  If necessary, conduct the training at a time outside
of normal business hours at no additional fee.

C. Operator's Training
1. This course shall be taught at the project site for a period of (2)

consecutive training days for each audiovisual system during or after the
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Contractor's field testing, but immediately before commencing the
performance verification test.

2. A maximum of 8 staff members shall attend this course.

3. Operator’s Training at a minimum shall include but not limited to:

a. General System architecture and description.

b. Functional operation of the system.

c. Operator functions

d. General Maintenance.

e. Alarm reporting.

f. Diagnostics.

4. The course shall also include instruction on the specific hardware
configuration of the installed system and specific instructions for operating
the installed system. Upon completion of this course, each student shall
be able to start the system, operate the system, recover the system after a
failure, and describe the specific hardware architecture and operation of
the system.

5. Students shall have completed the system overview training prior to taking
this course

6. NOTE: No part of the training given during this course shall be counted
toward completion of the performance verification test.

D. System Administrator Training
1. Up to four (4) staff shall be trained for at least two (2) consecutive days.

The staff attending this course shall have previously successfully
completed the operator training course(s). It shall occur at least 1 month
prior to the start of performance testing as for the test.

2. It shall cover but not limited to:

a. Physical review of installed systems.

b. Review of systems documentation and test results.

c. Instructions on standard care and maintenance methods to enable
Owner’s personnel to successfully maintain system.

d. Additional Owner requirements defined during project

e. Video System administration policy and procedures.

f. Control system administration policy and procedures.

g. Audio System policy and procedures.

h. System recovery policy and procedures.

i. System maintenance procedures.
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END OF SECTION
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SECTION 27 41 16 
INTEGRATED AUDIOVISUAL SYSTEMS AND EQUIPMENT 

PART 1 – GENERAL 

1.1 SUMMARY 

A. Minimum composition requirements and/or installation methods for following 
materials and work are included in this section: 

1. Integrate   audiovisual systems, equipment, hardware, cables, 
accessories and qualitative assessment of performance. 

B. Related Requirements: Comply with the following: 

1. Section 274100 – Common Work Results for Audiovisual Systems and 
Equipment 

2. Section 013300 – Submittal Procedures 

C. Related Documents and Sections: 

1. Section 274100 – Common Work Results for Audiovisual Systems and 
Equipment. 

2. Section 274113 – Front Projection Screens. 

3. Section 271500 – Communications Horizontal Cabling. 

1.2 SYSTEM DESCRIPTION 

A. Offices 131, 132 & 133 

1. These rooms will support multimedia presentations.  

2. Provide wall-mounted 43” HD (1920x1080, 60Hz, 500nit) LED flat panel 
displays as shown on the drawings. 

3. AV sources shall include: 

a. Provide digital HDMI video inputs at recessed wall mounted faceplate 
at computer desk.  

b. Comcast CATV 

c. CCTV 

d. Chromecast 

e. Apple TV 

f. SCADA 

4. Provide twisted pair transmitters and receivers for optimal quality of video 
and audio signals to and from the source and displays. 

5. Playback of audio shall be provided by the LED flat panel display’s 
loudspeakers. 



INTEGRATED AUDIOVISUAL SYSTEMS WHCRWA 

AND EQUIPMENT CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION 
INTEGRATED AUDIOVISUAL SYSTEMS AND EQUIPMENT 

27 41 16 - 2 OF 39 

 

6. Control of all video and audio sources shall be provided by the LCD’s 
handheld remote controller.   

B. Break Room 134 

1. This room will support multimedia presentations.  

2. Provide wall-mounted 60” HD (1920x1080, 60Hz, 500nit) LED flat panel 
display as shown on the drawings. 

3. AV sources shall include: 

a. Comcast CATV 

b. Chromecast 

c. Apple TV 

4. Provide twisted pair transmitters and receivers for optimal quality of video 
and audio signals to and from the source and displays. 

5. Playback of audio shall be provided by the LED flat panel display’s 
loudspeakers. 

6. Control of all video and audio sources shall be provided by the LCD’s 
handheld remote controller.   

 

C. Conference Room 136 

1. This room independently will support large face-to-face meetings, video 
teleconferencing (VTC), and multimedia presentations. 

2. The space shall support a presenter at one of the two floorboxes.  
Floorbox will come with connectors for analog RGB with audio, digital 
HDMI video, and USB to Ethernet adapter for VTC. 

3. Provide (1) USB 3.0 video teleconferencing camera with 10x optical zoom 
and 61 degree field of view and HD resolution.  One to be wall mounted 
directly below display on South wall. 

4. Provide wall-mounted LED flat panel displays as shown on the drawings. 

a. North wall to have (1) 80” full HD (1920x1080, 60Hz, 500nit) LED 
video display. 

b. South wall to have (1) 80” full HD (1920 x 1080, 60Hz, 500nit) LED 
video display. 

5. AV sources shall include: 

a. Provide analog RGB with audio and digital HDMI video inputs at one 
floorbox.  

b. Comcast CATV 

c. CCTV 

d. Chromecast 
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e. Local Blu-ray player 

f. Apple TV 

g. SCADA 

6. Provide twisted pair transmitters and receivers for optimal quality of video 
and audio signals to and from the source and displays. 

7. Provide video scalers for displays as required. 

8. Playback of audio shall be provided by (4) 6.5” 2-way 50 Watt 8, Ohm 
ceiling-recessed loudspeakers. 

9. Provide 10” touch screen AV control interface at table top.  Touch screen 
to come with tilt tabletop mount, and wireless.  Touch screen to control all 
audio and video sources, including displays and speakers. 

10. Provide additional keypad with engraved buttons or touch screen AV 
control interface recessed adjacent to entry to space. 

11. Provide system switcher to meet the function AV requirements of this 
room, to be rack-mounted in IT Room. 

12. Rack-mountable equipment shall be in IT Room. 

D. Board Room 102 

1. This room independently will support larger face-to-face meetings, video 
teleconferencing (VTC), and multimedia presentations. 

2. The space shall support a presenter at either of two podium locations fed 
from floorboxes in-grade.  Floorboxes will come with connectors for 
analog RGB with audio, digital HDMI video, and USB to Ethernet adapter 
for VTC.  The podiums shall be outfitted with a gooseneck microphone, 
AV inputs, and touchscreen controller. 

3. Provide (1) USB 3.0 video teleconferencing camera with 10x optical zoom 
and 61 degree field of view and HD resolution.  One to be wall mounted 
directly below display on East wall. 

4. Provide (2) recessed ceiling-mounted projection screens.  Provide all 
cabling and extension devices as required.  Projection screen to be 
motorized and be provided with raise/lower momentary contact keypads 
by screen manufacturer, and also be integrated into AV control system.  
Projection screens to be 200” diagonal (98.1” x 174.3”) with 16:9 aspect 
ratio, black masking borders, 4K Ultra HD, Active 3D, and HDR ready. 

5. Provide (2) ceiling mounted laser projectors with minimum 20,000 lumens 
and 4K resolution capability. 

6. Provide wall-mounted LED flat panel displays as shown on the drawings. 

a. South wall to have (2) 80” full HD (1920 x 1080, 60Hz, 500nit) LED 
video displays.  North Wall to have (2) 80” full HD (1920 x 1080, 
60Hz, 500nit) LED video displays. 
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7. AV sources shall include: 

a. Provide analog RGB with audio and digital HDMI video inputs at each 
floorbox for podiums.  

b. Comcast CATV 

c. CCTV 

d. Chromecast 

e. Local Blu-ray player 

f. Apple TV 

g. SCADA 

8. Provide twisted pair transmitters and receivers for optimal quality of video 
and audio signals to and from the source and projectors/displays. 

9. Provide video scalers for projectors/displays as required. 

10. Playback of audio shall be provided by (24) 6.5” 2-way 50 Watt 8, Ohm 
ceiling-recessed loudspeakers. 

11. Provide handheld microphone lavalier wireless system with hearing assist 
antennae, and wireless microphone antennae installed throughout space. 

12. Provide wireless HDMI connection presentation system.  System to be 
equivalent to Barco ClickShare CSE-200+ Wireless Presentation System. 

13. Provide table-top tilt-mount 10” touch screen AV control interface at both 
presentation floor box locations.  Touch screen to come with tilt tabletop 
mount, and wireless.  Touch screen to control all audio and video 
sources, including projectors, displays and speakers. 

14. Provide additional keypad with engraved buttons or touch screen AV 
control interface recessed adjacent to entry to space.  Keypad to 
additionally provide control of integrated lighting, motorized shades and 
AV. 

15. Provide system switcher to meet the function AV requirements of this 
room, to be rack-mounted in IT Room.  Provide dedicated PC in rack with 
keyboard, mouse and monitor: 

a. PC 

1. Manufacturers:  Dell Inc., HP, Lenovo or equivalent 
2. Capable of running Microsoft Windows 10 
3. Energy Star Compliant 
4. Processor:  Minimum Speed-2.80 gigahertz, Cores-Quad, Series-

Core I8 
5. RAM:  Capacity-8GB, Speed & Type-1333 MHZ, DDR4 
6. Primary Hard Drive:  Media-Solid State, Number of Hard Drivers-

Two, Capacity-128GB, Minimum Average Seek Time-2666MT/s, 
Cache Buffer Size-64MB 
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7. Primary Hard Drive:  Media-Solid State, Number of Hard Drivers-
Two, Capacity-128GB, Minimum Average Seek Time-2666MT/s 

8. Optical Read & Write Drive:  Include with at least 2MB of data 
buffer, Type-Blue-Ray, Minimum Average Access Time-9ms, 
Nominal Data Transfer Rates-Reading-8GB/s|Writing-8GB/s, 
Average Access Time of 150ms or Less, MTBF of at least 100,000 
power-on hours 

9. Expansion Slots:  minimum of 4, 64-bit 
10. Video Card:  Capable of Supporting (2) monitors, Resolution-1920 

by 1200 pixels minimum for each monitor, RAM-8GB, Controller 
Speed-1250GHz, On-Board Memory Speed-1750GHz, On-Board 
Memory Data Width-256 bit. 

11. Sound Card:  At least 128 voice wavetable synthesis, Capable of 
delivering three-dimensional sound effects, High-Resolution 16-bit 
stereo digital audio recording and playback with user-selectable 
sample rates up to 48,000 Hz 

12. Network Interface Card:  Include card with connection, 10-100-
1000 base TX Ethernet with RJ45 connector port, 100 base FC 
Ethernet with SC or ST port 

13. Optical Modem:  Full duplex link for connection to optical fiber 
cable provided 

14. I/O Ports:  (2) USB 3.0 ports on front panel (6) on back panel (3) 
on internal of motherboard, (1) serial port, (1) parallel port, (2) 
PS/2 ports, (1) RJ-45 port, (2) stereo line-in and line-out on back 
panel, (1) microphone and headphone connector on front panel, 
(1) IEEE 1394 on front and back panel with workstation I-e card, 
(1) ESATA port on back panel. 

15. Battery:  Life of at least (3) years to maintain system 
clock/calendar and ROM, as a minimum. 

b. Keyboard 

1. 101 key enhanced keyboard. 
2. Full upper- and lowercase ASCII keyset, numeric keypad, 

dedicated cursor control keypad, and 12 programmable function 
keys. 

3. Wireless operation within up to 72 inches (1800 mm) of 
workstation. 

c. Pointing Device 

1. Either a two- or three-button mouse. 
2. Wireless operation within up to 72 inches (1800 mm) in front of 

workstation. 
d. Flat Panel Display Monitor 

1. Number of Displays:  1 
2. Display Support:  Rack Mounted, adjustable bracket capable of 

supporting number of monitors specified above with integral power 
and display cable organization. 
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3. Color Display with 19” diagonal viewable area. 
4. Aspect Ratio:  16 to 9 
5. Resolution:  1920 by 180 pixels at 60 Hz with pixel size of 0.277 

mm or smaller. 
6. Digital Input Signal. 
7. Response Time:  5 ms 
8. Dynamic Contrast Ratio:  50000 to 1. 
9. Brightness:  250 cd/sq m. 
10. Energy Star Compliant 
11. Antiglare display 
12. 1RU Rackmount Integrated LCD Drawer 

e. Speakers 

1. Two, with individual controls for volume, bass and treble. 
2. Signal to noise ratio:  at least 65 dB 
3. Power:  at least 4W per speaker/channel 
4. Magnetic shielding to prevent distortion on the video monitor 

f. Software 

1. Factory installed operating system 
g. I/O cabling:  Include applicable cabling to connect I/O devices. 

16. Rack-mountable equipment shall be in IT Room. 

E. Comcast Television Programming 

1. The building will be provided with television coax distribution system of 
cabling, amplifiers, splitters, etc. providing cable television and other 
programming channels to the various AV displays and equipment as 
defined in this specification. The contractor shall provide equipment and 
high definition TV tuners as required to displaying this content on the AV 
systems.  Coordinate with the Owner as required.  

F. Audiovisual Control 

1. Provide control of all major pieces of the room’s audiovisual equipment. 

2. Within each AV enabled room, upon connection of a video source, the 
system shall sense the input signal, activate the system, and route that 
signal to the display(s). In the case of multiple video source connection, 
the system shall route the last connected source to the display(s). 

1.3 REFERENCES 

A. Reference Standards:  See Section 274100 – Common Work Results for 
Audiovisual Systems & Equipment. 

1.4 CONTRACTOR QUALIFICATIONS 

A. Employ at least one control system programmer certified by the 
manufacturer of the control system utilized in the project. 
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B. Employ at least one engineer holding a current Certified Technology 
Specialist – Design (CTS-D) certification by InfoComm International.  The 
engineer shall be assigned to oversee technical aspects of the project. 

C. Employ at least one technician holding a current Certified Technology 
Specialist – Installation (CTS-I) certification by InfoComm International.  The 
technician shall be assigned as the lead field technician overseeing the 
installation. 

1.5 SUBMITTALS 

A. General: 

1. Comply with Section 013300 – Submittal Procedures and Section 
274100 – Common Work Results for Audiovisual Systems and 
Equipment. 

B. Installation Submittals: 

1. Shall include, but not be limited to, the following: 

a. System wiring diagrams showing equipment manufacturer and 
model numbers, point-to-point connectivity diagrams, cable types, and 
cable identifiers for equipment including ancillary devices. 

b. Rack elevation d raw ings  show in g  eq u ipm en t  l ayou t  w i t h i n  
eac h  r ac k , rack  accessories, and power/grounding layout within 
each rack. 

c. Plate and Panel drawings showing finish, color, nomenclature, 
connectors, and other pertinent fabrication instructions for custom 
plates and panels in the systems. 

d. Floor Plans, Reflected Ceiling Plans, and Sectional View drawings 
showing the layout for audiovisual devices within the facility. 

e. Riser drawings showing cable routing between racks and external 
devices.  

f. Detail drawings including: 

1) Custom equipment mounting.  

g. Symbols Legend. 

h. Cable schedules. 

i. Drawing Index & Title Page. 

j. Binder containing product data sheets for equipment. 

1) This should be organized logically by system. 

2) Where a data sheet shows more than one product, indicate the 
model being proposed with an arrow or other appropriate symbol. 

3) An index shall be included for reference. 
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k. Project schedule including the following milestones: 

1) Submittal packages. 

2) Equipment procurement, indicate equipment with long lead times. 

3) Rack fabrication. 

4) Installation. 

5) Substantial completion. 

6) Acceptance testing. 

7) The Owner/user training. 

l. Control System Submittal: 

1) Prior to control system programming, the Contractor shall submit 
for approval electronic samples of touch panel and button panel 
layouts with functionality descriptions of buttons. 

2) Submit for approval electronic samples of the asset 
management software interface. 

3) Edit  and  develop  these  layouts  in  coordination  with  the  
Owner’s Representative without claim for additional payment. 

2. Provide after the award of contract, but prior to equipment procurement 
and installation. 

3. Shop drawings and data sheets shall be provided as a single 
comprehensive package. 

a. Partial submittals shall only be accepted with prior consent from 
the Owner’s Representative. 

C. Substantial Completion Submittal: 

1. Refer to Section 274100  –  Common  Work  Results  for  Audiovisual  
Systems  and Equipment. 

D. Closeout Submittal: 

1. Refer to Section 274100  –  Common  Work  Results  for  Audiovisual  
Systems  and Equipment. 

PART 2 – PRODUCTS 

2.1 SPECIFIC EQUIPMENT 

A. The equipment specified in this section is intended to present the major 
components and performance requirements of the systems and to provide 
information on the systems to be installed. It is the responsibility of the 
contractor to determine the exact quantities of equipment and accessories to 
produce a complete and functional system consistent with the design intent, 
Construction Drawings and these Specifications. Provide any additional 
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equipment and accessories as required devices, materials, labor, and 
services necessary to complete or perfect all parts of the equipment rooms 
and spaces, and to ensure that they are in compliance with requirements 
stated or reasonably inferred by this specification and the Construction 
Drawings. 

 

B. The Owner-Furnished Equipment (OFE): Accept equipment upon removal, 
perform a general cleaning, test for proper operation, and install in 
accordance with project guidelines. 

2.2 CONTROL SYSTEM AND SOFTWARE 

A. A Control System shall be provided to operate all Audiovisual Systems in 
each of the rooms as indicated on the drawings.  The control system shall 
operate by stored program control.  The operating program shall be fully 
customizable to allow for user defined panel displays and operating modes.  
A version of the user interface shall be available for installation on a personal 
computer to allow a data network attached computer to operate the system 
either in place of, or in addition to the touch screen panels to be provided. 

B. For the Control System and software, a single manufacturer shall be provided 
capable of provisioning all of the required electronic hardware systems to 
ensure a complete, installed system is covered under a comprehensive 
warranty/service system for all future projects, adds, moves and changes. 
Contractor is to furnish and install the required quantities of each component 
necessary for a complete and operating system 

C. The control system shall be capable of providing all control functions provided 
by the manufacturer for the following minimum equipment: 

1. Projectors and projector screens 

2. LED Flat Panel Displays 

3. System Switchers 

4. Audio system components: 

a. Power amplifiers. 

b. Automatic microphone mixers and audio hybrid system. 

c. Digital signal processors. 

d. Microphones. 

D. The main integrated controller can be integrated into the system switcher or 
be rack-mountable and housed with the other AV equipment in IT Room rack 
as indicated on the drawings. 

E. At minimum, the control system interface shall provide the following 
communications ports types: 

1. Contact closure. 
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2. Programmable digital input/output. 

3. Infrared. 

4. Bi-directional serial ports for RS-232 or RS-422 communication. 

5. Ethernet RJ-45 

6. One (1) DB9 female for attaching a programming computer. 

F. Where indicated on the drawings, the control system interface shall consist of 
a single programmable button key pad with each button identifying it function. 

1. Acceptable Manufacturer: 

a. AMX 

b. Crestron  

c. Extron 

2.3 VIDEO SYSTEMS AND EQUIPMENT 

A. LED flat panel displays shall meet the following minimum specifications: 

1. Screen sizes – 25” - 80” diagonal 

2. Screen type – Edge-lit LED LCD 

3. Aspect ratio – 16:9, 4:3 capable 

4. Native resolution – HD 1920 x 1080 minimum 

5. Data Input - Analog VGA (640 x 480) to UXGA (1600 x 1200) 

6. Contrast ratio –4000:1 

7. Response Time: < 6ms 

8. Frame rate: >120Hz 

9. Backlight half life: > 50,000 hours 

10. Viewing angle: > 178 degrees 

11. Built-in TV tuner – 8VSB, ATSC, NTSC 

12. Compatible with 1080p, 1080i, 720p, 480p 

13. Available with wall-mounting device 

14. Capable of being integrated with touch screen overlay or surface 

15. Inputs 

a. RS-232C - one 

b. Video – Component BNC 

c. PC – one (HD15) 

d. DVI-D 

e. HDMI - 3 
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f. Stereo Audio 

16. Provide integrated high quality stereo audio loudspeakers assembly or 
sound bar 

17. Acceptable manufacturers: 

a. NEC 

b. Planar 

c. Samsung 

d. Or approved equal 

18. Mount for direct view displays 

a. Type:  Fixed height, tilting, LCD display mount attached directly to 
walls or building structure. 

b. Designed to accommodate LCD display monitor. 

c. Tilt mechanism:  Steel rectangular tilting frame with 2 steel angles 
spaced at 16 inches to accommodate anchoring directly to standard 
spaced wall studs.   

d. Equip mechanism with mating bracket to accept keystone plate of 
LCD/plasma monitor bracket.  Display may be installed horizontally or 
vertically.   

e. Finish:  Matt black, powdercoat. 

f. Tilt adjustment capability:  10 degrees. 

g. Can be used with a 2 x 2 video wall matrix or larger 

h. Allow integration of interfaces, set top receivers, and other devices 
such as video teleconference camera(s) 

i. Acceptable manufacturers: 

1) Chief Manufacturing Fusion Series 

2) Or approved equal 

B. Long Throw Video Projectors  

1. Video projectors shall meet the following minimum specifications: 

2. Image Device 3LCD Laser 

3. Native Resolution: HD 1920 x 1080 or higher 

4. Resolution capability: 640 x 480 pixels up to 1920 x 1200 pixels 

5. Lens Power zoom and Power AUTO focus 

6. Minimum Light Output: 6000 ANSI Lumens Standard, 3100 ANSI Lumens 
Short Throw   

7. Contrast Ratio 10000:1 Standard, 3000:1 Short Throw 
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8. Aspect Ratio capable: 16:10 Native, 4:3 

9. Image Size 60 - 600 inches diagonal Standard, 65 – 110 inches Short 
Throw  

10. Keystone Correction ±40 degree (Vertical), ±35 degree (Horizontal) 

11. Projection Distance 3 - 60 feet  

12. Timed automatic shutoff   

13. Provide video scalers as required. 

14. The following inputs and outputs shall be available  

a. DVI-D (HDCP)  

b. HD15  

c. 5 BNC: RGBHV/YPbPr  

d. HDMI W/ HDCP, DVI  

e. Composite video 

f. RS-232C  

g. HDBaseT and RJ45 connectivity  

h. IR remote control 

i. 12v trigger (mini jack)  

15. Video Compatibility: NTSC, NTSC 4.43, PAL, PAL-M, PAL-N, PAL-60, 
SECAM, HDTV: 1080p, 1080i 

16. Video projector shall be equipped with the following control devices: 

a. Front panel controls. 

b. Infrared remote control. 

c. Bi-directional serial port for integration with central control systems. 

17. The following projection lens system shall be included: 

a. Power operated zoom and focus controls (from front panel, remote, 
and serial controls). 

b. The lens provided shall be capable of filling the image area of the 
particular screen on which it is to be projected from the mounting 
location indicated on the drawings. Coordinate with architectural 
drawings for final projector mounting locations. 

18. Video projector acceptable manufacturers: 

a. Barco 

b. Christie 

c. Digital Projection 
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d. NEC 

e. Sony 

19. Mounting devices for Video Projectors shall meet the following minimum 
specifications: 

a. Above ceiling mounting with integrated projector pole mount 

b. All steel or aluminum construction. 

c. A/V equipment shelves 

d. Rated to support a weight at least five (5) times the weight of the 
projector. 

e. Capable of mating to threaded steel pipe. 

f. At least 15º yaw when rigidly affixed (360º when pipe mounted), 6º tilt, 
and 30º roll. 

g. Positive locking at set angles. 

h. Cable management system for all power, video and audio cables 

i. Attachment of the mounting device to the projector shall not require 
modification of the projector. 

j. Enclosure mounts shall be ordered or painted to match ceiling color 
and allow for insertion of ceiling acoustical tile 

20. Acceptable manufacturers: 

a. Chief Manufacturing 

b. Draper 

c. FSR Inc. 

d. Other approved equal. 

C. System Switchers 

1. System switchers shall be HDCP and EDID compliant scaling 
presentation style switcher and shall meet the following minimum 
requirements shall be: 

a. Power – 120 VAC, 60 Hz.  

b. Resolution: 640x480 to 1600x1200 and 1920x1200, NTSC, PAL, 
SECAM, 480i, 480p, 576i, 576p, 720p, 1080i, 1080p, and 4K Ultra HD 

c. Scaled resolution: 640x480, 800x600, 852x480, 1024x768, 1024x852 
1024x1024,1280x768, 1280x800, 1280x1024, 1360x765, 1360x768, 
1365x768, 1365x1024, 1366x768, 1400x1050, 1440x900, 1600x900, 
1600x1200, 1680x1050, 1920x1200 

d. HDTV 480p7,8, 576p6, 720p3,4,5,6,7,8, 1080i6,7,8, 
1080p1,2,3,4,5,6,7,8, 2048x1080 
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e. Video Inputs:  

1) HDMI: 4 

2) RGB: 2 

3) Stereo Audio 

4) RJ-45 Video, audio, control transmission ports: 2 

5) USB 

f. Video outputs:  

1) HDMI: 2 

2) RJ-45 Video, audio, control transmission ports: 1 

3) USB 

g. Audio Inputs:  

1) 8 stereo line level balanced or unbalanced 

2) 2 mono mic/line level balanced or unbalanced (with available phantom 
power) 

3) RJ-45 Video, audio, control transmission ports: 2 

h. Audio outputs:  

1) 1 balanced or unbalanced stereo (variable) 

2) 1 balanced or unbalanced stereo; can be configured as stereo or two 
independently mixed mono channels 

3) RJ-45 Video, audio, control transmission ports: 1 

i. Built-in power amplifier 

1) 25 watts per channel, 8 ohms, 1 kHz, 0.1% THD 

2) 50 watts per channel, 4 ohms, 1 kHz, 0.1% THD 

j. Backplane Data Rates:  >12 Gbps  

k. Ethernet: 10/100/1000Mbps 

l. Video routing – matrix size as indicated on A/V Block Diagrams plus 
20% spare capacity. 

m. Dynamic skew equalization 

n. Local RS-232 insertion ports 

o. Switchable video 

2. The matrix switcher shall include any hardware required for rack 
mounting. 

3. Matrix switchers shall be equipped with the following control devices: 

a. Front panel controls. 
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b. Bi-directional serial port for integration with control system. 

4. Acceptable manufacturers: 

a. AMX 

b. Extron  

c. Crestron 

D. Video Scalers  

1. Video scalers shall meet the following minimum requirements: 

a. Multi-format video switcher with built-in scaling capability. 

b. Supports resolutions of 640 x 480 to 1365 x 1024, 480p, 
720p, 1080p, and 1080i 

c. Provides capability to scale video up and down. 

d. Inputs individually configurable for composite, S-Video, 
component or RGB using 5-BNC, DVI-D AND HD-SDI.   

2. Acceptable manufacturers: 

a. AMX 

b. Extron 

c. Crestron 

E. Twisted Pair Receivers and Transmitters 

1. DVI and or HDMI Twisted Pair Transmitters and Receivers shall meet the 
following minimum requirements: 

a. Maximum data rate:  4.95 Gbps (1.65 Gbps per color) 

b. Maximum pixel clock: 165 MHz 

c. Resolution range: 1920x1200 or 1080p @ 60 Hz 

d. Formats: RGB and YCbCr digital video 

e. Standards:  DVI 1.0, HDMI 1.2 

f. Input/Output 

1) DVI-D & HDMI loop thru 

2) RS-232 

2. Interconnection requirements between transmitters and receivers 

a. Connectors:  (2) RJ-45 per unit 

b. Termination standards: TIA/EIA T568A or T568B. 

c. Signal transmission distance 

1) 1900x1200 or 1080p @ 60 Hz 
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(i) CAT 5/5e/6/7 STP: Up to 125' (38 m) 

(ii) CAT 5/5e/6/7 UTP: Up to 100' (30 m) 

2) 1024x768 or 720p/1080i @ 60 Hz 

(i) CAT 5/5e/6/7 UTP or STP: Up to 200' (60 m) 

3. Acceptable manufacturers: 

a. AMX 

b. Crestron 

c. Extron 

F. Miscellaneous Ancillary Equipment 

1. General: The contractor shall provide all miscellaneous ancillary 
audiovisual equipment to ensure a fully operational and functioning 
system.  This includes but not limited to the following. 

a. Cabling 

b. Converters 

c. Patch cables and patch bays 

d. Line drivers 

e. Video, audio and control interfaces 

f. DVI, RGB, Coax, HDMI, BNC, RCA, audio and RS-232 interfaces and 
extenders 

g. Filters and line conditioners 

h. Distribution Amplifiers 

i. Notch filters 

j. Power Supplies 

k. IR and RF Extenders 

l. Signal Processors  

m. Scalers  

n. Transceivers and media converters 

o. Splitters and combiners 

2. The Contractor shall coordinate with the Owner’s Representative and 
provide extension and patch cabling, converters and or gender changers 
for each PC or laptop multimedia interface signal type shown on the 
drawings to allow Owner furnished computer equipment to be interfaced 
with the A/V systems. 
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2.4 AUDIO SYSTEMS 

A. This section includes the minimum requirements for audio and associated 
audio equipment and cable installations for each room/system. 

B. Minimum composition requirements and installation methods are included for 
the following: 

1. Power Amplifiers 

2. Audio Switchers 

3. Digital Signal Processor (DSP) 

4. Microphones 

5. Microphone Mixer (within DSP) 

6. Loudspeakers 

C. The Contractor shall provide all equipment, materials, labor, and services 
necessary to complete or perfect all parts of the equipment rooms and 
spaces, and to ensure that they are in compliance with requirements stated or 
reasonably inferred by this Specification and the Construction Drawings. 

D. Program Audio (Rack Mounted) 

1. Power amplifier(s) shall meet the following minimum specifications: 

a. Power supply – 120 VAC, 60 Hz. 

b. Power:  200W rated output  

c. Frequency response – 30 Hz to 50kHz. 

d. Balanced 25V, balanced 70V, 4 Ohm  

e. SNR (A-weighted) – better than 106 dB below rated power. 

f. THD - .01% or less @ 1kHz. 

g. Output power – output power shall be sufficient that the 
loudspeaker/amplifier combination produces minimum sound levels of 
80 dB SPL at all listening locations, with an additional 10 dB 
headroom for transients. 

2. Amplifier(s) shall have soft-start circuitry to eliminate the need for power 
sequencers. 

3. Amplifiers shall be equipped with bi-directional serial port for integration 
with central control systems. 

4. Amplifier Protection: Full short circuit, open circuit, thermal, ultrasonic, 
and RF protection. Stable into reactive or mismatched loads 

5. Acceptable manufacturers: 

a. Crestron 

b. Crown 
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c. Extron 

d. QSC 

e. Ashly 

E. Digital Signal Processors (DSP) with audio switching 

1. DSP’s shall be provided as shown on the AV flow diagrams.  Minimum 
requirements shall be: 

a. Gain:  Unbalanced output: -6 dB; balanced output: 0 dB  

b. Frequency response:  20 Hz to 20 kHz, ±0.1 dB  

c. THD: + Noise  <0.01% @ 1 kHz, at maximum output level  

d. S/N:  >105 dB, 20 Hz to 20 kHz, at maximum output, unweighted  

e. Crosstalk:  <-90 dB @ 1 kHz, fully loaded  

f. CMRR:  >70 dB @ 1 kHz 

g. Ethernet: RJ-45 10/100/1000 Base-T 

h. Control: Bidirectional RS-232 

i. Echo cancellation tail time – 130 ms. 

j. Noise cancellation – 15 dB. 

2. Audio Input: 

a. Number/signal type:  6 mono, mic/line, balanced/unbalanced  

b. Connector:  (6) 3.5 mm captive screw connectors, 3 pole  

c. Impedance:  >10k ohms unbalanced/balanced  

d. Nominal level:  +4 dBu when level is set to 0 dB gain; adjustable from 
-60 dBu to +4 dBu  

e. Maximum level:  +24 dBu, balanced, when input gain is set to -3 dB  

f. Noise level:  <-120 dBV (1 µVrms) at 40 dB gain  

g. Volume range:  -18 dB to +80 dB, mic/line input, adjustable per input  

h. Mic phantom power:  +48 VDC, which can be switched on or off 

3. Audio Output: 

a. Number/signal type  4 mono, balanced/unbalanced  

b. Connectors:  (4) 3.5 mm captive screw connectors, 3 pole  

c. Impedance:  50 ohms unbalanced, 100 ohms balanced  

d. Gain error:  ±0.1 dB channel to channel  

e. Maximum level: (Hi-Z)  >+21 dBu balanced, >+15 dBu unbalanced 

4. Provide DSP configuration software 
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5. Acceptable manufacturers: 

a. Crestron 

b. Biamp - Tesara 

c. BSS - Equivalent 

d. Clear One – Equivalent 

e. Extron - Equivalent 

f. Lectrosonic - Equivalent 

g. Or approved equal 

F. Microphones 

1. Consoles, podiums, or lectern gooseneck microphones shall be fixed 
charge condenser type with the following minimum specifications: 

a. Polar pattern – cardioid. 

b. Frequency response –50Hz to 18 kHz. 

c. Sensitivity – 40dB, 125dB Max SPL. 

d. SNR – 64 dB(A) 

e. Individual mute capability with LED status light and via remote control 
system. 

f. Gooseneck with integral 3-pin XLR connector and quick-mount to plug 
into flush-mounted XLR surface connector mounted in lecterns, 
podiums and specified tables as indicated in termination schedule. 

g. Length of microphone at each lectern or podium shall be minimum 
18”.  Contractor shall confirm exact length for all mounting locations 
with Owners Representative prior to ordering.  

h. Microphone acceptable manufactures: 

1) Audio-Technica 

2) Sennheiser 

3) Shure 

4) Or approved equal 

G. Loudspeakers 

1. Ceiling Mounted (12’-0” and below) 

a. Ceiling loudspeakers for sound and speech reinforcement shall meet 
the following minimum specifications: 

1) Speaker type – 8” round loudspeaker  

2) Frequency response – 68 Hz to 18 kHz. 

3) Power handling (watts) – 50 watts continuous program power. 
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4) Nominal impedance – 8 ohms per speaker. 

5) 70 volt input 

6) Taps 70v: 1.88, 3.75, 7.5, 15 or 30W, Tap all speakers at 30W. 

7) Sensitivity (1W/1M) – 86dB. 

b. Loudspeaker assembly shall provide for a mounting unit that transfers 
the weight of the loudspeaker to the building structure or slab. 

c. Loudspeaker grille shall match or be painted a custom color to match 
the surrounding ceiling. 

2. Acceptable manufacturers: 

a. Crestron 

b. Bose  

c. Extron 

d. JBL 

e. QSC 

f. Tannoy 

g. Or approved equal 

2.5 CABLES 

A. General: 

1. Comply with Section 271500  

2. Wire and cable shall be provided and meet the following minimum 
specifications: 

a. All wire and cable shall be UL listed. 

b. All wire and cable shall meet individual subsystem manufacturer 
specifications. 

c. All wire and cable shall conform to the minimum requirements of ICEA 
standards; and shall comply with applicable requirements of the 
National Electrical Code (NEC). 

d. All wire and cable shall be plenum rated where required. 

3. Cabling shall be provided as shown on drawings and as described herein. 

4. Provide male/female connectors/cabling as required to connect device to 
device through wallplates and cable with Owner’s inputs/outputs.  
Coordinate with Owner for requirements. 

5. All cabling and connectors shall be UL listed. 

6. Provide cabling that is rated for use at the installed distance (plus 
assuming 10’ equipment cords at any location terminated at a connection 
plate). 
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7. Provide all A/V cabling by one manufacturer unless noted otherwise: 

a. Approved Manufacturers: Audioquest, Belden, Comprehensive, 
Extron, Gefen, Tripp Lite, West Penn Wire or Approved Equal 

B. Twisted Pair Horizontal Cabling: 

1. Refer to Section 271500 

2. Microphone and Line Level Cables: Provide #22 AWG Shielded Twisted 
Pair Cable. 

3. High-Impedance  Loudspeaker  Cables:  Provide  #16  AWG  Unshielded  
Twisted  Pair Cable. 

4. DC Power Cables: Provide #16 AWG Unshielded Twisted Pair Cable. 

5. Low-Impedance  Loudspeaker  Cables:  Provide  #12  AWG  Unshielded  
Twisted  Pair Cable. 

6. RS-232/RS-422/RS-485 Control Cables: Provide Shielded Data Cable. 

7. Data/Power Cables: Provide Data/Power Cable. 

8. UTP Cable: Provide Category 6A UTP Cable.  

C. Coaxial Horizontal Cabling: 

1. Comply with Section 271533. 

2. The following distance guidelines shall be used for baseband video cable 
selection: 

a. Series 11/U where lengths between active devices are between 45.72 
m (150 feet) and 91.5 m (300 feet). 

b. Series 11/U or Series 6/U where lengths between active devices 
are between 15.24 m (50 feet) and 45.72 m (150 feet). 

c. Series 11/U, Series 6/U, or Series 59/U where lengths between active 
devices are 15.25 m [(50 feet)] or less. 

3. Video Cables (Series 59/U): Provide Series 59/U – Coaxial Video Cable. 

4. Video Cables (Series 6/U): Provide Series 6/U – Coaxial Video Cable. 

5. Video Cables (Series 11/U): Provide Series 11/U – Coaxial Video Cable. 

6. S-Video Cables: 

a. When lengths of S-video cable between active devices exceed 30.5 
m (100 feet) use individual Series 6/U video cables. 

b. When lengths of S-video cable between active devices are 30.5 m 
(100 feet) or less provide Series 6/U or Series 59/U – S-Video Coaxial 
Cable. 

7. RGBHV Cables (Series 59/U): 

a. Five individual video cables, color-coded, in overall jacket.  
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b. Comply with Series 59/U – Coaxial Video Cable. 

8. RGBHV Cables (Series 6/U): 

a. Five individual video cables, color-coded, in overall jacket.  

b. Comply with Series 6/U – Coaxial Video Cable. 

 

D. Optical Fiber Cable: 

1. Refer to Section 271523. 

E. VGA cables (HD-15): 

1. Provide pre-manufactured shielded cable with ferrite core on each end for 
noise suppression. 

F. S-Video cables (mini-DIN 4): 

1. Provide pre-manufactured shielded cable. 

2. Provide cabling with a minimum of 95% copper braid and 100% foil. 

G. Composite cables (RCA): 

1. Provide pre-manufactured shielded cables.  Provide 3 RCA cables for the 
various applications of left audio, right audio and video. 

2. Provide cabling with a minimum of 95% copper braid and 100% foil. 

H. Audio cables (3.5mm mini stereo): 

1. Provide pre-manufactured shielded cable. 

2. Provide cabling with a minimum of 95% shield. 

I. Digital Visual Interface (DVI-D) cables: 

1. Provide high performance pre-manufactured cabling. 

2. Cables shall be HDCP and EDID compliant. 

3. Provide cable that is rated for use at the installed distance for resolutions 
up to 1920 x 1200 @ 60Hz and 1080p/60 verified minimum. Data rates to 
4.95 Gbps. Provide equalizers or DVI over IP or twisted pair connections 
to extend distance is required. 

J. High Definition Multimedia Interface (HDMI) cables: 

1. Provide high performance pre-manufactured cabling. 

2. Cables shall be HDCP and EDID compliant. 

3. HDMI version 1.4 minimum compliant 

4. Provide cable that is rated for use at the installed distance for resolutions 
up to 1920 x 1200 @ 60Hz and 1080p/60 verified minimum. Data rates to 
4.95 Gbps. Provide equalizers or DVI over IP or twisted pair connections 
to extend distance is required. 
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K. Universal Serial Bus (USB 3.0) cables: 

1. Provide pre-manufactured active extension cables in quantities as 
required to achieve distance from monitor to computer.  Coordinate with 
Owner for requirements. 

2. Active extension shall require no additional power source. 

3. Cable system shall be capable of USB 3.0 data transmission with type A 
connectors. 

L. Antennae cabling: 

1. Provide pre-manufactured cabling. 

2. Provide antennae cabling rated for frequencies used. 

3. Describe losses in submittals for lengths proposed. 

M. Miscellaneous cabling: 

1. Provide pre-manufactured cabling as described on drawings. 

2. Provide all cabling required for interconnections as required for a 
complete system. 

N. Provide and install all patch panels as required to support A/V cabling 
infrastructure. 

2.6 CONNECTORS 

A. Provide connectivity and connectivity plates at the tabletop within 
furniture-supplied table pocket. Coordinate connectivity plate with the 
Architect. Mount necessary devices to the underside of the table. 

B. Provide connectivity and connectivity plates at the floor-mounted poke-
through’s. Coordinate connectivity plate with the Architect. 

C. Audio connectors of XLR, 3.5 mm (1/4 inch), and RCA types shall be 
solder type and incorporate metal shells and bodies. Acceptable 
manufacturers: Switchcraft or Neutrik. 

D. Video connectors of BNC and RCA shall be: 

1. Soldered nickel plated brass connector utilizing a gold plated center 
contact. 

2. Connector and pin appropriately selected based on the specified cable 
as part of a manufacturer’s approved assembly. 

3. Crimp or compression tool and die sets utilized shall be approved by the 
manufacturer for the assembly. 

4. Color coded via strain relief boot, isolation bushing or O-ring to 
designate video type.  Color designations shall be as follows: 

a. RGBHV 

1) R: Red 
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2) G: Green 

3) B: Blue 

4) H: Black 

5) V: White  

b. YPbPr 

1) Y: Green 

2) Pb: Blue 

3) Pr: Red  

c. S-Video 

1) Y: White 

2) C: Yellow 

d. Composite Video: Yellow  

e. SDI/HD-SDI: Orange 

5. Acceptable manufacturers: ADC, Extron, Tyco, Kings, Bomar, Canare, or 
Trompeter. 

E. Use only rosin core solder or approved mechanical connectors for joints and 
connections within the system. Twist-on wire-nuts are not acceptable. 

F. Terminator: Provide 75Ω terminators where required. 

G. UTP Connectors: Refer to Section 27 15 00 "Communications Horizontal 
Cabling". 

H. Fiber Optic Connectors:  Refer to Section 271523. 

2.7 INTERFACES 

A. Audio: Provide level interfaces for sources not having nominal plus 4dBu, 
balanced inputs and outputs. 

B. Auxiliary Interfaces: 

1. Provide one cable with molded connectors for each auxiliary audio, 
video, and control interface location provided as specified herein, unless 
noted otherwise on the Drawings. 

2. Cables shall be flexible. 

3. Where multiple formats are typically utilized together cables shall 
include all formats within a single jacket, included but not limited to, VGA 
with mini-TRS, Composite Video with Stereo Audio, and Component 
Video with Stereo Audio. 

4. Provide the following length cables, unless noted otherwise on the 
Drawings: 

a. Rack Mounted Interface: 3.6 m (12 feet). 
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b. Wall Mounted Interface: 3.6 m (12 feet).  

c. Floor Mounted Interface: 3.6m (12 feet).  

d. Table Mounted Interface: 1.8 m (6 feet) with retraction apparatus. 

5. Provide manufacturer's adapter plates for pass-through connections as 
indicated on the Drawings. 

6. Extra Materials: 

a. Furnish extra materials described below that match products installed 
and that are packaged with protective covering for storage and 
identified with labels describing contents. 

b. Provide one of each type for every ten required, but not less than one. 

PART 3 – EXECUTION 

3.1 LABELING 

A. Permanently label the front and rear of devices mounted in equipment 
racks to coordinate with the nomenclature used on the Drawings.  Indicate 
the location and function that the equipment serves. Use only engraved 
plastic laminate labels on equipment. 

B. Provide unique cable markers on both ends of every cable in the system. This 
should use a logical numbering scheme and should coordinate with in-house 
numbering schemes already in use.  Markers shall be a clear heat-shrink or 
self-adhesive type and shall be within 152.4 mm (6 inches) of each 
termination. 

C. Permanently label the plug end of the power cord of each device, 
indicating the device to which it attaches. 

D. Permanently label ancillary devices such as switches, terminal strips, and 
receptacles in a logical manner clearly indicating their function in the system. 

E. Clearly and logically label external devices such as audio mixers, wireless 
microphones, belt packs, and assistive listening receivers. 

F. Label relevant inputs and outputs on switchers, matrices, and mixers. 

G. Label nominal levels on devices with variable gain and control adjustments 
using adhesive dots. 

H. Label the telephone numbers, ISDN numbers and IP addresses of pertinent 
devices. 

I. Label equipment with externally visible labels that indicate the equipment’s 
serial number. 
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3.2 ELECTRICAL POWER AND GROUNDING 

A. For audio equipment, float the ground wire at the output side of balanced 
audio lines other than microphone lines or intercom and where required by 
manufacturer. 

B. Carry audio shields straight through passive devices such as patch 
panels and terminal strips. 

C. Arrange intra-rack power distribution so that no circuit exceeds 80% of full 
power. 

D. When the electrical service to a rack is hardwired, the Contractor shall 
terminate intra-rack power wiring to a j-box at the top or bottom of the rack for 
field connection of the electrical service. 

E. Place all AV equipment on same power phase 

F. Ground control lines in compliance with the manufacturer’s specification for 
the appropriate equipment. 

G. Ground all equipment racks with AWG #6 grounding wire to telecom room 
busbar or building main grounding busbar. 

3.3 CABLE INSTALLATION 

A. Comply with Section 271500 

B. Section 274100 – Common Work Results for Audiovisual Systems and 
Equipment. 

C. Neatly bundle excess AC power cabling with Velcro style cable wraps. 

3.4 CONTROL SYSTEM  

A. Programming: 

1. Coordinate control system functionality for systems with the Owner and 
adhere to Control System Touch Panel Submittal requirements detailed 
herein. 

2. Utilize InfoComm International’s “Dashboard for Controls” as a guideline 
for touch panel layouts. 

3. Unless otherwise indicated on the Drawings, devices should be 
controlled by the first protocol provided by the device manufacturer from 
the following list: 

a. Networked IP control. 

b. Bidirectional hardwired serial control.  

c. Unidirectional hardwired serial control.  

d. Contact closure(s) or relay(s). 

e. Hardwired infrared emitter over infrared receiver on device. 

4. Adequately size GUI buttons. 
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5. Label buttons using consistent verbiage. 

B. The contractor shall coordinate their installation with the Owner’s 
Representative. 

C. System shall be installed in compliance with all manufacturer’s installation 
instructions. 

D. System programming shall be accomplished in the following manner: 

1. Coordinate control system functionality for systems with the Owner and 
adhere to Control System Touch Panel Submittal requirements detailed 
herein. 

2. Utilize InfoComm International’s “Dashboard for Controls” as a guideline 
for panel layouts 

3. Contractor personnel shall meet on-site with the Owner’s Representative 
and Owner staff to develop a set of system requirements.  Up to sixteen 
(16) hours of on-site meeting time shall be provided for this development. 

4. Contractor shall document the requirements developed above and 
provide the Owner’s Representative with that documentation for review. 

5. Upon approval of the requirements document, contractor shall develop 
detailed programming specifications to include: 

a. A System Overview – Synopsis of project. 

b. Equipment List – List of all equipment and functions to be controlled. 

c. Drawings – Block and flow diagrams describing the program structure. 

d. Interface layouts – Samples of the proposed display screen layouts 
for all touch panels. 

e. Detailed programming layout for the software and interfaces to the 
control system and panels. 

6. All programming for interface and control of all devices shown on the 
drawings shall be provided.  Programming shall be provided for the 
following minimum functionality: 

a. Single button on/off control of all equipment. 

b. Independent on/off control of individual equipment. 

c. The main screen shall include graphical icons for selection of 
individual pieces of equipment.  In addition, the upper left one-quarter 
of the screen shall be used for real time video playback of the video 
signal. 

d. Upon selection of the graphical icon for a piece of equipment, all 
functional controls for that piece of equipment shall be provided in 
graphical format on the screen. 
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e. At all times, on all screens, icons shall be provided to return to the 
main screen. 

f. A master volume control shall be provided. 

g. This only defines the very basic functionality of an A/V control system. 

7. The detailed programming specifications shall be provided to the Owner’s 
Representative for final review. 

8. Upon receipt of final approval, Contractor shall program control system in 
accordance with the approved specifications and until the Owner’s 
Representative is satisfied with final display screen layouts, preset and 
macro functionality on each touch screen and demonstration of 
equipment operation.  

E. The Owner’s Representative may elect to provide the Contractor with their 
custom display screen templates for the Contractor to incorporate in the 
overall control system, at no extra charge. 

F. After the final commissioning of the control system programming the 
contactor shall provide the Owner’s Representative with all the custom 
programming source code software, layouts, and formats for the installed 
system.  

G. Contractor is responsible for providing all components, software, and 
programming services to ensure a completely functional control system. 

H. Network / IP based software shall be provided to allow the control system to 
be customized and controlled. 

I. Contractor shall perform the following installation and test operations: 

1. Install equipment in position indicated by the drawings. 

2. Install power supplies, connect to building power, and power up the 
equipment. 

3. Configure the equipment and software according to manufacturer’s 
instructions. 

4. Configure the equipment the interface with lighting system. 

5. Verify the proper operation of the equipment and software. 

6. Verify the proper transmission of all control signals. 

7. Verify that all controlled devices respond properly to all control system 
initiated commands. 

J. Contractor shall provide one (1) copy of the personal computer version of the 
operator interface software for each room in which a control system is 
installed, plus two (2) additional copies for use by support personnel. 

K. Upon successful completion of the integration, a copy of the complete un-
compiled source code, for the control system(s), shall be provided to the 
Owner’s Representative.  Code for any/all rooms shall be provided 
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3.5 SYSTEM SETUP AND PERFORMANCE VERIFICATION 

A. Preparation: 

1. Interior finishes and furnishings shall be in place for these tests. 

2. HVAC system is to be balanced and in operation. 

3. Confirm complete and proper labeling of system components. 

4. Attach reduced-size Block Drawings to a rack in each location. 

5. Remove boxes and debris from the project site. 

6. Deliver portable and spare equipment to the premises, tested and stored 
as directed. 

7. Tests and adjustments shall be performed in the sequence specified 
herein. 

B. General Setup: 

1. Verify that audiovisual related components are free from rough or jagged 
edges. 

2. Verify that rack ventilation is working properly. 

3. Verify that systems are free from oscillation and stray RF interference. 

4. Connect and test television feeds. 

5. Test and verify continuity and proper termination of every cable in the 
system. 

6. Following final acceptance of system set-up and performance, 
equipment with front panel controls, not normally adjusted by the 
operator shall have the controls disabled or be mounted behind blank 
panels or be furnished with security panels. 

C. Audio Equipment Setup and Testing: 

1. Signal-to-Noise Ratio: 

a. Measure and document the signal-to-noise-ratio of  audio cables 
connected to devices external to the equipment rack. 

b. Reject and correct measurements less than 55 dB. 

2. Impedance: 

a. Measure and document the impedance of each loudspeaker circuit at 
63 Hz, 250 Hz, and 1 kHz. 

b. Measure at the circuit’s entry point to the equipment rack. 

c. Measurement shall be taken prior to the loudspeaker circuit being 
connected to the amplifier. 

d. Reject and correct measurements that differ significantly from 
calculated values or fall outside of amplifier specifications. 
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3. Polarity: Visually and electronically verify consistent polarity of audio 
circuits in the system. 

4. Ambient Noise: 

a. Measure and document the ambient noise level in each loudspeaker 
zone in the system. 

b. Ensure that the minimal loudspeaker level is at least 25 dB above 
the ambient noise l eve l   at  the  furthest  listener. At  the  
direction  of  the  Owner’s Representative, make additional level 
adjustments that the space requires. 

5. Wireless Microphones and Accessories: 

a. Arrange wireless microphone antennas to provide drop-out free 
performance over the entire area being served. 

b. Set wireless microphone channels for minimum interference from 
external RF sources and maintain proper channel separation to 
eliminate adjacent channel interference. 

6. Unity Gain: 

a. Bring the system to a unity gain level of plus 4 dBu.  

b. Verify proper gain structure throughout system. 

7. Delay: 

a. Using an impulse response measure the arrival time for each 
loudspeaker zone. 

b. Set-up delay as required providing localization based on the Haas 
effect. Realizing localization based on level differences will not be 
accepted. 

8. Within conference rooms with video conferencing, adjust audio delay to 
compensate for any video latency. 

9. Uniform Coverage: Using pink noise at the nominal operating level as 
the source and measuring in dBA with a sound pressure level meter at 
the typical listening height, verify that there is a variance of no more than 
a plus or minus 1.5 dB within the listening area. 

10. Frequency Response: 

a. Using a dual channel FFT with boundary-plane measurement, adjust 
equalizers to achieve a flat frequency response within a margin of plus 
or minus 3 dB. 

b. Take an average of measurements performed at a variety of locations 
in the room. 

c. Perform this measurement and setup only after furniture and floor, 
wall, and ceiling treatments have been installed. 
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d. Smooth out and adjust the room curve to achieve a desirable 
response for the most typical source material. 

e. Avoid  equalizer  settings  that  result  in  a  6  dB  or  greater  change  
from  either adjacent band. 

f. Re-take the uniform coverage test and make adjustments as required. 

g. Document both  the  un-equalized  and  equalized  average  
frequency  response curves of the room and include the graphs in the 
Project Record documentation. 

11. Properly adjust processing equipment, such as compressors, limiters 
and feedback eliminators for typical operation. 

12. Spurious Noises: 

a. Verify that the system is free from pops, crackle, hum, and other 
distortion when active controls are operated. 

b. Using an electronic audio oscillator, slowly sweep through the 
usable frequency band of the sound system in order to verify that 
the system and other building elements are free from buzzes or 
rattles. 

13. THD+N: 

a. Measure and document the THD+N at 15 dB above nominal 
operating level for entire audio system signal chain. Test from output 
of all line level input device and end with amplifier input cable. 

b. Reject and correct measurements that exceed 0.5% between 40 Hz 
and 20 kHz. 

D. Video System Equipment Setup and Testing: 

1. Motorized  Projection  Screens:  Comply  with  Section  274113  –  Front  
Projection Screens. Properly set projection screen travel limits. 

2. Video Projectors: 

a. Properly align, and focus video projectors. 

b. Coordinate distance of projector from projection screen to ensure 
image fills entire screen with proper image geometry.  

c. Projected image shall be free of vibrations. 

d. Contractor to provide proper projector lens (example. long throw lens) 
to meet the proper viewing objective of final projector and projector 
screen placement. 

e. Contractor shall verify that the projector operates according to 
manufacturer’s specifications. 
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f. Coordinate with architectural drawings and other reflected ceiling 
plans for obstructions pertaining to the operation of the projector and 
the projector mount. 

g. The projector mounts and lifts shall be located so that: 

1) Do not interfere with building structural members, mechanical, 
electrical or plumbing services or other room apparatuses 
pertaining to the audiovisual systems.   

2) The center-line of the projector lens is no higher than the top of the 
screen. 

3) The lens of the projector produces an image size equal to the 
viewable screen area. 

4) The height of the lens is within the keystone correction parameters 
of the projector. 

h. The total capacity of all attaching hardware (e.g. screws, bolts, lag 
inserts, etc.) shall be equal to or greater than the combined weight of 
the projector and mount assembly 

i. Comply with video displays below. 

3. Video Displays: 

a. Allow video display to warm up for a minimum of thirty minutes with 
moving images prior to testing and adjustments. 

b. Video display adjustments shall be performed using the native 
resolution at each utilized input of the display. 

c. Image sizing: 

1) Using a crosshair or crosshatch pattern, adjust the display devices 
to show a full image at the system resolution. 

d. Clock Setting: 

1) Using an alternating pixel test pattern, adjust the clock setting until 
the pixels appear to stand still. 

2) Document the value of the onscreen display.  

e. Black Level: 

1) Properly adjust using a picture line up generating equipment 
(PLUGE) test pattern. 

2) Adjust the brightness control slowly until the black than black bar 
is just fully extinguished, the remaining vertical bar should be dimly 
visible. 

3) Document the appropriate value of the onscreen display. 

f. Gain: 
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1) Properly adjust using a PLUGE test pattern on the display to be 
adjusted. 

2) Adjust the contrast control until the 100% white bar is at the 
threshold of maximum brightness without blooming. 

3) Document the value of the onscreen display. 

4) Perform  Black  Level  and  System  Gain  tests  until  there  is  no  
additional interaction   between   contrast   and   brightness   
control   adjustments   and document the final onscreen values 
for contrast and brightness. Document the values of the onscreen 
display.  

g. Color Level: 

1) Properly adjust using a SMPTE color bars test pattern. 

2) While viewing the blue information only, adjust the color level 
until the first and last large bar blends with the small patch 
underneath. 

3) Document the onscreen value for color level.  

h. Color Phase: 

1) Use a signal generator to provide a SMPTE color bars test 
pattern on the display to be adjusted. 

2) While viewing the blue channel information only, adjust the tint 
control until the large internal bars blend with their patch below. 

3) Perform Color Level and Color Phase tests until there is no 
additional color or tint control interaction and document the final 
onscreen values for color and tint. 

i. Gray Scale: 

1) Set the proper black level (bias) and gain settings for each of the 
three color channels independently using the “window” test 
patterns. 

4. Timing: Properly calibrate video timing and genlock to ensure seamless 
switching and alignment. 

5. Signal Processing Equipment: 

a. Configure and adjust signal processing equipment to produce a 
properly aligned and  centered  image  at  the  native  resolution  of  
the  relative  display  for  each potential source resolution. 

6. Computer Interfaces: 

a. Adjust gain. 

b. Adjust peaking using H pattern. 
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c. Adjust  horizontal  and  vertical  position  for  the  native  resolution  of  
the  relative display. 

7. System Calibration: 

a. Properly calibrate individual system components.  Verify signal 
continuity and quality throughout the signal path. 

b. Document adjusted values of individual components. 

8. System Calibration: 

a. Properly calibrate individual system components. Verify signal 
continuity and quality throughout the signal path. 

b. Document adjusted values of individual components.  

c. Configure EDID tables. 

d. Confirm HDCP handshaking along all relevant paths, and test with 
DRM content. 

9. Video images shall be free of anomalies, including, but not limited to, 
banding, bending, ghosting, reflections, video roll, visible jitter and double 
images. 

10. Contractor shall coordinate all LCD display mounting heights with 
architectural drawings, Owner’s Representative and engineer.  Once 
heights and locations are approved the contractor shall coordinate all wall 
blocking, electrical boxes and receptacles locations in accordance to LCD 
display mounts. 

11. Contractor shall coordinate all LCD display mount solutions and casework 
with Owner’s Representative and General Contractor / Carpenter to 
ensure wall construction meets structural support capability of weight of 
displays and mounts and is appropriately fitted for a clean finished look.   

12. Contractor shall ensure appropriate alignment and color balance of all 
screens.   

13. Provide all required seismic bracing and supports per local code. 

14. Once the display wall is constructed, Contractor will perform an initial 
color balance.  After a period of no longer than sixty (60) days, the 
contractor will return for a touch up color balance.   

15. Contractor shall connect all input, output and control cables to the display 
wall and processor. 

16. Contractor will install and configure all software packages for a complete 
and operational system.  This will include wall management software, 
desktop screen scrapping applications, etc.  Configuration of this software 
will include installing the supplied software on all Owner and 
Administrator PC workstations as directed by the Owner’s 
Representative.   
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E. Control Equipment Setup and Testing: 

1. Test all hardwired and wireless network connections connected to the 
audiovisual system. 

2. Verify proper operation of all equipment and devices connected to the 
audiovisual control system. 

3. Verify correct function of all control system operations, including, but not 
limited to: 

a. Equipment powers on and off correctly and in the proper order. 

b. User is locked out of the system during system start-up and 
shutdown, timers are provided if this is an excessive period. 

c. When system is "shutdown" all appropriate audio and video has 
stopped playing.  

d. Gauges and feedback are registering correctly. 

e. Automated functions are sequencing properly. 

f. Interfaces are registering the same feedback. 

g. Devices are being controlled using the most robust control method 
available 

3.6 ACCEPTANCE TESTING 

A. Before Acceptance Tests are scheduled, perform a system checkout.   
Furnish all required test equipment and perform all work necessary to 
determine and/or modify performance of the system to meet the 
requirements  of  this  specification.    This work shall include the following: 

1. Submission of the Test and Measurement Data, comply with 274100 – 
Common Work Results for Audiovisual Systems and Equipment. 

2. Test all audio, video and related systems for compliance with the 
System Setup and Performance Verification as specified herein. 

3. Check all control functions, from all controlling devices to all controlled 
devices, for proper operation. 

4. Adjust,  balance,  and  align  all  equipment  for  optimum  quality  and  
to  meet  the manufacturer's published specifications.  Establish and 
mark normal settings for all level controls, and document these settings in 
the Operation and Maintenance Manual. 

5. Unless otherwise specified, use tamper-proof security covers on all 
controls affecting overall system level balance and signal-to-noise ratio, 
such as power amplifier input level  control,  and  input-output  level  
controls  for  equalizers,  mixers,  amplifiers,  etc. Some controls may 
require re-adjustment as the result of Acceptance Testing. 

6. Maintain documentation of all performance tests for reference by the 
Owner’s Representative during the System Acceptance Tests. 
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a. Upon completion of the tests and necessary adjustments, submit two 
copies of a written report presenting test results, including numerical 
values of all measurements,   for   review   by   the   Owner’s   
Representative   prior   to demonstration and System Acceptance 
testing. 

b. With the above report, submit written certification that the installation 
conforms to specifications, is complete, and is ready for inspection 
and testing by the Owner’s Representative. 

7. Meet with the Owner and the Owner’s Representative and make 
system changes as directed. 

B. Upon  completion  of  the  Contractor’s  system  checkout  and  
performance  verification, demonstrate  the  proper  operation  of  all  
audiovisual  systems  in  the  project  to  the Owner’s Representative. 

C. Provide a qualified technician knowledgeable with the system and the 
installation to assist the 

Owner’s Representative with the acceptance procedure. 

D. The  Contractor  shall  provide  all  labor,  materials,  tools,  and  
measurement  equipment necessary for these demonstrations, tests and 
adjustments. 

E. System Acceptance Tests will not be performed until the Contractor's system 
checkout has been completed.  The System Acceptance Tests will be 
supervised by the Owner’s Representative and will consist of the following: 

1. A physical inventory will be taken of all equipment on site. 

2. The operation of all system equipment shall be demonstrated by the 
Contractor. 

3. Both subjective and objective tests will be required to determine 
compliance with the specifications. 

4. Acceptance Tests may include speech intelligibility surveys and 
subjective evaluations by observers listening at various positions under 
various operating conditions, using speech, music, and live or recorded 
effects material.   Acceptance tests shall include viewing of monitor 
images for sharpness, contrast, brightness, and color. 

5. Measurement of frequency response, distortion, noise, wave form, color 
vector, or other characteristics  may  be  performed  (or  a  
demonstration  test  requested)  by  the Owner’s Representative on 
any item, or group of items, deemed necessary to determine conformity 
with criteria. 

6. All final Record Drawings, run sheets, manuals, and other required 
documents, as detailed herein, shall be on hand. Two complete sets of 
these documents shall be delivered to the Owner’s Representative at this 
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time. (One complete set shall have been  delivered  to  the  Owner’s  
Representative  prior  to  the  scheduling  of Acceptance Tests). 

7. In the event further adjustment is required, or defective equipment must 
be repaired or replaced, tests may be suspended or continued at the 
option of the Owner’s Representative. 

3.7 DEMONSTRATION AND INSTRUCTION 

 

A. Upon completion of the system installation and acceptance procedure, 
provide 24 hours of system training and orientation for the Owner’s 
personnel.  An individual intimately familiar with the equipment in the system 
and qualified to explain it in detail should conduct the training.  When an 
employee capable of providing such training is not available, retain the 
services of someone qualified to do so at no additional fee. 

B. Conduct the training prior to the Owner using the system for the first time 
to ensure proper usage.  If necessary, conduct the training at a time outside 
of normal business hours at no additional fee. 

C. Operator's Training  

1. This course shall be taught at the project site for a period of (2) 
consecutive training days for each audiovisual system during or after the 
Contractor's field testing, but immediately before commencing the 
performance verification test.  

2. A maximum of 8 staff members shall attend this course.  

3. Operator’s Training at a minimum shall include but not limited to: 

a. General System architecture and description. 

b. Functional operation of the system. 

c. Operator functions 

d. General Maintenance. 

e. Alarm reporting. 

f. Diagnostics. 

4. The course shall also include instruction on the specific hardware 
configuration of the installed system and specific instructions for 
operating the installed system. Upon completion of this course, each 
student shall be able to start the system, operate the system, recover the 
system after a failure, and describe the specific hardware architecture 
and operation of the system. 

5. Students shall have completed the system overview training prior to 
taking this course 

6. NOTE: No part of the training given during this course shall be counted 
toward completion of the performance verification test.  
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D. System Administrator Training 

1. Up to four (4) staff shall be trained for at least two (2) consecutive days. 
The staff attending this course shall have previously successfully 
completed the operator training course(s). It shall occur at least 1 month 
prior to the start of performance testing as for the test. 

2. It shall cover but not limited to: 

a. Physical review of installed systems. 

b. Review of systems documentation and test results. 

c. Instructions on standard care and maintenance methods to enable 
Owner’s personnel to successfully maintain system. 

d. Additional Owner requirements defined during project 

e. Video System administration policy and procedures. 

f. Control system administration policy and procedures. 

g. Audio System policy and procedures. 

h. System recovery policy and procedures. 

i. System maintenance procedures. 

3.8 GO-LIVE SUPPORT 

A. Provide one person for 8 hours with the first scheduled go-live date.   For 
a period of one week after this day, provide necessary support to ensure 2-
hour response time to issues that arise. 

 

END OF SECTION 
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SECTION 28 05 13

CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to
this Section.

1.2 SUMMARY

A. Section Includes:

1. STP cabling.

2. RS-232 cabling.

3. RS-485 cabling.

4. Low-voltage control cabling.

5. Control-circuit conductors.

6. Fire alarm wire and cable.

7. Identification products.

1.3 ACTION SUBMITTALS

A. Product Data:  For each type of product.

1.4 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For qualified layout technician, installation supervisor, and
field inspector.

B. Source quality-control reports.

1.5 QUALITY ASSURANCE

A. Testing Agency Qualifications:  An NRTL.

1. Testing Agency's Field Supervisor:  Currently certified by BICSI as an
RCDD to supervise on-site testing.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Test cables upon receipt at Project site.  Test each pair of STP cable for open
and short circuits.
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1.7 FIELD CONDITIONS

A. Do not install conductors and cables that are wet, moisture damaged, or mold
damaged.

1. Indications that wire and cables are wet or moisture damaged include, but
are not limited to, discoloration and sagging of factory packing materials.

B. Environmental Limitations:  Do not deliver or install STP cable and connecting
materials until wet work in spaces is complete and dry, and temporary HVAC
system is operating and maintaining ambient temperature and humidity
conditions at occupancy levels during the remainder of the construction
period.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Surface-Burning Characteristics:  Comply with ASTM E 84; testing by a
qualified testing agency.  Identify products with appropriate markings of
applicable testing agency.

1. Flame-Spread Index:  25 or less.

2. Smoke-Developed Index:  50 or less.

B. Electrical Components, Devices, and Accessories:  Listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended
location and application.

2.2 BACKBOARDS

A. Backboards:  Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by
1220 by 2440 mm).  Comply with requirements for plywood backing panels in
Section 06 10 00 "Rough Carpentry."

2.3 STP CABLE

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. ADC.

2. AMP Netconnect; a brand of Tyco Electronics Corporation.

3. Belden Inc.

4. Berk-Tek; a Nexans company.

5. CommScope, Inc.

6. Draka Cableteq USA.



WHCRWA CONDUCTORS AND CABLES FOR ELECTRONIC

CENTRAL PUMP STATION SAFETY AND SECURITY

WHCRWA CENTRAL PUMP STATION

CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY SECURITY
28 05 13 - 3 OF 12

7. Genesis Cable Products; Honeywell International, Inc.

8. Mohawk; a division of Belden Networking, Inc.

9. Superior Essex Inc.

10. SYSTIMAX Solutions; a CommScope, Inc. brand.

11. 3M; Communication Markets Division.

B. Description:  100-ohm, four-pair STP, covered with a blue thermoplastic
jacket.

1. Comply with ICEA S-90-661 for mechanical properties.

2. Comply with TIA/EIA-568-B.1 for performance specifications.

3. Comply with TIA/EIA-568-B.2, Category 6.

4. Listed and labeled by an NRTL acceptable to authorities having
jurisdiction as complying with UL 444 and NFPA 70 for the following types:

a. Communications, General Purpose:  Type CM or CMG; or MPP, CMP,
MPR, CMR, MP, or MPG.

b. Communications, Plenum Rated:  Type CMP or MPP, complying with
NFPA 262.

c. Communications, Riser Rated:  Type CMR; or MPP, CMP, or MPR,
complying with UL 1666.

d. Communications, Limited Purpose:  Type CMX; or MPP, CMP, MPR,
CMR, MP, MPG, CM, or CMG.

e. Multipurpose:  Type MP or MPG; or MPP or MPR.

f. Multipurpose, Plenum Rated:  Type MPP, complying with NFPA 262.

g. Multipurpose, Riser Rated:  Type MPR or MPP, complying with
UL 1666.

2.4 STP CABLE HARDWARE

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. ADC.

2. American Technology Systems Industries, Inc.

3. AMP Netconnect; a brand of Tyco Electronics Corporation.

4. Belden Inc.

5. Dynacom Inc.

6. Hubbell Incorporated; Hubbell Premise Wiring.
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7. Leviton Commercial Networks Division.

8. Molex Premise Networks; a division of Molex, Inc.

9. Panduit Corp.

10. Siemon.

B. STP Cable Connecting Hardware:  IDC type, using modules designed for
punch-down caps or tools.  Cables shall be terminated with connecting
hardware of the same category or higher.

C. Connecting Blocks:  110-style for Category 6.  Provide blocks for the number
of cables terminated on the block, plus 25 percent spare.  Integral with
connector bodies, including plugs and jacks where indicated.

2.5 RS-232 CABLE

A. Standard Cable:  NFPA 70, Type CM.

1. Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned copper conductors.

2. Polypropylene insulation.

3. Individual aluminum foil-polyester tape shielded pairs with 100 percent
shield coverage.

4. PVC jacket.

5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32)
tinned copper drain wire.

6. Flame Resistance:  Comply with UL 1581.

B. Plenum-Rated Cable:  NFPA 70, Type CMP.

1. Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned copper conductors.

2. Plastic insulation.

3. Individual aluminum foil-polyester tape shielded pairs with 100 percent
shield coverage.

4. Plastic jacket.

5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32)
tinned copper drain wire.

6. Flame Resistance:  Comply with NFPA 262.

2.6 RS-485 CABLE

A. Standard Cable:  NFPA 70, Type CM or CMG.

1. Paired, 2 pairs, twisted, No. 22 AWG, stranded (7x30) tinned copper
conductors.

2. PVC insulation.
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3. Shielded.

4. PVC jacket.

5. Flame Resistance:  Comply with UL 1581.

B. Plenum-Rated Cable:  NFPA 70, Type CMP.

1. Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned copper conductors.

2. Fluorinated ethylene propylene insulation.

3. Shielded.

4. Fluorinated ethylene propylene jacket.

5. Flame Resistance:  NFPA 262, Flame Test.

2.7 LOW-VOLTAGE CONTROL CABLE

A. Paired Cable:  NFPA 70, Type CMG.

1. One pair, twisted, No. 16 AWG, stranded (19x29) tinned copper
conductors.

2. PVC insulation.

3. Shielded.

4. PVC jacket.

5. Flame Resistance:  Comply with UL 1581.

B. Plenum-Rated, Paired Cable:  NFPA 70, Type CMP.

1. One pair, twisted, No. 16 AWG, stranded (19x29) tinned copper
conductors.

2. PVC insulation.

3. Shielded.

4. PVC jacket.

5. Flame Resistance:  Comply with NFPA 262.

2.8 CONTROL-CIRCUIT CONDUCTORS

A. Class 1 Control Circuits:  Stranded copper, Type THHN-THWN, complying
with UL 83, in raceway.

B. Class 2 Control Circuits:  Stranded copper, Type THHN-THWN, complying
with UL 83, in raceway.

C. Class 3 Remote-Control and Signal Circuits:  Stranded copper, Type TW or
TF, complying with UL 83.
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2.9 FIRE ALARM WIRE AND CABLE

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not
limited to, the following:

1. Comtran Corporation.

2. Draka Cableteq USA.

3. Genesis Cable Products; Honeywell International, Inc.

4. Rockbestos-Suprenant Cable Corp.

5. West Penn Wire.

B. General Wire and Cable Requirements:  NRTL listed and labeled as
complying with NFPA 70, Article 760.

C. Signaling Line Circuits:  Twisted, shielded pair, not less than No. 18 AWG.

1. Circuit Integrity Cable:  Twisted shielded pair, NFPA 70, Article 760,
Classification CI, for power-limited fire alarm signal service Type FPL.
NRTL listed and labeled as complying with UL 1424 and UL 2196 for a 2-
hour rating.

D. Non-Power-Limited Circuits:  Solid-copper conductors with 600-V rated, 75
deg C, color-coded insulation.

1. Low-Voltage Circuits:  No. 16 AWG, minimum.

2. Line-Voltage Circuits:  No. 12 AWG, minimum.

3. Multiconductor Armored Cable:  NFPA 70, Type MC, copper conductors,
Type TFN/THHN conductor insulation, copper drain wire, copper
armor with outer jacket with red identifier stripe, NTRL listed for fire alarm
and cable tray installation, plenum rated, and complying with requirements
in UL 2196 for a 2-hour rating.

2.10 IDENTIFICATION PRODUCTS

A. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. Brady Worldwide, Inc.

2. HellermannTyton North America.

3. Kroy LLC.

4. Panduit Corp.

B. Comply with UL 969 for a system of labeling materials, including label stocks,
laminating adhesives, and inks used by label printers.

C. Comply with requirements in Section 10 14 00 "Identification Devices."
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2.11 SOURCE QUALITY CONTROL

A. Factory test STP cables on reels according to TIA/EIA-568-B.1.

B. Factory test STP cables according to TIA/EIA-568-B.2.

C. Cable will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports.

PART 3 - EXECUTION

3.1 INSTALLATION OF HANGERS AND SUPPORTS

A. Comply with requirements in Section 26 05 29 "Hangers and Supports for
Electrical Systems" for installation of supports for cables.

3.2 WIRING METHOD

A. Install wiring in metal pathways and wireways.

1. Minimum conduit size shall be 3/4 inch (21 mm).  Control and data
transmission wiring shall not share conduit with other building wiring
systems.

2. Comply with requirements in Section 28 05 28 "Pathways for Electronic
Safety and Security."

3. Comply with requirements in Section 26 05 36 "Cable Trays for Electrical
Systems."

B. Wiring within Enclosures:

1. Bundle, lace, and train conductors to terminal points with no excess and
without exceeding manufacturer's limitations on bending radii.

2. Install lacing bars and distribution spools.

3. Separate power-limited and non-power-limited conductors as
recommended in writing by manufacturer.

4. Install conductors parallel with or at right angles to sides and back of
enclosure.

5. Connect conductors that are terminated, spliced, or interrupted in any
enclosure associated with intrusion system to terminal blocks.

6. Mark each terminal according to system's wiring diagrams.

7. Make all connections with approved crimp-on terminal spade lugs,
pressure-type terminal blocks, or plug connectors.

3.3 INSTALLATION OF CONDUCTORS AND CABLES

A. Comply with NECA 1.
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B. Conductors:  Size according to system manufacturer's written instructions
unless otherwise indicated.

C. General Requirements for Cabling:

1. Comply with TIA/EIA-568-B.1.

2. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices."

3. Terminate all conductors; no cable shall contain unterminated elements.
Make terminations only at indicated outlets, terminals, and cross-connect
and patch panels.

4. Cables may not be spliced.  Secure and support cables at intervals not
exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from
cabinets, boxes, fittings, outlets, racks, frames, and terminals.

5. Bundle, lace, and train conductors to terminal points without exceeding
manufacturer's limitations on bending radii, but not less than radii specified
in BICSI ITSIM, "Cabling Termination Practices" Chapter.  Install lacing
bars and distribution spools.

6. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not
splice cable between termination, tap, or junction points.  Remove and
discard cable if damaged during installation and replace it with new cable.

7. Cold-Weather Installation:  Bring cable to room temperature before
dereeling.  Heat lamps shall not be used for heating.

8. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor
cable pull tensions.

D. STP Cable Installation:  Install using techniques, practices, and methods that
are consistent with Category 6 rating of components and that ensure
Category 6 performance of completed and linked signal paths, end to end.

1. Comply with TIA/EIA-568-B.2.

2. Install 110-style IDC termination hardware unless otherwise indicated.

3. Do not untwist STP cables more than 1/2 inch (12 mm) from the point of
termination to maintain cable geometry.

E. Open-Cable Installation:

1. Install cabling with horizontal and vertical cable guides in
telecommunications spaces with terminating hardware and
interconnection equipment.

2. Suspend copper cable not in a wireway or pathway a minimum of 8 inches
(200 mm) above ceilings by cable supports not more than 60 inches (1525
mm) apart.

3. Cable shall not be run through structural members or in contact with pipes,
ducts, or other potentially damaging items.
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F. Installation of Cable Routed Exposed under Raised Floors:

1. Install plenum-rated cable only.

2. Install cabling after the flooring system has been installed in raised floor
areas.

3. Coil cable 72 inches (1830 mm) long shall be neatly coiled not less than
12 inches (300 mm) in diameter below each feed point.

G. Separation from EMI Sources:

1. Comply with BICSI TDMM and TIA-569-B recommendations for
separating shielded copper voice and data communication cable from
potential EMI sources, including electrical power lines and equipment.

2. Separation between open communications cables or cables in nonmetallic
raceways and shielded power conductors and electrical equipment shall
be as follows:

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 5 inches
(127 mm).

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 12
inches (300 mm).

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 24
inches (600 mm).

3. Separation between communications cables in grounded metallic
raceways and shielded power lines or electrical equipment shall be as
follows:

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 2-1/2
inches (64 mm).

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6
inches (150 mm).

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 12
inches (300 mm).

4. Separation between cables in grounded metallic raceways and power
lines and electrical equipment located in grounded metallic conduits or
enclosures shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA:  No requirement.

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 3
inches (75 mm).

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 6 inches
(150 mm).

5. Separation between Cables and Electrical Motors and Transformers, 5
kVA or HP and Larger:  A minimum of 48 inches (1200 mm).
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6. Separation between Cables and Fluorescent Fixtures:  A minimum of 5
inches (127 mm).

3.4 FIRE ALARM WIRING INSTALLATION

A. Comply with NECA 1 and NFPA 72.

B. Wiring Method:

1. Cables and raceways used for fire alarm circuits, and equipment control
wiring associated with the fire alarm system, may not contain any other
wire or cable.

2. Fire-Rated Cables:  Use of 2-hour, fire-rated fire alarm cables, NFPA 70,
Types MI and CI, is permitted.

3. Signaling Line Circuits:  Power-limited fire alarm cables shall not be
installed in the same cable or raceway as signaling line circuits.

C. Wiring within Enclosures:  Separate power-limited and non-power-limited
conductors as recommended by manufacturer.  Install conductors parallel
with or at right angles to sides and back of the enclosure.  Bundle, lace, and
train conductors to terminal points with no excess.  Connect conductors that
are terminated, spliced, or interrupted in any enclosure associated with the
fire alarm system to terminal blocks.  Mark each terminal according to the
system's wiring diagrams.  Make all connections with approved crimp-on
terminal spade lugs, pressure-type terminal blocks, or plug connectors.

D. Cable Taps:  Use numbered terminal strips in junction, pull, and outlet boxes,
cabinets, or equipment enclosures where circuit connections are made.

E. Color-Coding:  Color-code fire alarm conductors differently from the normal
building power wiring.  Use one color-code for alarm circuit wiring and another
for supervisory circuits.  Color-code audible alarm-indicating circuits
differently from alarm-initiating circuits.  Use different colors for visible alarm-
indicating devices.  Paint fire alarm system junction boxes and covers red.

F. Risers:  Install at least two vertical cable risers to serve the fire alarm system.
Separate risers in close proximity to each other with a minimum one-hour-
rated wall, so the loss of one riser does not prevent the receipt or
transmission of signals from other floors or zones.

G. Wiring to Remote Alarm Transmitting Device:  1-inch (25-mm) conduit
between the fire alarm control panel and the transmitter.  Install number of
conductors and electrical supervision for connecting wiring as needed to suit
monitoring function.

3.5 POWER AND CONTROL-CIRCUIT CONDUCTORS

A. 120-V Power Wiring:  Install according to Section 26 05 19 "Wire and Cable:
600 Volt and Below" unless otherwise indicated.
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B. Minimum Conductor Sizes:

1. Class 1 remote-control and signal circuits, No. 14 AWG.

2. Class 2 low-energy, remote-control and signal circuits, No. 16 AWG.

3. Class 3 low-energy, remote-control, alarm and signal circuits, No. 12
AWG.

3.6 CONNECTIONS

A. Comply with requirements in Section 26 05 19 "Wire and Cable: 600 Volt and
Below" for connecting, terminating, and identifying wires and cables.

3.7 FIRESTOPPING

A. Comply with requirements in Section 07 84 00 "Firestopping."

B. Comply with TIA-569-B, "Firestopping" Annex A.

C. Comply with BICSI TDMM, "Firestopping Systems" Article.

3.8 GROUNDING

A. For low-voltage wiring and cabling, comply with requirements in
Section 26 05 26 "Grounding".

3.9 IDENTIFICATION

A. Identify system components, wiring, and cabling complying with
TIA/EIA-606-A.  Comply with requirements for identification specified in
Section 10 14 00 "Identification Devices."

3.10 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. Visually inspect STP cable jacket materials for NRTL certification
markings.  Inspect cabling terminations to confirm color-coding for pin
assignments, and inspect cabling connections to confirm compliance with
TIA/EIA-568-B.1.

2. Visually inspect cable placement, cable termination, grounding and
bonding, equipment and patch cords, and labeling of all components.

3. Test STP cabling for DC loop resistance, shorts, opens, intermittent faults,
and polarity between conductors.  Test operation of shorting bars in
connection blocks.  Test cables after termination but not cross connection.

B. Document data for each measurement.  Print data for submittals in a
summary report that is formatted using Table 10.1 in BICSI TDMM as a
guide, or transfer the data from the instrument to the computer, save as text
files, print, and submit.
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C. End-to-end cabling will be considered defective if it does not pass tests and
inspections.

D. Prepare test and inspection reports.

END OF SECTION



WHCRWA GROUNDING AND BONDING FOR ELECTRONIC 

CENTRAL PUMP STATION SAFETY AND SECURITY 

 

WHCRWA CENTRAL PUMP STATION 
GROUNDING AND BONDING FOR ELECTRONIC SAFETY AND SECURITY 

28 05 26 - 1 OF 4 

 

SECTION 28 05 26 

GROUNDING AND BONDING FOR ELECTRONIC SAFETY AND SECURITY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Grounding conductors. 

2. Grounding connectors. 

3. Grounding busbars. 

1.2 DEFINITIONS 

A. Signal Ground:  The ground reference point designated by manufacturer of 
the system that is considered to have zero voltage. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

1. Harger Lightning and Grounding. 

2. Panduit Corp. 

3. Tyco Electronics Corp. 

B. Comply with UL 486A-486B. 

C. Insulated Conductors:  Stranded copper wire, green or green with yellow 
stripe insulation, insulated for 600 V, and complying with UL 83. 

1. Ground wire for custom-length equipment ground jumpers shall be 
No. 6 AWG, 19-strand, UL-listed, Type THHN wire. 

D. Bare Copper Conductors: 

1. Solid Conductors:  ASTM B 3. 

2. Stranded Conductors:  ASTM B 8. 

3. Tinned Conductors:  ASTM B 33. 

http://www.specagent.com/LookUp/?ulid=7614&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853869&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853870&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853871&mf=04&src=wd
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4. Bonding Cable:  28 kcmils (14.2 sq. mm), 14 strands of No. 17 AWG 
conductor, and 1/4 inch (6.3 mm) in diameter. 

5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor. 

6. Bonding Jumper:  Tinned-copper tape, braided conductors terminated with 
two-hole copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 
mm) thick. 

2.2 CONNECTORS 

A. Irreversible connectors listed for the purpose.  Listed by an NRTL as 
complying with NFPA 70 for specific types, sizes, and combinations of 
conductors and other items connected.  Comply with UL 486A-486B. 

B. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

1. Burndy; Part of Hubbell Electrical Systems. 

2. Chatsworth Products, Inc. 

3. Harger Lightning and Grounding. 

4. Panduit Corp. 

5. Tyco Electronics Corp. 

C. Compression Wire Connectors:  Crimp-and-compress connectors that bond 
to the conductor when the connector is compressed around the conductor.  
Comply with UL 467. 

1. Electroplated tinned copper, C and H shaped. 

D. Busbar Connectors:  Cast silicon bronze, solderless compression or 
exothermic-type mechanical connector; with a long barrel and two holes 
spaced on 5/8- or 1-inch (15.8- or 25.4-mm) centers for a two-bolt connection 
to the busbar. 

E. Welded Connectors:  Exothermic-welding kits of types recommended by kit 
manufacturer for materials being joined and installation conditions. 

2.3 GROUNDING BUSBARS 

A. Manufacturers:  Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 

1. Chatsworth Products, Inc. 

2. Harger Lightning and Grounding. 

3. Panduit Corp. 

http://www.specagent.com/LookUp/?uid=123456853872&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853873&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853874&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853875&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853876&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853877&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853878&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456853879&mf=04&src=wd
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B. Rack and Cabinet Grounding Busbars:  Rectangular bars of hard-drawn solid 
copper, accepting conductors ranging from No. 14 to No. 2/0 AWG, NRTL 
listed as complying with UL 467, and complying with J-STD-607-A.  Predrilling 
shall be with holes for use with lugs specified in this Section. 

1. Cabinet-Mounted Busbar:  Terminal block, with stainless-steel or copper-
plated hardware for attachment to the cabinet. 

2. Rack-Mounted Horizontal Busbar:  Designed for mounting in 19- or 23-
inch (483- or 584-mm) equipment racks.  Include a copper splice bar for 
transitioning to an adjoining rack, and stainless-steel or copper-plated 
hardware for attachment to the rack. 

3. Rack-Mounted Vertical Busbar:  72 or 36 inches (1827 or 914 mm long, 
with)stainless-steel or copper-plated hardware for attachment to the rack. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with IEEE 1100, "Recommended Practice for Power and Grounding 
Electronic Equipment." 

1. Ground cable shields, drain conductors, and equipment to eliminate shock 
hazard and to minimize ground loops, common-mode returns, noise 
pickup, cross talk, and other impairments. 

2. Bond shields and drain conductors to ground at only one point in each 
circuit. 

B. Signal Ground: 

1. For each system, establish the signal ground and label that location as 
such. 

2. Bond the signal ground to the alternating-current (ac) power system 
service by connecting to one of the following listed locations, using 
insulated No. 6 AWG, stranded, Type THHN wire: 

a. Grounding bar in an electrical power panelboard if located in the same 
room or space as the signal ground. 

b. Telecommunications grounding busbar. 

C. Comply with NECA 1. 

3.2 APPLICATION 

A. Conductors:  Install solid conductor for No. 8 AWG and smaller and stranded 
conductors for No. 6 AWG and larger unless otherwise indicated. 

B. Grounding and Bonding Conductors: 
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1. Install in the straightest and shortest route between the origination and 
termination point, and no longer than required.  The bend radius shall not 
be smaller than eight times the diameter of the conductor.  No one bend 
may exceed 90 degrees. 

2. Install without splices. 

3. Support at not more than 36-inch (900-mm) intervals. 

3.3 CONNECTIONS 

A. Stacking of conductors under a single bolt is not permitted when connecting 
to busbars. 

B. Assemble the wire connector to the conductor, complying with manufacturer's 
written instructions and as follows: 

1. Use crimping tool and the die specific to the connector. 

2. Pretwist the conductor. 

3. Apply an antioxidant compound to all bolted and compression 
connections. 

C. Shielded Cable:  Bond the shield of shielded cable to the signal ground.  
Comply with TIA/EIA-568-B.1 and TIA/EIA-568-B.2 when grounding 
screened, balanced, twisted-pair cables. 

D. Rack- and Cabinet-Mounted Equipment:  Bond powered equipment chassis 
to the cabinet or rack grounding bar.  Power connection shall comply with 
NFPA 70; the equipment grounding conductor in the power cord of cord- and 
plug-connected equipment shall be considered as a supplement to bonding 
requirements in this Section. 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Inspect physical and mechanical condition.  Verify tightness of accessible, 
bolted, electrical connections with a calibrated torque wrench according to 
manufacturer's written instructions. 

C. Grounding system will be considered defective if it does not pass tests and 
inspections. 

D. Prepare test and inspection reports. 

 

END OF SECTION 
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SECTION 28 05 28

PATHWAYS FOR ELECTRONIC SAFETY AND SECURITY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to
this Section.

1.2 SUMMARY

A. Section Includes:

1. Metal conduits, tubing, and fittings.

2. Nonmetallic conduits, tubing, and fittings.

3. Optical-fiber-cable pathways and fittings.

4. Metal wireways and auxiliary gutters.

5. Nonmetallic wireways and auxiliary gutters.

6. Surface pathways.

7. Boxes, enclosures, and cabinets.

8. Handholes and boxes for exterior underground cabling.

B. Related Requirements:

1. Section 26 05 33 "Raceways and Boxes for Electrical Systems" for conduits,
wireways, surface raceways, boxes, enclosures, cabinets, handholes, and
faceplate adapters serving electrical systems.

2. Section 27 05 28 "Pathways for Communications Systems" for conduits,
surface pathways, innerduct, boxes, and faceplate adapters serving
communications systems.

1.3 DEFINITIONS

A. ARC: Aluminum rigid conduit.

B. GRC: Galvanized rigid steel conduit.

C. IMC: Intermediate metal conduit.

1.4 ACTION SUBMITTALS

A. Product Data: For surface pathways, wireways and fittings, floor boxes,
hinged-cover enclosures, and cabinets.
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B. Shop Drawings: For custom enclosures and cabinets. Include plans,
elevations, sections, and attachment details.

1.5 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Pathway routing plans, drawn to scale, on which the
following items are shown and coordinated with each other, using input from
installers of items involved:

1. Structural members in paths of pathway groups with common supports.

2. HVAC and plumbing items and architectural features in paths of conduit
groups with common supports.

B. Source quality-control reports.

PART 2 - PRODUCTS

2.1 METAL CONDUITS, TUBING, AND FITTINGS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

1. AFC Cable Systems

2. Allied Tube & Conduit

3. Alpha Wire

4. Southwire Company

5. Thomas & Betts Corporation

6. Western Tube and Conduit

7. Wheatland Tube Company

B. General Requirements for Metal Conduits and Fittings:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency,
and marked for intended location and application.

2. Comply with TIA-569-B.

C. GRC: Comply with ANSI C80.1 and UL 6.

D. ARC: Comply with ANSI C80.5 and UL 6A.

E. IMC: Comply with ANSI C80.6 and UL 1242.

F. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit.

1. Comply with NEMA RN 1.

2. Coating Thickness: 0.040 inch, minimum.

G. EMT: Comply with ANSI C80.3 and UL 797.
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H. FMC: Comply with UL 1; aluminum.

I. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.

J. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.

1. Fittings for EMT:

a. Material: Steel.

b. Type: Setscrew or compression.

2. Expansion Fittings: PVC or steel to match conduit type, complying with
UL 467, rated for environmental conditions where installed, and including
flexible external bonding jumper.

3. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040
inch, with overlapping sleeves protecting threaded joints.

K. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by
authorities having jurisdiction for use in conduit assemblies, and compounded
for use to lubricate and protect threaded conduit joints from corrosion and to
enhance their conductivity.

2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS

A. General Requirements for Nonmetallic Conduits and Fittings:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency,
and marked for intended location and application.

2. Comply with TIA-569-B.

B. ENT: Comply with NEMA TC 13 and UL 1653.

C. RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless
otherwise indicated.

D. LFNC: Comply with UL 1660.

E. Rigid HDPE: Comply with UL 651A.

F. RTRC: Comply with UL 1684A and NEMA TC 14.

G. Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or
tubing type and material.

H. Fittings for LFNC: Comply with UL 514B.

2.3 OPTICAL-FIBER-CABLE PATHWAYS AND FITTINGS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

1. Alpha Wire

2. Arnco Corporation
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3. Endot Industries Inc.

B. Description: Comply with UL 2024; flexible-type pathway, approved for riser
installation unless otherwise indicated.

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency,
and marked for intended location and application.

2. Comply with TIA-569-B.

2.4 METAL WIREWAYS AND AUXILIARY GUTTERS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

1. B-Line

2. Hoffman

3. MonoSystems, Inc.

4. Square D

B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 4
unless otherwise indicated, and sized according to NFPA 70.

1. Metal wireways installed outdoors shall be listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location
and application.

2. Comply with TIA-569-B.

C. Fittings and Accessories: Include couplings, offsets, elbows, expansion joints,
adapters, hold-down straps, end caps, and other fittings to match and mate
with wireways as required for complete system.

D. Wireway Covers: Flanged-and-gasketed type unless otherwise indicated.

E. Finish: Manufacturer's standard enamel finish.

2.5 SURFACE PATHWAYS

A. General Requirements for Surface Pathways:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency,
and marked for intended location and application.

2. Comply with TIA-569-B.

B. Surface Metal Pathways: Galvanized steel with snap-on covers complying
with UL 5. Manufacturer's standard enamel finish in color selected by
Architect.

C. Surface Nonmetallic Pathways: Two- or three-piece construction, complying
with UL 5A, and manufactured of rigid PVC with texture and color selected by
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Architect from manufacturer's standard colors. Product shall comply with
UL 94 V-0 requirements for self-extinguishing characteristics.

2.6 BOXES, ENCLOSURES, AND CABINETS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

1. Adalet

2. Crouse-Hinds

3. Hoffman

4. MonoSystems, Inc.

5. O-Z/Gedney

6. Quazite

B. General Requirements for Boxes, Enclosures, and Cabinets:

1. Comply with TIA-569-B.

2. Boxes, enclosures and cabinets installed in wet locations shall be listed for
use in wet locations.

C. Sheet-Metal Outlet and Device Boxes: Comply with NEMA OS 1 and
UL 514A.

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, aluminum,
Type FD, with gasketed cover.

E. Box extensions used to accommodate new building finishes shall be of same
material as recessed box.

F. Metal Floor Boxes:

1. Material: Cast metal.

2. Type: Fully adjustable.

3. Shape: Rectangular.

4. Listing and Labeling: Metal floor boxes shall be listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for
intended location and application.

G. Nonmetallic Floor Boxes: Nonadjustable, rectangular.

1. Listing and Labeling: Nonmetallic floor boxes shall be listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for
intended location and application.

H. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.
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I. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and
UL 1773, cast aluminum with gasketed cover.

J. Device Box Dimensions: 4 inches by 2-1/8 inches by 2-1/8 inches deep.

K. Gangable boxes are prohibited.

L. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and
UL 514C.

M. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 4 with
continuous-hinge cover with flush latch unless otherwise indicated.

1. Metal Enclosures: Steel, finished inside and out with manufacturer's
standard enamel.

2. Nonmetallic Enclosures:

a. Material: Fiberglass.

b. Finished inside with radio-frequency-resistant paint.

3. Interior Panels: Steel; all sides finished with manufacturer's standard
enamel.

N. Cabinets:

1. NEMA 250, Type 12, galvanized-steel box with removable interior panel
and removable front, finished inside and out with manufacturer's standard
enamel.

2. Hinged door in front cover with flush latch and concealed hinge.

3. Key latch to match panelboards.

4. Metal barriers to separate wiring of different systems and voltage.

5. Accessory feet where required for freestanding equipment.

6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and
application.

2.7 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND CABLING

A. General Requirements for Handholes and Boxes:

1. Boxes and handholes for use in underground systems shall be designed
and identified as defined in NFPA 70, for intended location and
application.

2. Boxes installed in wet areas shall be listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location
and application.

3. Comply with TIA-569-B.
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B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover:
Molded of sand and aggregate, bound together with polymer resin, and
reinforced with steel, fiberglass or a combination of the two.

1. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

a. Armorcast Products Company

b. NewBasis

c. Oldcastle Enclosure solutions

2. Standard: Comply with SCTE 77.

3. Configuration: Designed for flush burial with integral closed bottom unless
otherwise indicated.

4. Cover: Weatherproof, secured by tamper-resistant locking devices and
having structural load rating consistent with enclosure and handhole
location.

5. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of
0.50.

6. Cover Legend: Molded lettering, "ELECTRIC.".

7. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with
entering ducts for secure, fixed installation in enclosure wall.

8. Handholes 12 Inches Wide by 24 Inches Long and Larger: Have inserts
for cable racks and pulling-in irons installed before concrete is poured.

2.8 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES

A. Handhole and Pull-Box Prototype Test: Test prototypes of handholes and
boxes for compliance with SCTE 77. Strength tests shall be for specified tier
ratings of products supplied.

1. Strength tests of complete boxes and covers shall be by either an
independent testing agency or manufacturer. A qualified registered
professional engineer shall certify tests by manufacturer.

2. Testing machine pressure gages shall have current calibration certification
complying with ISO 9000 and ISO 10012, and traceable to NIST standards.

PART 3 - EXECUTION

3.1 PATHWAY APPLICATION

A. Outdoors: Apply pathway products as specified below unless otherwise
indicated:
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1. Exposed Conduit: GRC.

2. Concealed Conduit, Aboveground: GRC.

3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried.

4. Connection to Vibrating Equipment (Including Transformers and Hydraulic,
Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC.

5. Boxes and Enclosures, Aboveground: NEMA 250, Type 4.

B. Indoors: Apply pathway products as specified below unless otherwise
indicated:

1. Exposed, Not Subject to Physical Damage: EMT.

2. Exposed, Not Subject to Severe Physical Damage: EMT.

3. Exposed and Subject to Severe Physical Damage: GRC.  Pathway
locations include the following:

a. Loading dock.

b. Corridors used for traffic of mechanized carts, forklifts, and pallet-
handling units.

c. Mechanical rooms.

d. Gymnasiums

e. Parking Garage.

4. Concealed in Ceilings and Interior Walls and Partitions: EMT.

5. Connection to Vibrating Equipment (Including Transformers and Hydraulic,
Pneumatic, Electric-Solenoid, or Motor-Driven Equipment): FMC, except
use LFMC in damp or wet locations.

6. Damp or Wet Locations: GRC.

7. Pathways for Optical-Fiber or Communications Cable in Spaces Used for
Environmental Air: Plenum-type, communications-cable pathway.

8. Pathways for Optical-Fiber or Communications-Cable Risers in Vertical
Shafts: Riser-type, communications-cable pathway.

9. Pathways for Concealed General Purpose Distribution of Optical-Fiber or
Communications Cable: Riser-type, communications-cable pathway.

10. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250,
Type 4 stainless steel in institutional and commercial kitchens and damp
or wet locations.

C. Minimum Pathway Size: 3/4-inch trade size. Minimum size for optical-fiber
cables is 1 inch.

D. Pathway Fittings: Compatible with pathways and suitable for use and location.
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1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit
fittings unless otherwise indicated. Comply with NEMA FB 2.10.

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for
use with this type of conduit. Patch and seal all joints, nicks, and scrapes
in PVC coating after installing conduits and fittings. Use sealant
recommended by fitting manufacturer and apply in thickness and number
of coats recommended by manufacturer.

3. EMT: Use setscrew or compression, steel fittings. Comply with
NEMA FB 2.10.

4. Flexible Conduit: Use only fittings listed for use with flexible conduit.
Comply with NEMA FB 2.20.

E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or
earth.

F. Install surface pathways only where indicated on Drawings.

G. Do not install nonmetallic conduit where ambient temperature exceeds 120
deg F (49 deg C).

3.2 INSTALLATION

A. Comply with NECA 1, NECA 101, and TIA-569-B for installation requirements
except where requirements on Drawings or in this article are stricter. Comply
with NECA 102 for aluminum pathways. Comply with NFPA 70 limitations for
types of pathways allowed in specific occupancies and number of floors.

B. Keep pathways at least 6 inches away from parallel runs of flues and steam
or hot-water pipes. Install horizontal pathway runs above water and steam
piping.

C. Complete pathway installation before starting conductor installation.

D. Comply with requirements in Section 26 05 29 "Hangers and Supports for
Electrical Systems" for hangers and supports.

E. Arrange stub-ups so curved portions of bends are not visible above finished
slab.

F. Install no more than the equivalent of three 90-degree bends in any conduit
run except for communications wiring conduits for which only two 90-degree
bends are allowed. Support within 12 inches of changes in direction.

G. Conceal conduit and EMT within finished walls, ceilings, and floors unless
otherwise indicated. Install conduits parallel or perpendicular to building lines.

H. Support conduit within 12 inches of enclosures to which attached.

I. Pathways Embedded in Slabs:

1. Run conduit larger than 1-inch trade size, parallel or at right angles to
main reinforcement. Where at right angles to reinforcement, place conduit
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close to slab support. Secure pathways to reinforcement at maximum 10-
foot (3-m) intervals.

2. Arrange pathways to cross building expansion joints at right angles with
expansion fittings.

3. Arrange pathways to keep a minimum of 1 inch of concrete cover in all
directions.

4. Do not embed threadless fittings in concrete unless specifically approved
by Architect for each specific location.

5. Change from ENT to GRC before rising above floor.

J. Stub-ups to Above Recessed Ceilings:

1. Use EMT, IMC, or RMC for pathways.

2. Use a conduit bushing or insulated fitting to terminate stub-ups not
terminated in hubs or in an enclosure.

K. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor
Conditions: Apply listed compound to threads of pathway and fittings before
making up joints. Follow compound manufacturer's written instructions.

L. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing
conductive compound prior to assembly.

M. Terminate threaded conduits into threaded hubs or with locknuts on inside
and outside of boxes or cabinets. Install insulated bushings on conduits
terminated with locknuts.

N. Do not rely on locknuts to penetrate nonconductive coatings on enclosures.
Remove coatings in the locknut area prior to conduit assembly to assure a
continuous ground path.

O. Cut conduit perpendicular to the length. For conduits of 2-inch trade size and
larger, use roll cutter or a guide to ensure cut is straight and perpendicular to
the length.

P. Install pull wires in empty pathways. Use polypropylene or monofilament
plastic line with not less than 200-lb (90-kg) tensile strength. Leave at least 12
inches of slack at each end of pull wire. Cap underground pathways
designated as spare above grade alongside pathways in use.

Q. Surface Pathways:

1. Install surface pathway for surface electrical outlet boxes only where
indicated on Drawings.

2. Install surface pathway with a minimum 2-inch radius control at bend
points.

3. Secure surface pathway with screws or other anchor-type devices at
intervals not exceeding 48 inches and with no less than two supports per
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straight pathway section. Support surface pathway according to
manufacturer's written instructions. Tape and glue are not acceptable
support methods.

R. Pathways for Optical-Fiber and Communications Cable: Install pathways,
metal and nonmetallic, rigid and flexible, as follows:

1. 3/4-Inch Trade Size and Smaller: Install pathways in maximum lengths of
50 feet (15 m).

2. 1-Inch Trade Size and Larger: Install pathways in maximum lengths of 75
feet.

3. Install with a maximum of two 90-degree bends or equivalent for each
length of pathway unless Drawings show stricter requirements. Separate
lengths with pull or junction boxes or terminations at distribution frames or
cabinets where necessary to comply with these requirements.

S. Install pathway sealing fittings at accessible locations according to NFPA 70
and fill them with listed sealing compound. For concealed pathways, install
each fitting in a flush steel box with a blank cover plate having a finish similar
to that of adjacent plates or surfaces. Install pathway sealing fittings
according to NFPA 70.

T. Install devices to seal pathway interiors at accessible locations. Locate seals
so no fittings or boxes are between the seal and the following changes of
environments. Seal the interior of all pathways at the following points:

1. Where conduits pass from warm to cold locations, such as boundaries of
refrigerated spaces.

2. Where an underground service pathway enters a building or structure.

3. Where otherwise required by NFPA 70.

U. Comply with manufacturer's written instructions for solvent welding PVC
conduit and fittings.

V. Expansion-Joint Fittings:

1. Install in each run of aboveground RNC that is located where
environmental temperature change may exceed 30 deg F (17 deg C), and
that has straight-run length that exceeds 25 feet (7.6 m). Install in each
run of aboveground RMC and EMT conduit that is located where
environmental temperature change may exceed 100 deg F (55 deg C) and
that has straight-run length that exceeds 100 feet (30 m).

2. Install type and quantity of fittings that accommodate temperature change
listed for each of the following locations:

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F (70
deg C) temperature change.
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b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C)
temperature change.

c. Indoor Spaces Connected with Outdoors without Physical Separation:
125 deg F (70 deg C) temperature change.

3. Install fitting(s) that provide expansion and contraction for at least 0.00041
inch per foot of length of straight run per deg F of temperature change for
PVC conduits. Install fitting(s) that provide expansion and contraction for at
least 0.000078 inch per foot of length of straight run per deg F of temperature
change for metal conduits.

4. Install expansion fittings at all locations where conduits cross building or
structure expansion joints.

5. Install each expansion-joint fitting with position, mounting, and piston setting
selected according to manufacturer's written instructions for conditions at
specific location at time of installation. Install conduit supports to allow for
expansion movement.

W. Flexible Conduit Connections: Comply with NEMA RV 3. Use maximum of 72
inches of flexible conduit for recessed and semi-recessed
luminaires, equipment subject to vibration, noise transmission, or movement;
and for transformers and motors.

1. Use LFMC in damp or wet locations subject to severe physical damage.

2. Use LFMC or LFNC in damp or wet locations not subject to severe
physical damage.

X. Mount boxes at heights indicated on Drawings. If mounting heights of boxes
are not individually indicated, give priority to ADA requirements. Install boxes
with height measured to center of box unless otherwise indicated.

Y. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell
of masonry block, and install box flush with surface of wall. Prepare block
surface to provide a flat surface for a raintight connection between box and
cover plate or supported equipment and box.

Z. Horizontally separate boxes mounted on opposite sides of walls so they are
not in the same vertical channel.

AA. Support boxes of three gangs or more from more than one side by
spanning two framing members or mounting on brackets specifically designed
for the purpose.

BB. Fasten junction and pull boxes to or support from building structure. Do
not support boxes by conduits.

CC. Set metal floor boxes level and flush with finished floor surface.

DD. Set nonmetallic floor boxes level. Trim after installation to fit flush with
finished floor surface.
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3.3 INSTALLATION OF UNDERGROUND CONDUIT

A. Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit.
Prepare trench bottom as specified in Section 31 23 00 "Earthwork" for
pipe less than 6 inches in nominal diameter.

2. Install backfill as specified in Section 31 23 00 "Earthwork."

3. After installing conduit, backfill and compact. Start at tie-in point, and work
toward end of conduit run, leaving conduit at end of run free to move with
expansion and contraction as temperature changes during this process.
Firmly hand tamp backfill around conduit to provide maximum supporting
strength. After placing controlled backfill to within 12 inches of finished
grade, make final conduit connection at end of run and complete
backfilling with normal compaction as specified in Section 31 23 00
"Earthwork."

4. Install manufactured rigid steel conduit elbows for stub-ups at poles and
equipment and at building entrances through floor.

a. For stub-ups at equipment mounted on outdoor concrete bases and
where conduits penetrate building foundations, extend steel conduit
horizontally a minimum of 60 inches from edge of foundation or
equipment base. Install insulated grounding bushings on terminations
at equipment.

5. Underground Warning Tape: Comply with requirements in
Section 10 14 00 "Identification Devices".

3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

A. Install handholes and boxes level and plumb and with orientation and depth
coordinated with connecting conduits to minimize bends and deflections
required for proper entrances.

B. Unless otherwise indicated, support units on a level bed of crushed stone or
gravel, graded from 1/2-inch sieve to No. 4 sieve and compacted to same
density as adjacent undisturbed earth.

C. Elevation: In paved areas, set so cover surface will be flush with finished
grade. Set covers of other enclosures 1 inch above finished grade.

D. Install handholes with bottom below frost line.

E. Install removable hardware, including pulling eyes, cable stanchions, cable
arms, and insulators, as required for installation and support of cables and
conductors and as indicated. Select arm lengths to be long enough to provide
spare space for future cables, but short enough to preserve adequate working
clearances in enclosure.
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F. Field cut openings for conduits according to enclosure manufacturer's written
instructions. Cut wall of enclosure with a tool designed for material to be cut.
Size holes for terminating fittings to be used, and seal around penetrations
after fittings are installed.

3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRONIC SAFETY
AND SECURITY PENETRATIONS

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall
assemblies. Comply with requirements in Section 26 05 44 "Sleeves and
Sleeve Seals for Electronic Safety and Security Pathways and Cabling."

3.6 FIRESTOPPING

A. Install firestopping at penetrations of fire-rated floor and wall assemblies.
Comply with requirements in Section 07 84 00 "Firestopping."

3.7 PROTECTION

A. Protect coatings, finishes, and cabinets from damage and deterioration.

1. Repair damage to galvanized finishes with zinc-rich paint recommended
by manufacturer.

2. Repair damage to PVC coatings or paint finishes with matching touchup
coating recommended by manufacturer.

END OF SECTION
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SECTION 28 05 44 

SLEEVES AND SLEEVE SEALS FOR ELECTRONIC SAFETY AND SECURITY 
PATHWAYS AND CABLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to 
this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Sleeves for pathway and cable penetration of non-fire-rated construction 
walls and floors. 

2. Sleeve-seal systems. 

3. Sleeve-seal fittings. 

4. Grout. 

5. Silicone sealants. 

B. Related Requirements: 

1. Section 07 84 00 "Firestopping" for penetration firestopping installed in 
fire-resistance-rated walls, horizontal assemblies, and smoke barriers, 
with and without penetrating items. 

2. penetration firestopping installed in fire-resistance-rated walls, horizontal 
assemblies, and smoke barriers, with and without penetrating items. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Wall Sleeves: 

1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, 
zinc coated, plain ends. 

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 
Galvanized-steel sheet; 0.0239-inch (0.6-mm) minimum thickness; round tube 
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closed with welded longitudinal joint, with tabs for screw-fastening the sleeve 
to the board. 

C. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40. 

D. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms. 

E. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth 
outer surface with nailing flange for attaching to wooden forms. 

F. Sleeves for Rectangular Openings: 

1. Material: Galvanized-steel sheet. 

2. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 
mm) and with no side larger than 16 inches (400 mm), thickness shall 
be 0.052 inch (1.3 mm). 

b. For sleeve cross-section rectangle perimeter 50 inches (1270 mm) or 
more and one or more sides larger than 16 inches (400 mm), thickness 
shall be 0.138 inch (3.5 mm). 

2.2 SLEEVE-SEAL SYSTEMS 

A. Description: Modular sealing device, designed for field assembly, to fill 
annular space between sleeve and pathway or cable. 

1. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of 
pipe. Include type and number required for pipe material and size of pipe. 

2. Pressure Plates: Stainless steel. 

3. Connecting Bolts and Nuts: Stainless steel of length required to secure 
pressure plates to sealing elements. 

2.3 SLEEVE-SEAL FITTINGS 

A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for 
embedding in concrete slab or wall. Unit shall have plastic or rubber 
waterstop collar with center opening to match piping OD. 

2.4 GROUT 

A. Description: Nonshrink; recommended for interior and exterior sealing 
openings in non-fire-rated walls or floors. 

B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-
adjusting, dry, hydraulic-cement grout. 

C. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength. 

D. Packaging: Premixed and factory packaged. 
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2.5 SILICONE SEALANTS 

A. Silicone Sealants: Single-component, silicone-based, neutral-curing 
elastomeric sealants of grade indicated below. 

1. Grade: Pourable (self-leveling) formulation for openings in floors and other 
horizontal surfaces that are not fire rated. 

B. Silicone Foams: Multicomponent, silicone-based, liquid elastomers that, when 
mixed, expand and cure in place to produce a flexible, nonshrinking foam. 

PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL 
PENETRATIONS 

A. Comply with NECA 1. 

B. Comply with NEMA VE 2 for cable tray and cable penetrations. 

C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and 
Masonry-Unit Floors and Walls: 

1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 

a. Seal annular space between sleeve and pathway or cable, using joint 
sealant appropriate for size, depth, and location of joint. Comply with 
requirements in Section 07 92 00 "Joint Sealants." 

b. Seal space outside of sleeves with mortar or grout. Pack sealing 
material solidly between sleeve and wall so no voids remain. Tool 
exposed surfaces smooth; protect material while curing. 

2. Use pipe sleeves unless penetration arrangement requires rectangular 
sleeved opening. 

3. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space 
between sleeve and pathway or cable unless sleeve seal is to be installed. 

4. Install sleeves for wall penetrations unless core-drilled holes or formed 
openings are used. Install sleeves during erection of walls. Cut sleeves to 
length for mounting flush with both surfaces of walls. Deburr after cutting. 

5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 
inches (50 mm) above finished floor level. Install sleeves during erection 
of floors. 

D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 

1. Use circular metal sleeves unless penetration arrangement requires 
rectangular sleeved opening. 

2. Seal space outside of sleeves with approved joint compound for gypsum 
board assemblies. 



SLEEVES AND SLEEVE SEALS FOR ELECTRONIC WHCRWA 

SAFETY AND SECURITY PATHWAYS AND CABLING CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION 
SLEEVES AND SLEEVE SEALS FOR ELECTRONIC SAFETY AND SECURITY PATHWAYS AND CABLING 

28 05 44 - 4 OF 4 

 

E. Roof-Penetration Sleeves: Seal penetration of individual pathways and cables 
with flexible boot-type flashing units applied in coordination with roofing work. 

F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe 
sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch 
(25-mm) annular clear space between pipe and sleeve for installing 
mechanical sleeve seals. 

G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe 
sleeves. Size sleeves to allow for 1-inch (25-mm) annular clear space 
between pathway or cable and sleeve for installing sleeve-seal system. 

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-
grade at pathway entries into building. 

B. Install type and number of sealing elements recommended by manufacturer 
for pathway or cable material and size. Position pathway or cable in center of 
sleeve. Assemble mechanical sleeve seals and install in annular space 
between pathway or cable and sleeve. Tighten bolts against pressure plates 
that cause sealing elements to expand and make watertight seal. 

3.3 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of 
concrete slabs and walls. Position waterstop flange to be centered in concrete 
slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Using grout, seal the space around outside of sleeve-seal fittings. 

 

END OF SECTION 
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SECTION 28 13 00

ACCESS CONTROL SOFTWARE AND DATABASE MANAGEMENT

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to this
Section.

1.2 SUMMARY

A. Section Includes:

1. Security access central-control station.

2. One or more security access networked workstations.

3. Security access operating system and application software.

4. Security access controllers connected to high-speed electronic-data
transmission network.

B. Related Requirements:

1. Section 281500 "Access Control System Hardware Devices" for access
control system hardware, such as keypads, card readers, and biometric
identity devices.

1.3 DEFINITIONS

A. Credential: Data assigned to an entity and used to identify that entity.

B. DTS: Digital Termination Service. A microwave-based, line-of-sight
communication provided directly to the end user.

C. Identifier: A credential card; keypad personal identification number; or code,
biometric characteristic, or other unique identification entered as data into the
entry-control database for the purpose of identifying an individual. Where this
term is presented with an initial capital letter, this definition applies.

D. Location: A Location on the network having a workstation-to-controller
communications link, with additional controllers at the Location connected to the
workstation-to-controller link with a TIA 485-A communications loop. Where this
term is presented with an initial capital letter, this definition applies.

E. Workstation: Personal computer. Applies to the central station, workstations,
and file servers.

F. RAS: Remote access services.
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G. RF: Radio frequency.

H. ROM: Read-only memory. ROM data are maintained through losses of power.

I. TCP/IP: Transport control protocol/Internet protocol.

J. TWAIN: Technology without an Interesting Name. A programming interface that
lets a graphics application, such as an image editing program or desktop
publishing program, activate a scanner, frame grabber, or other image-
capturing device.

K. WMP: Windows media player.

L. Wiegand: Patented magnetic principle that uses specially treated wires
embedded in the credential card.

M. WYSIWYG: What You See Is What You Get. Text and graphics appear on the
screen the same as they will in print.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of product indicated. Include rated capacities,
operating characteristics, and furnished specialties and accessories. Reference
each product to a location on Drawings. Test and evaluation data presented in
Product Data shall comply with SIA BIO-01.

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to
other work.

1. Diagrams for cable management system.

2. System labeling schedules, including electronic copy of labeling schedules
that are part of the cable and asset identification system of the software
specified in Parts 2 and 3.

3. Wiring Diagrams. For power, signal, and control wiring. Show typical
wiring schematics including the following:

a. Workstation outlets, jacks, and jack assemblies.

b. Patch cords.

c. Patch panels.

4. Cable Administration Drawings: As specified in "Identification" Article.

5. Battery and charger calculations for central station, workstations, and
controllers.

C. Product Schedules.

D. Samples: For workstation outlets, jacks, jack assemblies, and faceplates. For
each exposed product and for each color and texture specified.

1.5 INFORMATIONAL SUBMITTALS

A. Field quality-control reports.



WHCRWA ACCESS CONTROL SOFTWARE AND

CENTRAL PUMP STATION DATABASE MANAGEMENT

WHCRWA CENTRAL PUMP STATION

ACCESS CONTROL SOFTWARE AND DATABASE MANAGEMENT
28 13 00 - 3 OF 52

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For security system to include in emergency,
operation, and maintenance manuals. In addition to items specified in
Section 017823 "Operation and Maintenance Data," include the following:

1. Workstation operating system documentation.

2. Workstation installation and operating documentation, manuals, and
software for the workstation and all installed peripherals. Software shall
include system restore, emergency boot diskettes, and drivers for all
installed hardware. Provide separately for each workstation.

3. Hard copies of manufacturer's specification sheets, operating
specifications, design guides, user's guides for software and hardware,
and PDF files on cloud media of the hard-copy submittal.

4. System installation and setup guides with data forms to plan and record
options and setup decisions.

1.7 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged
with protective covering for storage and identified with labels describing
contents.

1. Laser Printers: Three toner cassettes and one replacement drum unit.

2. Credential card blanks, ready for printing. Include enough credential cards
for all personnel to be enrolled at the site plus an extra 50 percent for
future use.

3. Fuses of all kinds, power and electronic, equal to 10 percent of amount
installed for each size used, but no fewer than three units.

1.8 QUALITY ASSURANCE

A. Installer Qualifications: An employer of workers trained and approved by
manufacturer.

1. Cable installer must have on staff an RCDD certified by Building Industry
Consulting Service International.

B. Source Limitations: Obtain central station, workstations, controllers, Identifier
readers, and all software through one source from single manufacturer.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Central Station, Workstations, and Controllers:

1. Store in temperature- and humidity-controlled environment in original
manufacturer's sealed containers. Maintain ambient temperature between
50 and 85 deg F (10 and 30 deg C), and not more than 80 percent relative
humidity, noncondensing.
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2. Open each container; verify contents against packing list; and file copy of
packing list, complete with container identification, for inclusion in
operation and maintenance data.

3. Mark packing list with the same designations assigned to materials and
equipment for recording in the system labeling schedules that are
generated by software specified in "Cable and Asset Management
Software" Article.

4. Save original manufacturer's containers and packing materials and deliver
as directed under provisions covering extra materials.

1.10 PROJECT CONDITIONS

A. Environmental Conditions: System shall be capable of withstanding the
following environmental conditions without mechanical or electrical damage or
degradation of operating capability:

1. Control Station: Rated for continuous operation in ambient conditions of
60 to 85 deg F (16 to 30 deg C) and a relative humidity of 20 to 80
percent, noncondensing.

2. Indoor, Controlled Environment: NEMA 250, Type 1 enclosure. System
components, except the central-station control unit, installed in air-
conditioned indoor environments shall be rated for continuous operation in
ambient conditions of 36 to 122 deg F (2 to 50 deg C) dry bulb and 20 to
90 percent relative humidity, noncondensing.

3. Indoor, Uncontrolled Environment: NEMA 250, Type 12K enclosures.
System components installed in non-air-conditioned indoor environments
shall be rated for continuous operation in ambient conditions of 0 to 122
deg F (minus 18 to plus 50 deg C) dry bulb and 20 to 90 percent relative
humidity, noncondensing.

4. Outdoor Environment: NEMA 250, NEMA 250, Type 4X enclosures.
System components installed in locations exposed to weather shall be
rated for continuous operation in ambient conditions of minus 30 to plus
122 deg F (minus 34 to plus 50 deg C) dry bulb and 20 to 90 percent
relative humidity, condensing. Rate for continuous operation where
exposed to rain as specified in NEMA 250, winds up to 85 mph (137
km/h).

5. Hazardous Environment: System components located in areas where fire
or explosion hazards may exist because of flammable gases or vapors,
flammable liquids, combustible dust, or ignitable fibers shall be rated,
listed, and installed according to NFPA 70.

6. Corrosive Environment: For system components subjected to corrosive
fumes, vapors, and wind-driven salt spray in coastal zones, provide
NEMA 250, Type 6P enclosures.
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PART 2 - PRODUCTS

2.1 ACCESS CONTROL SOFTWARE

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

1. Bosch Security Systems
2. Honeywell International
3. Schneider Electric, USA

2.2 DESCRIPTION

A. Security Access System: Workstation-based central station, one or more
networked workstation-based workstations, and field-installed controllers,
connected by a high-speed electronic-data transmission network.

B. System Software: Based on 64-bit, Microsoft Windows 10 central-station,
workstation operating system, server operating system, and application
software. Software shall have the following capabilities:

1. Multiuser and multitasking to allow for independent activities and
monitoring to occur simultaneously at different workstations.

2. Graphical user interface to show pull-down menus and a menu-tree format
that complies with interface guidelines of the operating system.

3. System license for the entire system including capability for future
additions that are within the indicated system size limits specified in this
Section.

4. Open-architecture system that allows importing and exporting of data and
interfacing with other systems that are compatible with operating system.

5. Password-protected operator login and access.

6. Open-database-connectivity compliant.

C. Network connecting the central station and workstations shall be a LAN using
TCP/IP with a capacity of connecting up to 99 workstations. System shall be
portable across multiple communication platforms without changing system
software.

D. Network(s) connecting workstations and controllers shall consist of one or more
of the following:

1. Local area, IEEE 802.3 Fast Ethernet Gigabit-Ethernet, star topology
network based on TCP/IP.

2. Local area, IEEE 802.11 compatible wireless mesh network, based on
TCP/IP.
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3. Direct-connected, RS-232 cable from the COM port of the central station
to the first controller, then RS-485 cable to interconnect the remaining
controllers at that Location.

2.3 OPERATION

A. Security access system shall use a single database for access-control and
credential-creation functions.

B. Distributed Processing: A fully distributed processing system.

1. Access-control information, including time, date, valid codes, access
levels, and similar data, shall be downloaded to controllers so each
controller can make access-control decisions.

2. Intermediate controllers for access control are prohibited.

3. In the event that communications with the central controller are lost,
controllers shall automatically buffer event transactions until
communications are restored, at which time buffered events shall be
uploaded to the central station.

C. Number of Locations:

1. Support at least 32,000 separate Locations using a single workstation with
combinations of direct-connect, or TCP/IP LAN connections to each
Location.

2. Each Location shall have its own database and history in the central
station.

3. Locations may be combined to share a common database.

D. Data Capacity:

1. 130 different card-reader formats.

2. 999 comments.

3. 48 graphic file types for importing maps.

E. Location Capacity:

1. 1024 reader-controlled doors.

2. 50,000 total-access credentials.

3. 2048 supervised alarm inputs.

4. 2048 programmable outputs.

5. 32,000 custom action messages per Location to instruct operator on
action required when alarm is received.
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F. System Network Requirements:

1. System components shall be interconnected and shall provide automatic
communication of status changes, commands, field-initiated interrupts,
and other communications required for proper system operation.

2. Communication shall not require operator initiation or response and shall
return to normal after partial- or total-network interruption such as power
loss or transient upset.

3. System shall automatically annunciate communication failures to the
operator and shall identify the communications link that has experienced a
partial or total failure.

4. Communications controller may be used as an interface between the
central-station display systems and the field device network.
Communications controller shall provide functions required to attain the
specified network communications performance.

G. Central station shall provide operator interface, interaction, display, control, and
dynamic and real-time monitoring. Central station shall control system networks
to interconnect all system components, including workstations and field-
installed controllers.

H. Field equipment shall include controllers, sensors, and controls.

1. Controllers shall serve as an interface between the central station and
sensors and controls.

2. Data exchange between the central station and the controllers shall
include down-line transmission of commands, software, and databases to
controllers.

3. The up-line data exchange from the controller to the central station shall
include status data such as intrusion alarms, status reports, and entry-
control records.

4. Controllers are classified as alarm-annunciation or entry-control type.

I. System Response to Alarms:

1. Field device network shall provide a system end-to-end response time of
four second(s) or less for every device connected to the system.

2. Alarms shall be annunciated at the central station within one second of the
alarm occurring at a controller or at a device controlled by a local
controller, and within 100 ms if the alarm occurs at the central station.

3. Alarm and status changes shall be displayed within 100 ms after receipt of
data by the central station.

4. All graphics shall be displayed, including graphics-generated map
displays, on the console monitor within five seconds of alarm receipt at the
security console.
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J. False-Alarm Reduction: The design of the central station and controllers shall
contain features to reduce false alarms. Equipment and software shall comply
with SIA CP-01.

K. Error Detection:

1. Use a cyclic code method to detect single- and double-bit errors, burst
errors of eight bits or fewer, and at least 99 percent of all other multibit and
burst errors between controllers and the central station.

2. Interactive or product error-detection codes alone will not be acceptable.

3. A message shall be in error if one bit is received incorrectly.

4. Retransmit messages with detected errors.

5. Allow for an operator-assigned two-digit decimal number to each
communications link representing the number of retransmission attempts.

6. Central station shall print a communication failure alarm message when
the number of consecutive retransmission attempts equals the assigned
quantity.

7. Monitor the frequency of data transmission failure for display and logging.

L. Data Line Supervision: System shall initiate an alarm in response to opening,
closing, shorting, or grounding of data transmission lines.

M. Door Hardware Interface:

1. Comply with requirements in Section 08 70 00 "Finish Hardware" for door
hardware required to be monitored or controlled by the security access
system.

2. Electrical characteristics of controllers shall match the signal and power
requirements of door hardware.

2.4 PERFORMANCE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended
location and application.

B. Comply with NFPA 70, "National Electrical Code."

C. Comply with SIA DC-01 and SIA DC-03.

2.5 APPLICATION SOFTWARE

A. System Software: Based on 64-bit, Microsoft Windows central-station and
workstation operating system and application software.

1. Multiuser multitasking shall allow independent activities and monitoring to
occur simultaneously at different workstations.
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2. Graphical user interface shall show pull-down menus and a menu-tree
format.

3. Capability for future additions within the indicated system size limits.

4. Open architecture that allows importing and exporting of data and
interfacing with other systems that are compatible with operating system.

5. Password-protected operator login and access.

B. Application Software: Interface between the alarm annunciation and entry-
control controllers to monitor sensors and DTS links, operate displays, report
alarms, generate reports, and help train system operators.

1. Reside at the central station, workstations, and controllers as required to
perform specified functions.

2. Operate and manage peripheral devices.

3. Manage files for disk I/O, including creating, deleting, and copying files;
and automatically maintain a directory of all files, including size and
location of each sequential and random-ordered record.

4. Import custom icons into graphics to represent alarms and I/O devices.

5. Globally link I/O so that any I/O can link to any other I/O within the same
Location without requiring interaction with the host workstation. This
operation shall be at the controller.

6. Globally code I/O links so that any access-granted event can link to any
I/O with the same Location without requiring interaction with the host
workstation. This operation shall be at the controller.

7. Messages from workstation to controllers and controllers to controllers
shall be on a polled network that utilizes check summing and
acknowledgment of each message. Communication shall be automatically
verified, buffered, and retransmitted if message is not acknowledged.

8. Selectable poll frequency and message time-out settings shall handle
bandwidth and latency issues for TCP/IP, RF, and other workstation-to-
controller communications methods by changing the polling frequency and
the amount of time the system waits for a response.

9. Automatic and encrypted backups for database and history backups shall
be automatically stored at the central-control workstation and encrypted
with a nine-character alphanumeric password that must be used to restore
or read data contained in backup.

10. Operator audit trail for recording and reporting all changes made to
database and system software.

11. Support network protocol and topology, TCP/IP, Novel Netware, Digital
Pathworks, Banyan Vines, LAN/WAN, and RAS.
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C. Workstation Software:

1. Password levels shall be individually customized at each workstation to
allow or disallow operator access to program functions for each Location.

2. Workstation event filtering shall allow user to define events and alarms
that will be displayed at each workstation. If an alarm is unacknowledged
(not handled by another workstation) for a preset amount of time, the
alarm will automatically appear on the filtered workstation.

D. Controller Software:

1. Controllers shall operate as autonomous, intelligent processing units.

a. Controllers shall make decisions about access control, alarm
monitoring, linking functions, and door-locking schedules for their
operation, independent of other system components.

b. Controllers shall be part of a fully distributed processing-control
network.

c. The portion of the database associated with a controller, and
consisting of parameters, constraints, and the latest value or status
of points connected to that controller, shall be maintained in the
controller.

2. The following functions shall be fully implemented and operational within
each controller:

a. Monitoring inputs.

b. Controlling outputs.

c. Automatically reporting alarms to the central station.

d. Reporting of sensor and output status to the central station on
request.

e. Maintaining real time, automatically updated by the central station at
least once a day.

f. Communicating with the central station.

g. Executing controller resident programs.

h. Diagnosing.

i. Downloading and uploading data to and from the central station.

3. Controller Operations at a Location:

a. Up to 64 controllers connected to TIA 485-A communications loop.
Globally operating I/O linking and anti-passback functions between
controllers within the same Location without central-station or
workstation intervention. Linking and anti-passback shall remain fully
functional within the same Location even when the central station or
workstations are off-line.
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b. In the event of communication failure between the central station and
a Location, there shall be no degradation in operations at the
controllers at that Location. Controllers at each Location shall be
connected to a memory buffer with a capacity to store up to 10,000
events; there shall be no loss of transactions in system history files
until the buffer overflows.

c. Buffered events shall be handled in a first-in-first-out mode of
operation.

4. Individual Controller Operation:

a. Controllers shall transmit alarms, status changes, and other data to
the central station when communications circuits are operable. If
communications are not available, controllers shall function in a
stand-alone mode; operational data, including the status and alarm
data normally transmitted to the central station, shall be stored for
later transmission to the central station. Storage capacity for the
latest 1024 events shall be provided at each controller.

b. Card-reader ports of a controller shall be custom configurable for at
least 120 different card-reader or keypad formats. Multiple reader or
keypad formats may be used simultaneously at different controllers
or within the same controller.

c. Controllers shall provide a response to card readers or keypad
entries in less than 0.25 seconds, regardless of system size.

d. Controllers that are reset, or powered up from a nonpowered state,
shall automatically request a parameter download and reboot to their
proper working state. This shall happen without any operator
intervention.

e. Initial Startup: When controllers are brought on-line, database
parameters shall be automatically downloaded to them. After initial
download is completed, only database changes shall be downloaded
to each controller.

f. On failure for any reason, controllers shall perform an orderly
shutdown and force controller outputs to a predetermined failure-
mode state, consistent with the failure modes shown and the
associated control device.

g. After power is restored, following a power failure, startup software
shall initiate self-test diagnostic routines, after which controllers shall
resume normal operation.

h. After controller failure, if the database and application software are
no longer resident, controllers shall not restart but shall remain in the
failure mode until repaired. If database and application programs are
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resident, controllers shall immediately resume operation. If not,
software shall be restored automatically from the central station.

5. Communications Monitoring:

a. System shall monitor and report status of TIA 485-A communications
loop of each Location.

b. Communication status window shall display which controllers are
currently communicating, a total count of missed polls since
midnight, and which controller last missed a poll.

c. Communication status window shall show the type of CPU, the type
of I/O board, and the amount of RAM for each controller.

6. Operating systems shall include a real-time clock function that maintains
seconds, minutes, hours, day, date, and month. The real-time clock shall
be automatically synchronized with the central station at least once a day
to plus or minus 10 seconds. The time synchronization shall be automatic,
without operator action and without requiring system shutdown.

E. Workstation-to-Controller Communications:

1. Central-station or workstation communications shall use the following:

a. Direct connection using serial ports of the workstation.

b. TCP/IP LAN interface cards.

c. Dial-up or cable modems for connections to Locations.

2. Each serial port used for communications shall be individually configurable
for "direct communications," "modem communications incoming and
outgoing," or "modem communications incoming only," or as an ASCII
output port. Serial ports shall have adjustable data transmission rates and
shall be selectable under program control.

3. Use multiport communications board if more than two serial ports are
needed.

a. Use a 4-, 8-, or 16-serial port configuration that is expandable to 32-
or 64-serial ports.

b. Connect the first board to an internal PCI bus adapter card.

4. Direct serial, TCP/IP, and dial-up, cable, or satellite communications shall
be alike in the monitoring or control of the system except for the
connection that must first be made to a dial-up or voice-over IP Location.

5. TCP/IP network interface card (NIV) shall have an option to set the poll-
frequency and message-response time-out settings.

6. Workstation-to-controller and controller-to-controller communications
(direct, dial-up, or TCP/IP) shall use a polled-communication protocol that
checks sum and acknowledges each message. All communications in this
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subparagraph shall be verified and buffered, and retransmitted if not
acknowledged.

F. Direct Serial or TCP/IP Workstation-to-Controller Communications:

1. Communication software on the workstation shall supervise the
workstation-to-controller communications link.

2. Loss of communications to any controller shall result in an alarm at all
workstations running the communication software.

3. When communications are restored, all buffered events shall automatically
upload to the workstation, and any database changes shall be
automatically sent to the controller.

G. Broadband Workstation-to-Controller Communications:

1. Communication software on the workstation shall supervise the
workstation-to-controller communications link during dial-up modem
connect times.

2. Communication software shall be programmable to routinely poll each of
the remote dial-up or cable modem Locations, collecting event logs and
verifying phone lines at operator-selectable time intervals for each
Location.

3. System shall be programmable for dialing and connecting to all dial-up or
cable modem Locations and for retrieving the accrued history transactions
on an automatic basis as often as once every 10 minutes and up to once
every 9999 minutes.

4. Failure to communicate to a dial-up Location three times in a row shall
result in an alarm at the workstation.

5. Time offset capabilities shall be present so that Locations in a different
geographical time zone than the host workstation will be set to, and
maintained at, the proper local time. This feature shall allow for
geographical time zones that are ahead of or behind the host workstation.

6. The controller connected to a dial-up or cable modem shall automatically
buffer all normal transactions until its buffer reaches 80 percent of
capacity. When the transaction buffer reaches 80 percent, the controller
shall automatically initiate a call to the central station and upload all
transactions.

7. Alarms shall be reported immediately.

8. Dial-up or cable modems shall be provided by manufacturer of the system.
Modems used at the controller shall be powered by the controller. Power
to the modem shall include battery backup if the controller is so equipped.
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H. Controller-to-Controller Communications:

1. TIA 485-A, four-wire, point-to-point, regenerative (repeater)
communications network methodology.

2. TIA 485-A communications signal shall be regenerated at each controller.

I. Database Downloads:

1. All data transmissions from workstations to a Location, and between
controllers at a Location, shall include a complete database checksum to
check the integrity of the transmission. If the data checksum does not
match, a full data download shall be automatically retransmitted.

2. If a controller is reset for any reason, it shall automatically request and
receive a database download from the workstation. The download shall
restore data stored at the controller to their normal working state and shall
take place with no operator intervention.

J. Operator Interface:

1. Inputs in system shall have two icon representations, one for the normal
state and one for the abnormal state.

2. When viewing and controlling inputs, displayed icons shall automatically
change to the proper icon to display the current system state in real time.
Icons shall also display the input's state, whether armed or bypassed, and
if the input is in the armed or bypassed state due to a time zone or a
manual command.

3. Outputs in system shall have two icon representations, one for the secure
(locked) state and one for the open (unlocked) state.

4. Icons displaying status of the I/O points shall be constantly updated to
show their current real-time condition without prompting by the operator.

5. The operator shall be able to scroll the list of I/Os and press the
appropriate toolbar button, or right click, to command the system to
perform the desired function.

6. Graphic maps or drawings containing inputs, outputs, and override groups
shall include the following:

a. Database to import and store full-color maps or drawings and allow
for input, output, and override group icons to be placed on maps.

b. Maps to provide real-time display animation and allow for control of
points assigned to them.

c. System to allow inputs, outputs, and override groups to be placed on
different maps.

d. Software to allow changing the order or priority in which maps will be
displayed.
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7. Override Groups Containing I/Os:

a. System shall incorporate override groups that provide the operator
with the status and control over user-defined "sets" of I/Os with a
single icon.

b. Icon shall change automatically to show the live summary status of
points in that group.

c. Override group icon shall provide a method to manually control or set
to time-zone points in the group.

d. Override group icon shall allow the expanding of the group to show
icons representing the live status for each point in the group,
individual control over each point, and the ability to compress the
individual icons back into one summary icon.

8. Schedule Overrides of I/Os and Override Groups:

a. To accommodate temporary schedule changes that do not fall within
the holiday parameters, the operator shall have the ability to override
schedules individually for each input, output, or override group.

b. Each schedule shall be composed of a minimum of two dates with
separate times for each date.

c. The first time and date shall be assigned the override state that the
point shall advance to when the time and date become current.

d. The second time and date shall be assigned the state that the point
shall return to when the time and date become current.

9. Copy command in database shall allow for like data to be copied and then
edited for specific requirements, to reduce redundant data entry.

K. Operator Access Control:

1. Control operator access to system controls through three password-
protected operator levels. System operators and managers with
appropriate password clearances shall be able to change operator levels
for operators.

2. Three successive attempts by an operator to execute functions beyond
their defined level during a 24-hour period shall initiate a software tamper
alarm.

3. A minimum of 1024 unique user accounts shall be available with the
system software. System shall display the operator's name or initials in the
console's first field. System shall print the operator's name or initials,
action, date, and time on the system printer at login and logoff.

4. The password shall not be displayed or printed.
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5. Each password shall be definable and assignable for the following:

a. Selected commands to be usable.

b. Access to system software.

c. Access to application software.

d. Individual zones that are to be accessed.

e. Access to database.

L. Operator Commands:

1. Command Input: Plain-language words and acronyms shall allow
operators to use the system without extensive training or data-processing
backgrounds. System prompts shall be a word, a phrase, or an acronym.

2. Command inputs shall be acknowledged and processing shall start in not
less than one second(s).

3. Tasks that are executed by operator's commands shall include the
following:

a. Acknowledge Alarms: Used to acknowledge that the operator has
observed the alarm message.

b. Place Zone in Access: Used to remotely disable intrusion-alarm
circuits emanating from a specific zone. System shall be structured
so that console operator cannot disable tamper circuits.

c. Place Zone in Secure: Used to remotely activate intrusion-alarm
circuits emanating from a specific zone.

d. System Test: Allows the operator to initiate a system-wide
operational test.

e. Zone Test: Allows the operator to initiate an operational test for a
specific zone.

f. Print reports.

g. Change Operator: Used for changing operators.

h. Security Lighting Controls: Allows the operator to remotely turn on or
turn off security lights.

i. Display Graphics: Used to show any graphic displays implemented in
the system. Graphic displays shall be completed within 20 seconds
from time of operator command.

j. Run system tests.

k. Generate and format reports.

l. Request help with the system operation.

1) Include in main menus.
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2) Provide unique, descriptive, context-sensitive help for
selections and functions with the press of one function key.

3) Provide navigation to specific topic from within the first help
window.

4) Help shall be accessible outside the application program.

m. Entry-Control Commands:

1) Lock (secure) or unlock (open) each controlled entry and exit
up to four times a day through time-zone programming.

2) Arm or disarm each monitored input up to four times a day
through time-zone programming.

3) Enable or disable readers or keypads up to two times a day
through time-zone programming.

4) Enable or disable cards or codes up to four times a day per
entry point through access-level programming.

4. Command Input Errors: Show operator input assistance when a command
cannot be executed because of operator input errors. Assistance screen
shall use plain-language words and phrases to explain why the command
cannot be executed. Error responses that require an operator to look up a
code in a manual or other document are not acceptable. Conditions
causing operator assistance messages include the following:

a. Command entered is incorrect or incomplete.

b. Operator is restricted from using that command.

c. Command addresses a point that is disabled or out of service.

d. Command addresses a point that does not exist.

e. Command is outside the system's capacity.

M. Alarms:

1. System Setup:

a. Assign manual and automatic responses to incoming-point status
change or alarms.

b. Automatically respond to input with a link to other inputs, outputs, or
operator-response plans; unique sound with use of WAV files; and
maps or images that graphically represent the point location.

c. Sixty-character message field for each alarm.

d. Operator-response-action messages shall allow message length of
at least 65,000 characters, with database storage capacity of up to
32,000 messages. Setup shall assign messages to access point and
sensors.



ACCESS CONTROL SOFTWARE AND WHCRWA
DATABASE MANAGEMENT CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
ACCESS CONTROL SOFTWARE AND DATABASE MANAGEMENT

28 13 00 - 18 OF 52

e. Secondary messages shall be assignable by the operator for printing
to provide further information and shall be editable by the operator.

f. Allow 25 secondary messages with a field of four lines of 60
characters each.

g. Store the most recent 1000 alarms for recall by the operator using
the report generator.

2. Software Tamper:

a. Annunciate a tamper alarm when unauthorized changes to system
database files are attempted. Three consecutive unsuccessful
attempts to log onto system shall generate a software tamper alarm.

b. Annunciate a software tamper alarm when an operator or other
individual makes three consecutive unsuccessful attempts to invoke
functions beyond the authorization level.

c. Maintain a transcript file of the last 5000 commands entered at each
central station to serve as an audit trail. System shall not allow write
access to system transcript files by any person, regardless of their
authorization level.

d. Allow only acknowledgment of software tamper alarms.

3. Read access to system transcript files shall be reserved for operators with
the highest password authorization level available in system.

4. Animated Response Graphics: Highlight alarms with flashing icons on
graphic maps; display and constantly update the current status of alarm
inputs and outputs in real time through animated icons.

5. Multimedia Alarm Annunciation: WAV files to be associated with alarm
events for audio annunciation or instructions.

6. Alarm Handling: Each input may be configured so that an alarm cannot be
cleared unless it has returned to normal, with options of requiring the
operator to enter a comment about disposition of alarm. Allow operator to
silence alarm sound when alarm is acknowledged.

7. Alarm Automation Interface: High-level interface to central-station alarm
automation software systems. Allows input alarms to be passed to and
handled by automation systems in the same manner as burglar alarms,
using a TIA 232-F ASCII interface.

8. CCTV Alarm Interface: Allow commands to be sent to CCTV systems
during alarms (or input change of state) through serial ports.

9. Camera Control: Provides operator ability to select and control cameras
from graphic maps.

N. Alarm Monitoring: Monitor sensors, controllers, and DTS circuits and notify
operators of an alarm condition. Display higher-priority alarms first and, within
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alarm priorities, display the oldest unacknowledged alarm first. Operator
acknowledgment of one alarm shall not be considered acknowledgment of other
alarms nor shall it inhibit reporting of subsequent alarms.

1. Displayed alarm data shall include type of alarm, location of alarm, and
secondary alarm messages.

2. Printed alarm data shall include type of alarm, location of alarm, date and
time (to nearest second) of occurrence, and operator responses.

3. Maps shall automatically display the alarm condition for each input
assigned to that map if that option is selected for that input location.

4. Alarms initiate a status of "pending" and require the following two handling
steps by operators:

a. First Operator Step: "Acknowledged." This action shall silence
sounds associated with the alarm. The alarm remains in the system
"Acknowledged" but "Un-Resolved."

b. Second Operator Step: Operators enter the resolution or operator
comment, giving the disposition of the alarm event. The alarm shall
then clear.

5. Each workstation shall display the total pending alarms and total
unresolved alarms.

6. Each alarm point shall be programmable to disallow the resolution of
alarms until the alarm point has returned to its normal state.

7. Alarms shall transmit to the central station in real time except for allowing
connection time for dial-up locations.

8. Alarms shall be displayed and managed from a minimum of four different
windows.

a. Input Status Window: Overlay status icon with a large red blinking
icon. Selecting the icon will acknowledge the alarm.

b. History Log Transaction Window: Display name, time, and date in
red text. Selecting red text will acknowledge the alarm.

c. Alarm Log Transaction Window: Display name, time, and date in red.
Selecting red text will acknowledge the alarm.

d. Graphic Map Display: Display a steady colored icon representing
each alarm input location. Change icon to flashing red when the
alarm occurs. Change icon from flashing red to steady red when the
alarm is acknowledged.

9. Once an alarm is acknowledged, the operator shall be prompted to enter
comments about the nature of the alarm and actions taken. Operator's
comments may be manually entered or selected from a programmed
predefined list, or a combination of both.
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10. For locations where there are regular alarm occurrences, provide
programmed comments. Selecting that comment shall clear the alarm.

11. The time and name of the operator who acknowledged and resolved the
alarm shall be recorded in the database.

12. Identical alarms from the same alarm point shall be acknowledged at the
same time the operator acknowledges the first alarm. Identical alarms
shall be resolved when the first alarm is resolved.

13. Alarm functions shall have priority over downloading, retrieving, and
updating database from workstations and controllers.

14. When a reader-controlled output (relay) is opened, the corresponding
alarm point shall be automatically bypassed.

O. Monitor Display: Display text and graphic maps that include zone status
integrated into the display. Colors are used for the various components and
current data. Colors shall be uniform throughout the system.

1. Color Code:

a. FLASHING RED: Alerts operator that a zone has gone into an alarm
or that primary power has failed.

b. STEADY RED: Alerts operator that a zone is in alarm and alarm has
been acknowledged.

c. YELLOW: Advises operator that a zone is in access.

d. GREEN: Indicates that a zone is secure and that power is on.

2. Graphics:

a. Support 32,000 graphic display maps and allow import of maps from
a minimum of 16 standard formats from another drawing or graphics
program.

b. Allow I/O to be placed on graphic maps by the drag-and-drop
method.

c. Operators shall be able to view the inputs, outputs, and the point's
name by moving the mouse cursor over the point on the graphic
map.

d. Inputs or outputs may be placed on multiple graphic maps. The
operator shall be able to toggle to view graphic maps associated with
I/Os.

e. Each graphic map shall have a display-order sequence number
associated with it to provide a predetermined order when toggled to
different views.

f. Camera icons shall have the ability to be placed on graphic maps
that, when selected by an operator, will open a video window, display
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the camera associated with that icon, and provide pan-tilt-zoom
control.

g. Input, output, or camera placed on a map shall allow the ability to
arm or bypass an input, open or secure an output, or control the pan-
tilt-zoom function of the selected camera.

P. System test software enables operators to initiate a test of the entire system or
of a particular portion of the system.

1. Test Report: The results of each test shall be stored for future display or
printout. The report shall document the operational status of system
components.

Q. Report-Generator Software: Include commands to generate reports for
displaying, printing, and storing on disk and tape. Reports shall be stored by
type, date, and time. Report printing shall be the lowest-priority activity. Report-
generation mode shall be operator selectable but set up initially as periodic,
automatic, or on request. Include time and date printed and the name of
operator generating the report. Report formats may be configured by operators.

1. Automatic Printing: Setup shall specify, modify, or inhibit the report to be
generated; the time the initial report is to be generated; the time interval
between reports; the end of the period; and the default printer.

2. Printing on Request: An operator may request a printout of any report.

3. Alarm Reports: Reporting shall be automatic as initially set up. Include
alarms recorded by system over the selected time and information about
the type of alarm (such as door alarm, intrusion alarm, tamper alarm, etc.),
the type of sensor, the location, the time, and the action taken.

4. Access and Secure Reports: Document zones placed in access, the time
placed in access, and the time placed in secure mode.

5. Custom Reports: Reports tailored to exact requirements of who, what,
when, and where. As an option, custom report formats may be stored for
future printing.

6. Automatic History Reports: Named, saved, and scheduled for automatic
generation.

7. Cardholder Reports: Include data, or selected parts of the data, as well as
the ability to be sorted by name, card number, imprinted number, or by
any of the user-defined fields.

8. Cardholder by Reader Reports: Based on who has access to a specific
reader or group of readers by selecting the readers from a list.

9. Cardholder by Access-Level Reports: Display everyone that has been
assigned to the specified access level.
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10. Who Is "In" (Muster) Report:

a. Emergency Muster Report: One-click operation on toolbar launches
report.

b. Cardholder Report. Contain a count of persons who are "In" at a
selected Location and a detailed listing of name, date, and time of
last use, sorted by the last reader used or by the group assignment.

11. Panel Labels Reports: Printout of control-panel field documentation
including the actual location of equipment, programming parameters, and
wiring identification. Maintain system installation data within system
database so that data are available on-site at all times.

12. Activity and Alarm On-Line Printing: Activity printers for use at
workstations; prints all events, or alarms only.

13. History Reports: Custom reports that allow the operator to select any date,
time, event type, device, output, input, operator, Location, name, or
cardholder to be included or excluded from the report.

a. Initially store history on the hard disk of the host workstation.

b. Permit viewing of the history on workstations or print history to any
system printer.

c. The report shall be definable by a range of dates and times with the
ability to have a daily start and stop time over a given date range.

d. Each report shall depict the date, time, event type, event description,
and device; or I/O name, cardholder group assignment, and
cardholder name or code number.

e. Each line of a printed report shall be numbered to ensure that the
integrity of the report has not been compromised.

f. Total number of lines of the report shall be given at the end of the
report. If the report is run for a single event such as "Alarms," the
total shall reflect how many alarms occurred during that period.

14. Reports shall have the following four options:

a. View on screen.

b. Print to system printer. Include automatic print spooling and "Print
To" options if more than one printer is connected to the system.

c. "Save to File" with full path statement.

d. System shall have the ability to produce a report indicating status of
system inputs and outputs or of inputs and outputs that are
abnormal, out of time zone, manually overridden, not reporting, or in
alarm.
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15. Custom Code List Subroutine: Allow the access codes of system to be
sorted and printed according to the following criteria:

a. Active, inactive, or future activate or deactivate.

b. Code number, name, or imprinted card number.

c. Group, Location access levels.

d. Start and stop code range.

e. Codes that have not been used since a selectable number of days.

f. In, out, or either status.

g. Codes with trace designation.

16. The reports of system database shall allow options so that every data field
may be printed.

17. The reports of system database shall be constructed so that the actual
position of the printed data shall closely match the position of the data on
the data-entry windows.

R. Anti-Passback:

1. System shall have global and local anti-passback features, selectable by
Location. System shall support hard and soft anti-passback.

2. Hard Anti-Passback: Once a credential holder is granted access through a
reader with one type of designation (IN or OUT), the credential holder may
not pass through that type of reader designation until the credential holder
passes through a reader of opposite designation.

3. Soft Anti-Passback: Should a violation of the proper IN or OUT sequence
occur, access shall be granted, but a unique alarm shall be transmitted to
the control station, reporting the credential holder and the door involved in
the violation. A separate report may be run on this event.

4. Timed Anti-Passback: A controller capability that prevents an access code
from being used twice at the same device (door) within a user-defined
amount of time.

5. Provide four separate zones per Location that can operate without
requiring interaction with the host workstation (done at controller). Each
reader shall be assignable to one or all four anti-passback zones. In
addition, each anti-passback reader can be further designated as "Hard,"
"Soft," or "Timed" in each of the four anti-passback zones. The four anti-
passback zones shall operate independently.

6. The anti-passback schemes shall be definable for each individual door.

7. The Master Access Level shall override anti-passback.
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8. System shall have the ability to forgive (or reset) an individual credential
holder or the entire credential-holder population anti-passback status to a
neutral status.

S. Visitor Assignment:

1. Provide for and allow an operator to be restricted to only working with
visitors. The visitor badging subsystem shall assign credentials and enroll
visitors. Allow only those access levels that have been designated as
approved for visitors.

2. Provide an automated log of visitor name, time and doors accessed, and
name of person contacted.

3. Allow a visitor designation to be assigned to a credential holder.

4. Security access system shall be able to restrict the access levels that may
be assigned to credentials issued to visitors.

5. Allow operator to recall visitors' credential-holder file once a visitor is
enrolled in the system.

6. The operator may designate any reader as one that deactivates the
credential after use at that reader. The history log shall show the return of
the credential.

7. System shall have the ability to use the visitor designation in searches and
reports. Reports shall be able to print all or any visitor activity.

T. Time and Attendance:

1. Time and attendance reporting shall be provided to match IN and OUT
reads and display cumulative time in for each day and cumulative time in
for length designated in the report.

2. Shall be provided to match IN and OUT reads and display cumulative time
in for each day and cumulative time in for length designated in the report.

3. System software setup shall allow designation of selected access-control
readers as time and attendance hardware to gather the clock-in and clock-
out times of the users at these readers.

a. Reports shall show in and out times for each day, total time in for
each day, and a total time in for period specified by the user.

b. Allow the operator to view and print the reports, or save the reports
to a file.

c. Alphabetically sort reports on the person's last name, by Location or
location group. Include all credential holders or optionally select
individual credential holders for the report.

U. Training Software: Enables operators to practice system operation, including
alarm acknowledgment, alarm assessment, response force deployment, and
response force communications. System shall continue normal operation during
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training exercises and shall terminate exercises when an alarm signal is
received at the console.

V. Entry-Control Enrollment Software: Database management functions that allow
operators to add, delete, and modify access data as needed.

1. The enrollment station shall not have alarm response or acknowledgment
functions.

2. Provide multiple, password-protected access levels. Database
management and modification functions shall require a higher operator
access level than personnel enrollment functions.

3. The program shall provide means to disable the enrollment station when it
is unattended, to prevent unauthorized use.

4. The program shall provide a method to enter personnel identifying
information into the entry-control database files through enrollment
stations. In the case of personnel identity-verification subsystems, this
shall include biometric data. Allow entry of personnel identifying
information into the system database using menu selections and data
fields. The data field names shall be customized during setup to suit user
and site needs. Personnel identity-verification subsystems selected for
use with the system shall fully support the enrollment function and shall be
compatible with the entry-control database files.

5. Cardholder Data: Provide 99 user-defined fields. System shall have the
ability to run searches and reports using any combination of these fields.
Each user-defined field shall be configurable, using any combination of the
following features:

a. MASK: Determines a specific format with which data must comply.

b. REQUIRED: Operator is required to enter data into field before
saving.

c. UNIQUE: Data entered must be unique.

d. DEACTIVATE DATE: Data entered will be evaluated as an additional
deactivate date for all cards assigned to this cardholder.

e. NAME ID: Data entered will be considered a unique ID for the
cardholder.

6. Personnel Search Engine: A report generator with capabilities such as
search by last name, first name, group, or any predetermined user-defined
data field; by codes not used in definable number of days; by skills; or by
seven other methods.

7. Multiple Deactivate Dates for Cards: User-defined fields to be configured
as additional stop dates to deactivate any cards assigned to the
cardholder.

8. Batch card printing.
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9. Default card data can be programmed to speed data entry for sites where
most card data are similar.

10. Enhanced ASCII File Import Utility: Allows the importing of cardholder data
and images.

2.6 SYSTEM DATABASE

A. Database and database management software shall define and modify each
point in database using operator commands. Definition shall include parameters
and constraints associated with each system device.

B. Database Operations:

1. System data management shall be in a hierarchical menu-tree format, with
navigation through expandable menu branches and manipulated with use
of menus and icons in a main menu and system toolbar.

2. Navigational Aids:

a. Toolbar icons for add, delete, copy, print, capture image, activate,
deactivate, and muster report.

b. Point and click feature to facilitate data manipulation.

c. Next and previous command buttons visible when editing database
fields to facilitate navigation from one record to the next.

d. Copy command and copy tool in the toolbar to copy data from one
record to create a new similar record.

3. Data entry shall be automatically checked for duplicate and illegal data
and shall be verified for valid format.

4. System shall generate a memo or note field for each item that is stored in
database, allowing the storing of information about any defining
characteristics of the item. Memo field is used for noting the purpose for
which the item was entered, reasons for changes that were made, and the
like.

C. File Management:

1. File management shall include database backup and restoration system,
allowing selection of storage media, including 3.5-inch floppy disk, Zip and
Jaz drives, and designated network resources.

2. Operations shall be both manual and automatic modes. The number of
automatic sequential backups before the oldest backup will be overwritten;
FIFO mode shall be operator selectable.

3. Backup program shall provide manual operation from any workstation on
the LAN and shall operate while system remains operational.
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D. Operator Passwords:

1. Support up to 32,000 individual system operators, each with a unique
password.

2. One to eight alphanumeric characters] <Insert password characteristic>.

3. Allow passwords to be case sensitive.

4. Passwords shall not be displayed when entered.

5. Passwords shall have unique and customizable password profile, and
allow several operators to share a password profile. Include the following
features in the password profile:

a. Predetermine the highest-level password profile for access to all
functions and areas of program.

b. Allow or disallow operator access to any program operation,
including the functions of View, Add, Edit, and Delete.

c. Restrict doors to which an operator can assign access.

6. Operators shall use a user name and password to log on to system. This
user name and password shall be used to access database areas and
programs as determined by the associated profile.

7. Make provision to allow the operator to log off without fully exiting
program. User may be logged off but program will remain running while
displaying the login window for the next operator.

E. Access Card/Code Operation and Management: Access authorization shall be
by card, by a manually entered code (PIN), or by a combination of both (card
plus PIN).

1. Access authorization shall verify the facility code first, the card or card-
and-PIN validation second, and the access level (time of day, day of week,
date), anti-passback status, and number of uses last.

2. Use data-entry windows to view, edit, and issue access levels. Access-
authorization entry-management system shall maintain and coordinate all
access levels to prevent duplication or the incorrect creation of levels.

3. Allow assignment of multiple cards/codes to a cardholder.

4. Allow assignment of up to four access levels for each Location to a
cardholder. Each access level may contain any combination of doors.

5. Each door may be assigned four time zones.

6. Access codes may be up to 11 digits in length.

7. Software shall allow the grouping of locations so cardholder data can be
shared by all locations in the group.

8. Visitor Access: Issue a visitor badge for data tracking or photo ID
purposes without assigning that person a card or code.
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9. Cardholder Tracing: Allow for selection of cardholder for tracing. Make a
special audible and visible annunciation at control station when a selected
card or code is used at a designated code reader. Annunciation shall
include an automatic display of the cardholder image.

10. Allow each cardholder to be given either an unlimited number of uses or a
number from one to 9999 that regulates the number of times the card can
be used before it is automatically deactivated.

11. Provide for cards and codes to be activated and deactivated manually or
automatically by date. Provide for multiple deactivate dates to be
preprogrammed.

F. Security Access Integration:

1. Photo ID badging and photo verification shall use the same database as
the security access and may query data from cardholder, group, and other
personal information to build a custom ID badge.

2. Automatic or manual image recall and manual access based on photo
verification shall also be a means of access verification and entry.

3. System shall allow sorting of cardholders together by group or other
characteristic for a fast and efficient method of reporting on, and enabling
or disabling, cards or codes.

G. Key control and tracking shall be an integrated function of cardholder data.

1. Provide the ability to store information about which conventional metal
keys are issued and to whom, along with key construction information.

2. Reports shall be designed to list everyone who possesses a specified key.

H. Facility Codes: System shall accommodate up to 2048 facility codes per
Location, with the option of allowing facility codes to work at all doors or only at
particular doors.

I. Operator Comments:

1. With the press of one appropriate button on the toolbar, the user shall be
permitted to enter operator comments into the history at any time.

2. Automatic prompting of operator comment shall occur before the
resolution of each alarm.

3. Operator comments shall be recorded by time, date, and operator number.

4. Comments shall be sorted and viewed through reports and history.

5. The operator may enter comments in two ways; either or both may be
used:

a. Manually entered through keyboard data entry (typed), up to 65,000
characters per each alarm.

b. Predefined and stored in database for retrieval on request.
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6. System shall have a minimum of 999 predefined operator comments with
up to 30 characters per comment.

J. Group:

1. Group names may be used to sort cardholders into groups that allow the
operator to determine the tenant, vendor, contractor, department, division,
or any other designation of a group to which the person belongs.

2. System software shall have the capacity to assign one of 32,000 group
names to an access authorization.

3. Make provision in software to deactivate and reactivate all access
authorizations assigned to a particular group.

4. Allow sorting of history reports and code list printouts by group name.

K. Time Zones:

1. Each zone consists of a start and stop time for seven days of the week
and three holiday schedules. A time zone is assigned to inputs, outputs, or
access levels to determine when an input shall automatically arm or
disarm, when an output automatically opens or secures, or when access
authorization assigned to an access level will be denied or granted.

2. Up to four time zones may be assigned to inputs and outputs to allow up
to four arm or disarm periods per day or four lock or unlock periods per
day; up to three holiday override schedules may be assigned to a time
zone.

3. Data-entry window shall display a dynamically linked bar graph showing
active and inactive times for each day and holiday, as start and stop times
are entered or edited.

4. System shall have the capacity for 2048 time zones for each Location.

L. Holidays:

1. Three different holiday schedules may be assigned to a time zone.
Holiday schedule consists of date in format MM/DD/YYYY and a
description. When the holiday date matches the current date of the time
zone, the holiday schedule replaces the time-zone schedule for that 24-
hour period.

2. System shall have the capacity for 32,000 holidays.

3. Three separate holiday schedules may be applied to a time zone.

4. Holidays have an option to be designated as occurring on the designated
date each year. These holidays remain in the system and will not be
purged.

5. Holidays not designated to occur each year shall be automatically purged
from the database after the date expires.
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M. Access Levels:

1. System shall allow for the creation of up to 32,000 access levels.

2. One level shall be predefined as the Master Access Level. The Master
Access Level shall work at all doors at all times and override any anti-
passback.

3. System shall allow for access to be restricted to any area by reader and
by time. Access levels shall determine when and where an Identifier is
authorized.

4. System shall be able to create multiple door and time-zone combinations
under the same access level so that an Identifier may be valid during
different time periods at different readers even if the readers are on the
same controller.

N. User-Defined Fields:

1. System shall provide a minimum of 99 user-defined fields, each with up to
50 characters, for specific information about each credential holder.

2. System shall accommodate a title for each field; field length shall be 20
characters.

3. A "Required" option may be applied to each user-defined field that, when
selected, forces the operator to enter data in the user-defined field before
the credential can be saved.

4. A "Unique" option may be applied to each user-defined field that, when
selected, will not allow duplicate data from different credential holders to
be entered.

5. Data format option may be assigned to each user-defined field that will
require the data to be entered with certain character types in specific spots
in the field entry window.

6. A user-defined field, if selected, will define the field as a deactivate date.
The selection shall automatically cause the data to be formatted with the
windows MM/DD/YYYY date format. The credential of the holder will be
deactivated on that date.

7. A search function shall allow any one user-defined field or combination of
user-defined fields to be searched to find the appropriate cardholder. The
search function shall include a search for a character string.

8. System shall have the ability to print cardholders based on and organized
by the user-defined fields.

O. Code Tracing:

1. System shall perform code tracing selectable by cardholder and by reader.

2. Any code may be designated as a "traced code" with no limit to how many
codes can be traced.
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3. Any reader may be designated as a "trace reader" with no limit to which or
how many readers can be used for code tracing.

4. When a traced code is used at a trace reader, the access-granted
message that usually appears on the monitor window of the central station
shall be highlighted with a different color than regular messages. A short
singular beep shall occur at the same time the highlighted message is
displayed on the window.

5. The traced cardholder image (if image exists) shall appear on
workstations when used at a trace reader.

2.7 SURGE AND TAMPER PROTECTION

A. Surge Protection: Protect components from voltage surges originating external
to equipment housing and entering through power, communication, signal,
control, or sensing leads. Include surge protection for external wiring of each
conductor-entry connection to components.

1. Minimum Protection for Power Connections 120 V and More: Auxiliary
panel suppressors complying with requirements in Section 26 43 13 "Low
Voltage Surge Protection Devices (SPD)."

2. Minimum Protection for Communication, Signal, Control, and Low-Voltage
Power Connections: Comply with requirements in Section 26 43 13 "Low
Voltage Surge Protection Devices (SPD)" as recommended by
manufacturer for type of line being protected.

B. Tamper Protection: Tamper switches on enclosures, control units, pull boxes,
junction boxes, cabinets, and other system components shall initiate a tamper-
alarm signal when unit is opened or partially disassembled. Control-station
control-unit alarm display shall identify tamper alarms and indicate locations.

2.8 CENTRAL-STATION HARDWARE

A. Central-Station Computer: Standard workstation of modular design.

B. Redundant Central Computer: One identical redundant central computer,
connected in a hot standby, peer configuration. This computer shall
automatically maintain its own copies of system software, application software,
and data files. System transactions and other activities that alter system data
files shall be updated to system files of redundant computer in near real time. If
central computer fails, redundant computer shall assume control immediately
and automatically.

C. Desktop Workstations:

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

1. Dell Inc.
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2. HP
3. Lenovo
4. Performance Requirements:

a. Performance requirements may dictate equipment exceeding
minimum requirements indicated.

b. Capable of running Microsoft Windows.

c. Energy Star compliant.

d. Processor:

1) Minimum Speed: 2.80 gigahertz,

2) Cores: Quad.

3) Series: Core i7.

e. RAM:

1) Capacity: 8 GB.

2) Speed and Type: 1333 MHz, DDR4.

f. Primary Hard Drive:

1) Media: Solid state.

2) Number of Hard Drives: Two.

3) Capacity: 128 GB.

4) Minimum Average Seek Time: 2666MT/s.

5) Cache Buffer Size: 64 MB.

g. Second Hard Drive:

1) Media: Hybrid solid-state and rotating disc.

2) Capacity: 128 GB.

3) Minimum Average Seek Time:  2666MT/s.

4) Cache Buffer Size: 64 MB.

h. Optical Read and Write Drive:

1) Include with at least 2 MB of data buffer.

2) Type: Blue-Ray.

3) Minimum Data Buffer Capacity: 9 ms.

4) Minimum Average Access Time: <Insert number> ms.

5) Nominal Data Transfer Rates:

a) Reading: 8 GB/s.

b) Writing: 8 GB/s.
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6) Average access time of 150 ms or less.

7) MTBF of at least 100,000 power-on hours.

i. Expansion slots: Minimum of 4, 64 bit.

j. Video Card:

1) Capable of supporting four monitors.

2) Resolution: 1920 by 1200 pixels minimum for each monitor.

3) RAM: 4 GB.

4) Controller Speed: 1250 GHz.

5) On-Board Memory Speed: 1750 GHz.

6) On-Board Memory Data Width: 256 bit.

k. Sound Card:

1) At least 128 voice wavetable synthesis.

2) Capable of delivering three-dimensional sound effects.

3) High-resolution 16-bit stereo digital audio recording and
playback with user-selectable sample rates up to 48,000 Hz.

l. Network Interface Card: Include card with connection, as applicable.

1) 10-100-1000 base TX Ethernet with RJ45 connector port.

2) 100 base FX Ethernet with SC or ST port.

m. Wireless Ethernet, 802.11 a/b/g/n.

n. Optical Modem: Full duplex link for connection to optical fiber cable
provided.

o. I/O Ports:

1) Two USB 3.0 ports on front panel, six on back panel, and three
internal on motherboard.

2) One serial port.

3) One parallel port.

4) Two PS/2 ports.

5) One RJ-45.

6) One stereo line-in and line-out on back panel.

7) One microphone and headphone connector on front panel.

8) One IEEE 1394 on front and back panel with workstation I-e
card.

9) One ESATA port on back panel.
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p. Battery: Life of at least three years to maintain system clock/calendar
and ROM, as a minimum.

5. Keyboard:

a. 101 key enhanced keyboard.

b. Full upper- and lowercase ASCII keyset, numeric keypad, dedicated
cursor control keypad, and 12 programmable function keys.

c. Wireless operation within up to 72 inches (1800 mm) in front of
workstation.

6. Pointing Device:

a. Either a two- or three-button mouse.

b. Wireless operation within up to 72 inches (1800 mm) in front of
workstation.

7. Flat Panel Display Monitor:

a. Number of Displays: Two.

b. Display Support: Desk mounted, adjustable bracket capable of
supporting number of monitors specified above with integral power
and display cable organization.

c. Color display with 24” diagonal viewable area.

d. Aspect Ratio: 16 to 9.

e. Resolution: 1920 by 1080 pixels at 60 Hz with pixel size of 0.277 mm
or smaller.

f. Digital input signal.

g. Response Time: 5 ms ms.

h. Dynamic Contrast Ratio: 50000 to 1.

i. Brightness: 250 cd/sq. m.

j. Energy Star compliant.

k. Antiglare display.

8. Speakers:

a. Two, with individual controls for volume, bass and treble.

b. Signal to Noise Ratio: At least 65 dB.

c. Power: At least 4 W per speaker/channel.

d. Magnetic shielding to prevent distortion on the video monitor.

9. I/O Cabling: Include applicable cabling to connect I/O devices.
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10. Software:

a. Factory installed operating system.

B. Servers:

1. Description: x86 based computer used for client-server computing.

2. Manufacturers:  Subject to compliance with requirements, manufacturers offering
products that may be installed include, but are not limited to, the following:

a. Dell Inc.

b. HP
c. Lenovo

3. Mounting: Rack.

4. Power: dual power supply, minimum 300 W.

5. Performance Requirements:

a. Performance requirements may dictate equipment exceeding
minimum requirements indicated.

b. Energy Star compliant.

6. Processor:

a. Minimum Speed: 2.80 gigahertz,

b. Cores: Quad.

c. Series: Core i7.

7. RAM:

a. Capacity: 32 GB.

b. Speed and Type: 1333 MGz, DDR4.

c. Expandable Capacity: 32 GB.

8. Redundant Array of Independent Disks:  Five configuration.

9. Drive Bays: Eight at 2.5 inches (65 mm) or eight at 3.5 inches (90 mm).
Hot swappable.

10. Hard Drives: Solid state.

11. Hard-Drive Storage: Four drives each with 2 TB storage.

12. Network Interface: Dual port Gigabit Ethernet.

13. DVD +RW Drive.

14. Color, flat-screen display with 18” diagonal viewable area.

15. Keyboard and mouse.

16. Next-day on-site warranty for three-year period following Substantial
Completion.



ACCESS CONTROL SOFTWARE AND WHCRWA
DATABASE MANAGEMENT CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
ACCESS CONTROL SOFTWARE AND DATABASE MANAGEMENT

28 13 00 - 36 OF 52

17. Servers shall include the following:

a. Full-feature backup server (server and backup minimum
requirement).

b. Software licenses.

c. Cable installation between server(s) and network.

18. Web Server:

a. If required to be separate, include Web server hardware and
software to match, except backup server is not required.

b. Firewalls between server Web and networks.

c. Password protection for access to server from Web server.

d. Cable installation between the server(s) and building Ethernet
network.

19. Power each server through a dedicated UPS unit.

2.9 FIXED MAP DISPLAY

A. A fixed map display shall show layout of the protected facilities. Zones
corresponding to those monitored by the system shall be highlighted on the
display. Status of each zone shall be displayed using digital displays as
required within each designated zone. A digital display test switch shall be
provided on the map display.

2.10 CONTROLLERS

A. Controllers: Intelligent peripheral control unit, complying with UL 294, that
stores time, date, valid codes, access levels, and similar data downloaded from
the central station or workstation for controlling its operation.

B. Subject to compliance with requirements in this article, manufacturers may use
multipurpose controllers.

C. Battery Backup: Sealed, lead acid; sized to provide run time during a power
outage of 90 minutes, complying with UL 924.

D. Alarm Annunciation Controller:

1. The controller shall automatically restore communication within 10
seconds after an interruption with the field device network, with dc line
supervision on each of its alarm inputs.

a. Inputs: Monitor dry contacts for changes of state that reflect alarm
conditions. Provides at least eight alarm inputs, which are suitable
for wiring as normally open or normally closed contacts for alarm
conditions.

b. Alarm-Line Supervision:
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1) Supervise the alarm lines by monitoring each circuit for
changes or disturbances in the signal, and for conditions as
described in UL 1076 for line security equipment by monitoring
for abnormal open, grounded, or shorted conditions using dc
change measurements. System shall initiate an alarm in
response to an abnormal current, which is a dc change of [5]
[10] percent or more for longer than 500 ms.

2) Transmit alarm-line-supervision alarm to the central station
during the next interrogation cycle after the abnormal current
condition.

c. Outputs: Managed by central-station software.

2. Auxiliary Equipment Power: A GFI service outlet inside the controller
enclosure.

E. Entry-Control Controller:

1. Function: Provide local entry-control functions including one- and two-way
communications with access-control devices such as card readers,
keypads, biometric personnel identity-verification devices, door strikes,
magnetic latches, gate and door operators, and exit push buttons.

a. Operate as a stand-alone portal controller using the downloaded
database during periods of communication loss between the
controller and the field-device network.

b. Accept information generated by the entry-control devices;
automatically process this information to determine valid
identification of the individual present at the portal:

1) On authentication of the credentials or information presented,
check privileges of the identified individual, allowing only those
actions granted as privileges.

2) Privileges shall include, but are not limited to, time of day
control, day of week control, group control, and visitor escort
control.

c. Maintain a date-, time-, and Location-stamped record of each
transaction. A transaction is defined as any successful or
unsuccessful attempt to gain access through a controlled portal by
the presentation of credentials or other identifying information.

2. Inputs:

a. Data from entry-control devices; use this input to change modes
between access and secure.

b. Database downloads and updates from the central station that
include enrollment and privilege information.
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3. Outputs:

a. Indicate success or failure of attempts to use entry-control devices
and make comparisons of presented information with stored
identification information.

b. Grant or deny entry by sending control signals to portal-control
devices.

c. Maintain a date-, time-, and Location-stamped record of each
transaction and transmit transaction records to the central station.

d. Door Prop Alarm: If a portal is held open for longer than 20 seconds,
alarm sounds.

4. With power supplies sufficient to power at voltage and frequency required
for field devices and portal-control devices.

5. Data Line Problems: For periods of loss of communication with the central
station, or when data transmission is degraded and generating continuous
checksum errors, the controller shall continue to control entry by accepting
identifying information, making authentication decisions, checking
privileges, and controlling portal-control devices.

a. Store up to 1000 transactions during periods of communication loss
between the controller and access-control devices for subsequent
upload to the central station on restoration of communication.

6. Controller Power: NFPA 70, Class II power-supply transformer, with 12- or
24-V ac secondary, backup battery and charger.

a. Backup Battery: Premium, valve-regulated, recombinant-sealed,
lead-calcium battery; spill proof; with a full one-year warranty and a
pro rata 9-year warranty. With single-stage, constant-voltage-current,
limited battery charger, comply with battery manufacturer's written
instructions for battery terminal voltage and charging current
recommendations for maximum battery life.

b. Backup Battery: Valve-regulated, recombinant-sealed, lead-acid
battery; spill proof. With single-stage, constant-voltage-current,
limited battery charger, comply with battery manufacturer's written
instructions for battery terminal voltage and charging current
recommendations for maximum battery life.

c. Backup Power-Supply Capacity: Five minutes of battery supply.
Submit battery and charger calculations.

d. Power Monitoring: Provide manual, dynamic battery-load test,
initiated and monitored at the control center; with automatic
disconnection of the controller when battery voltage drops below
controller limits. Report by using local controller-mounted digital
displays and by communicating status to central station. Indicate
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normal power on and battery charger on trickle charge. Indicate and
report the following:

1) Trouble Alarm: Normal power-off load assumed by battery.

2) Trouble Alarm: Low battery.

3) Alarm: Power off.

2.11 ENROLLMENT CENTER

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

1. Applied Wireless Identification
2. Digital Monitoring Products
3. Ultra Electronics

B. Equipment for enrolling personnel into, and removing personnel from, system
database, using a dedicated desktop workstation

1. Include equipment to enroll selected biometric credentials.

C. Enrollment equipment shall support encoding of credential cards including
cryptographic and other internal security checks as required for system.

1. Allow only authorized entry-control enrollment personnel to access the
enrollment equipment using passwords.

2. Include enrollment-subsystem configuration controls and electronic
diagnostic aids for subsystem setup and troubleshooting with the central
station.

3. Enrollment-station records printer shall meet requirements of the report
printer.

D. Entry-Control Enrollment Software:

1. Shall include database management functions for the system, and shall
allow an operator to change and modify the data entered in the system as
needed.

2. Software shall not have alarm response or acknowledgment functions as a
programmable function.

3. Multiple, password-protected access levels shall be provided at the
enrollment station.

4. Database management and modification functions shall require a higher
operator-access level than personnel enrollment functions.

5. Software shall provide a means for disabling the enrollment station when it
is unattended, to prevent unauthorized use.
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6. Software shall provide a method to enter personnel identifying information
into the entry-control database files through enrollment stations to include
a credential unit in use at the installation.

7. In the case of personnel identity-verification subsystems, this data shall
include biometric data.

8. Software shall allow entry of this data into the system database files
through the use of simple menu selections and data fields. The data field
names shall be customized to suit user and site needs.

9. Personnel identity-verification subsystems selected for use with the
system shall fully support the enrollment function and shall be compatible
with the entry-control database files.

E. Accessories:

1. Equipment, with the exception of the printers, shall be rack mounted in the
console and equipment racks.

2. Storage Cabinet: Locking cabinet approximately 72 inches (1830 mm)
high, 36 inches (915 mm) wide, and 24 inches (610 mm) deep, with three
adjustable shelves and two storage racks.

F. System Capacity: Number of badges shall be limited only by hard disk space.
Badge templates and images shall be in color, supporting the maximum color
capability of workstation operating system.

G. Badge Configuration:

1. Software for badge template creation shall include a template consisting of
background and predetermined locations of photographs, text objects and
data fields for text, and bar-code and biometric information. Include
automatic sizing of data fields placed on a badge to compensate for
names, which may otherwise be too large to fit in the area designated.

2. Allow different badge templates to be used for each department, tenant, or
visitor.

3. As a setup option, templates shall be automatically selected for the badge,
based on the group to which the credential holder is assigned. Allow the
operator to override the automatic template selection and use a template
chosen by the operator for creating a badge.

4. Setup shall determine which graphics and credential-holder information
will be displayed and where on the card it will be placed. All data in the
security access system, such as name, code, group, access level, and
any of the 99 user-defined fields, shall be selectable, with the ability to
place them anywhere on the card.

5. System shall include an importing, filing, and recall system of stored
images and shapes that can be placed on the badge.
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6. Allow multiple images on the same badge, including, but not limited to, bar
codes, digital photos, and signatures.

7. Support transparent backgrounds so that image is only surrounded by the
intended background and not by its immediate background.

H. Photo Imaging: Integral to security access.

1. Import images from bitmap file formats, digital cameras, TWAIN cameras,
or scanners. Allow image cropping and editing, WYSIWYG badge-building
application, and badge print-preview and printing capabilities.

2. System shall support multiple images stored for each credential holder,
including signatures, portrait views, and profile views.

I. Text Objects: Badge configuration shall provide for creation of custom text as
an object, allowing font selection, typing, scaling, and formatting of the text
object. Formatting options shall include changing font, font size, text flow, and
text alignment; bending or curving the text object into a circle or semicircle;
applying 3-D effects; and applying predefined effects such as tilt, extrusion, or
beveling. Text shall be placed and optionally automatically centered within any
region of the badge layout.

J. Badges and Credential Cards:

1. Badges are credential cards that do not contain data to be read by card
readers.

2. Credential cards shall store uniquely coded data used by card readers as
an Identifier.

a. Wiegand Wire-Effect Cards: Ferromagnetic wires laminated into the
credential card using binary digits specified for Wiegand readers to
generate a unique credential card identification code.

3. Allow entry-control card to be modified by lamination or direct print
process during the enrollment process for use as a picture and
identification badge without reduction of readability. The design shall allow
for the addition of at least one slot or hole to accommodate the attachment
of a clip for affixing the credential card to the type of badge holder used at
the site.

a. Card Size and Dimensional Stability: Standard size, 2-1/8 by 3-3/8
inches (54 by 86 mm); dimensionally stable so that an undamaged
card with deformations resulting from normal use shall be readable
by the card reader.

b. Card Material: Abrasion resistant, nonflammable, and nontoxic; and
impervious to solar radiation and effects of ultraviolet light.

c. Card Construction: Core and laminate or monolithic construction.
Lettering, logos, and other markings shall be hot stamped into the
credential material or direct printed.
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1) Incorporate holographic images as a security enhancement.

2) Furnish equipment for on-site assembly and lamination of
credential cards.

d. Card Durability and Maintainability: Designed and constructed to
yield a useful lifetime of at least five years or 5000 insertions or
swipes, whichever results in a longer period of time. Allow credential
cards to be cleaned by wiping with a sponge or cloth wetted with
soap and water.

K. Card-Making Equipment: Consisting of a workstation, video camera, video-
imaging equipment, and a printer.

1. Camera: NTSC color standard, RGB video output, 470 lines minimum
horizontal resolution, and automatic white balance with full rated output
under illumination of 0.5 fc (5 lx).

2. Video Imaging: Live-image capture software and hardware and a digital
signature capture pad.

3. Standard workstation, modified as follows:

a. Redundant workstation is not required.

b. Printer is not required.

c. UPS is not required.

d. Sound card is not required.

4. Printer: Dye-sublimation resin thermal transfer, 300 dpi resolution, 16.7
million colors, accepting cards ranging in size from 2.1 by 3 inches to 2.6
by 3.7 inches (53 by 76 mm to 66 by 94 mm) and having card thickness
ranging from 0.020 to 0.060 inch (0.5 to 1.5 mm). Printer shall have
options for encoding magnetic stripe using tracks 1, 2, and 3. Throughput
shall be not less than 60 seconds per card.

2.12 DOOR AND GATE HARDWARE INTERFACE

A. Exit Device with Alarm: Operation of the exit device shall generate an alarm and
annunciate a local alarm. Exit device and alarm contacts are specified in
Section 087000 "Finish Hardware."

B. Exit Alarm: Operation of a monitored door shall generate an alarm. Exit devices
and alarm contacts are specified in Section 087000 "Finish Hardware."

C. Electric Door Strikes: Use end-of-line resistors to provide power-line
supervision. Signal switches shall transmit data to controller to indicate when
the bolt is not engaged and the strike mechanism is unlocked, and they shall
report a forced entry. Power and signal shall be from the controller. Electric
strikes are specified in Section 087000 "Finish Hardware."
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D. Electromagnetic Locks: End-of-line resistors shall provide power-line
supervision. Lock status sensing signal shall positively indicate door is secure.
Power and signal shall be from the controller. Electromagnetic locks are
specified in Section 087000 "Finish Hardware."

E. Vehicle Gate Operator: Interface electrical operation of gate with controls in this
Section. Vehicle gate operators shall be connected, monitored, and controlled
by the security access controllers. Vehicle gate and accessories are specified in
Section 32 31 13.01 "Fences and Gates".

2.13 FIELD-PROCESSING SOFTWARE

A. Operating System:

1. Local processors shall contain an operating system that controls and
schedules that local processor's activities in real time.

2. Local processor shall maintain a point database in its memory that
includes parameters, constraints, and the latest value or status of all
points connected to that local processor.

3. Execution of local processor application programs shall utilize the data in
memory resident files.

4. Operating system shall include a real-time clock function that maintains
the seconds, minutes, hours, date, and month, including day of the week.

5. Local processor real-time clock shall be automatically synchronized with
the central station at least once per day to plus or minus 10 seconds (the
time synchronization shall be accomplished automatically, without
operator action and without requiring system shutdown).

B. Startup Software:

1. Causes automatic commencement of operation without human
intervention, including startup of all connected I/O functions.

2. Local processor restart program based on detection of power failure at the
local processor shall be included in the local processor software.

3. Initiates operation of self-test diagnostic routines.

4. Upon failure of the local processor, if the database and application
software are no longer resident, the local processor shall not restart and
systems shall remain in the failure mode indicated until the necessary
repairs are made.

5. If the database and application programs are resident, the local processor
shall immediately resume operation.
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C. Operating Mode:

1. Local processors shall control and monitor inputs and outputs as
specified, independent of communications with the central station or
designated workstations.

2. Alarms, status changes, and other data shall be transmitted to the central
station or designated workstations when communications circuits are
operable.

3. If communications are not available, each local processor shall function in
a stand-alone mode and operational data, including the status and alarm
data normally transmitted to the central station or designated workstations,
shall be stored for later transmission to the central station or designated
workstations.

4. Storage for the latest 4000 events shall be provided at local processors,
as a minimum.

5. Local processors shall accept software downloaded from the central
station.

6. Panel shall support flash ROM technology to accomplish firmware
downloads from a central location.

D. Failure Mode: Upon failure for any reason, each local processor shall perform
an orderly shutdown and force all local processor outputs to a predetermined
(failure-mode) state, consistent with the failure modes shown and the
associated control device.

E. Functions:

1. Monitoring of inputs.

2. Control of outputs.

3. Reporting of alarms automatically to the central station.

4. Reporting of sensor and output status to central station upon request.

5. Maintenance of real time, automatically updated by the central station at
least once a day.

6. Communication with the central station.

7. Execution of local processor resident programs.

8. Diagnostics.

9. Download and upload data to and from the central station.

2.14 FIELD-PROCESSING HARDWARE

A. Alarm Annunciation Local Processor:

1. Respond to interrogations from the field device network, recognize and
store alarm status inputs until they are transmitted to the central station,
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and change outputs based on commands received from the central
station.

2. Local processor shall also automatically restore communication within 10
seconds after an interruption with the field device network and provide dc
line supervision on each of its alarm inputs.

3. Local processor inputs shall monitor dry contacts for changes of state that
reflect alarm conditions.

4. Local processor shall have at least eight alarm inputs which allow wiring
contacts as normally open or normally closed for alarm conditions; and
shall provide line supervision for each input by monitoring each input for
abnormal open, grounded, or shorted conditions using dc current change
measurements.

5. Local processor shall report line supervision alarms to the central station.

6. Alarms shall be reported for any condition that remains abnormal at an
input for longer than 500 milliseconds.

7. Alarm condition shall be transmitted to the central computer during the
next interrogation cycle.

8. Local processor outputs shall reflect the state of commands issued by the
central station.

9. Outputs shall be a form C contact and shall include normally open and
normally closed contacts.

10. Local processor shall have at least four command outputs.

11. Local processor shall be able to communicate with the central station via
RS-485 or TCP/IP as a minimum.

B. Processor Power Supply:

1. Local processor and sensors shall be powered from an uninterruptible
power source.

2. Uninterruptible power source shall provide eight hours of battery back-up
power in the event of primary power failure and shall automatically fully
recharge the batteries within 12 hours after primary power is restored.

3. If the facility is without an emergency generator, the uninterruptible power
source shall provide 24 hours of battery backup power.

4. There shall be no equipment malfunctions or perturbations or loss of data
during the switch from primary to battery power and vice versa.

5. Batteries shall be sealed, non-outgassing type.

6. Power supply shall be equipped with an indicator for ac input power and
an indicator for dc output power.

7. Loss of primary power shall be reported to the central station as an alarm.
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C. Auxiliary Equipment Power: A GFI service outlet shall be furnished inside the
local processor's enclosure.

D. Entry-Control Local Processor:

1. Entry-control local processor shall respond to interrogations from the field
device network, recognize and store alarm status inputs until they are
transmitted to the central station, and change outputs based on
commands received from the central station.

2. Local processor shall also automatically restore communication within 10
seconds after an interruption with the field device network and provide dc
line supervision on each of its alarm inputs.

3. Entry-control local processor shall provide local entry-control functions
including communicating with field devices such as card readers, keypads,
biometric personnel identity-verification devices, door strikes, magnetic
latches, gate and door operators, and exit push buttons.

4. Processor shall also accept data from entry-control field devices as well as
database downloads and updates from the central station that include
enrollment and privilege information.

5. Processor shall send indications of successful or failed attempts to use
entry-control field devices and shall make comparisons of presented
information with stored identification information.

6. Processor shall grant or deny entry by sending control signals to portal-
control devices and mask intrusion-alarm annunciation from sensors
stimulated by authorized entries.

7. Entry-control local processor shall use inputs from entry-control devices to
change modes between access and secure.

8. Local processor shall maintain a date-time- and location-stamped record
of each transaction and transmit transaction records to the central station.

9. Processor shall operate as a stand-alone portal controller using the
downloaded database during periods of communication loss between the
local processor and the central station.

10. Processor shall store a minimum of 4000 transactions during periods of
communication loss between the local processor and the central station
for subsequent upload to the central station upon restoration of
communication.

11. Local processor inputs shall monitor dry contacts for changes of state that
reflect alarm conditions.

12. Local processor shall have at least eight alarm inputs which allow wiring
contacts as normally open or normally closed for alarm conditions; and
shall also provide line supervision for each input by monitoring each input
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for abnormal open, grounded, or shorted conditions using dc current
change measurements.

13. Local processor shall report line supervision alarms to the central station.

14. Alarms shall be reported for any condition that remains abnormal at an
input for longer than 500 ms.

15. Alarm condition shall be transmitted to the central station during the next
interrogation cycle.

16. Entry-control local processor shall include the necessary software drivers
to communicate with entry-control field devices. Information generated by
the entry-control field devices shall be accepted by the local processor
and automatically processed to determine valid identification of the
individual present at the portal.

17. Upon authentication of the credentials or information presented, the local
processor shall automatically check privileges of the identified individual,
allowing only those actions granted as privileges.

18. Privileges shall include, but are not limited to, time of day control, day of
week control, group control, and visitor escort control. The local processor
shall maintain a date-time- and location-stamped record of each
transaction.

19. Transaction is defined as any successful or unsuccessful attempt to gain
access through a controlled portal by the presentation of credentials or
other identifying information.

20. Local processor outputs shall reflect the state of commands issued by the
central station.

21. Outputs shall be a form C contact and shall include normally open and
normally closed contacts.

22. Local processor shall have at least four addressable outputs.

23. The entry-control local processor shall also provide control outputs to
portal-control devices.

24. Local processor shall be able to communicate with the central station via
RS-485 or TCP/IP as a minimum.

25. The system manufacturer shall provide strategies for downloading
database information for panel configurations and cardholder data to
minimize the required download time when using IP connectivity.

2.15 TIA 232-F ASCII INTERFACE SPECIFICATIONS

A. ASCII interface shall allow TIA 232-F connections to be made between the
control station operating as the host workstation and any equipment that will
accept TIA 232-F ASCII command strings, such as CCTV switches, intercoms,
and paging systems.
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1. Alarm inputs in system shall allow for individual programming to output up
to four unique ASCII character strings through two different COM ports on
the host workstation.

2. Inputs shall have the ability to be defined to transmit a unique ASCII string
for alarm and one for restore through one COM port, and a unique ASCII
string for a nonalarm, abnormal condition and one for a normal condition
through the same or different COM port.

3. Predefined ASCII character strings shall have the ability to be up to 420
characters long with full use of all the ASCII control characters, such as
return or line feed. Character strings shall be defined in the system
database and then assigned to the appropriate inputs.

4. COM ports of the host workstation used to interface with external
equipment shall be defined in the setup portion of the software. COM
port's baud rate, word length, stop bits, and parity shall be definable in the
software to match that of the external equipment.

B. Pager-System Interface: Alarms shall be able to activate a pager system with
customized message for each input alarm.

1. TIA 232-F output shall be capable of connection to a pager interface that
can be used to call a paging system or service and send a signal to a
portable pager. System shall allow an individual alphanumeric message
per alarm input to be sent to the paging system. This interface shall
support both numeric and alphanumeric pagers.

C. Alarm-System Interface:

1. TIA 232-F output shall be capable of transmitting alarms from other
monitoring and alarm systems to central-station automation software.

2. Alternatively, alarms that are received by this access-control system are to
be transferred to the alarm automation system as if they were sent
through a digital alarm receiver.

a. System shall be able to transmit an individual message from any
alarm input to a burglar-alarm automation monitoring system.

b. System shall be able to append to each message a predefined set of
character strings as a prefix and a suffix.

2.16 VIDEO AND CAMERA CONTROL

A. Control station or designated workstation displays live video from a CCTV
source.

1. Control Buttons: On the display window, with separate control buttons to
represent Left, Right, Up, Down, Zoom In, Zoom Out, Scan, and a
minimum of two custom-command auxiliary controls.
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2. Provide at least seven icons to represent different types of cameras, with
ability to import custom icons. Provide option for display of icons on
graphic maps to represent their physical location.

3. Provide the alarm-handling window with a command button that will
display the camera associated with the alarm point.

B. Display mouse-selectable icons representing each camera source, to select
source to be displayed. For CCTV sources that are connected to a video
switcher, control station shall automatically send control commands through a
COM port to display the requested camera when the camera icon is selected.

C. Allow cameras with preset positioning to be defined by displaying a different
icon for each of the presets. Provide control with Next and Previous buttons to
allow operator to cycle quickly through the preset positions.

2.17 TRANSFORMERS

A. NFPA 70, Class II control transformers, NRTL listed. Transformers for security
access-control system shall not be shared with any other system.

2.18 CABLE AND ASSET MANAGEMENT SOFTWARE

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

1. Greenlee Textron Inc.
2. Total Wire Software Company

B. Computer-based cable and asset management system, with fully integrated
database and graphic capabilities, complying with requirements in TIA 606-B.

1. Document physical characteristics by recording the network, asset, user,
TIA details, device configurations, and exact connections between
equipment and cabling.

a. Manage the physical layer of security system.

b. List device configurations.

c. List and display circuit connections.

d. Record firestopping data.

e. Record grounding and bonding connections and test data.

2. Information shall be presented in database view, schematic plans, or
technical drawings.

a. Microsoft Visio Technical Drawing shall be used as drawing and
schematic plans software. Drawing symbols, system layout, and
design shall comply with SIA/IAPSC AG-01.

3. System shall interface with the following testing and recording devices:
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a. Direct-upload tests from circuit testing instrument into the
workstation.

b. Direct-download circuit labeling into labeling printer.

C. Software shall be designed for Microsoft Windows of the same version as
security access system's central station and workstations and shall be installed
on the designated workstation, using a hard drive dedicated only to this
management function.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine pathway elements intended for cables. Check raceways, cable trays,
and other elements for compliance with space allocations, installation
tolerances, hazards to cable installation, and other conditions affecting
installation.

B. Examine roughing-in for LAN and control cable conduit systems to
workstations, controllers, card readers, and other cable-connected devices to
verify actual locations of conduit and back boxes before device installation.

C. Proceed with installation only after unsatisfactory conditions have been
corrected.

3.2 PREPARATION

A. Comply with recommendations in SIA CP-01.

B. Comply with TIA 606-B, "Administration Standard for Commercial
Telecommunications Infrastructure."

C. Product Schedules: Obtain detailed product schedules from manufacturer of
access-control system or develop product schedules to suit Project. Fill in all
data available from Project plans and specifications and publish as Product
Schedules for review and approval.

1. Record setup data for control station and workstations.

2. For each Location, record setup of controller features and access
requirements.

3. Propose start and stop times for time zones and holidays, and match up
access levels for doors.

4. Set up groups, facility codes, linking, and list inputs and outputs for each
controller.

5. Assign action message names and compose messages.

6. Set up alarms. Establish interlocks between alarms, intruder detection,
and video surveillance features.



WHCRWA ACCESS CONTROL SOFTWARE AND

CENTRAL PUMP STATION DATABASE MANAGEMENT

WHCRWA CENTRAL PUMP STATION

ACCESS CONTROL SOFTWARE AND DATABASE MANAGEMENT
28 13 00 - 51 OF 52

7. Prepare and install alarm graphic maps.

8. Develop user-defined fields.

9. Develop screen layout formats.

10. Propose setups for guard tours and key control.

11. Discuss badge layout options; design badges.

12. Complete system diagnostics and operation verification.

13. Prepare a specific plan for system testing, startup, and demonstration.

14. Develop acceptance test concept and, on approval, develop specifics of
the test.

15. Develop cable and asset-management system details; input data from
construction documents. Include system schematics and Visio Technical
Drawings in electronic format Microsoft Windows.

D. In meetings with Architect and Owner, present Product Schedules and review,
adjust, and prepare final setup documents. Use approved, final Product
Schedules to set up system software.

3.3 IDENTIFICATION

A. In addition to requirements in this article, comply with applicable requirements
in Section 270553 "Identification for Communications Systems" and with
TIA 606-B.

B. Using software specified in "Cable and Asset Management Software" Article,
develop cable administration drawings for system identification, testing, and
management. Use unique, alphanumeric designation for each cable, and label
cable and jacks, connectors, and terminals to which it connects with the same
designation. Use logical and systematic designations for facility's architectural
arrangement.

C. Label each terminal strip and screw terminal in each cabinet, rack, or panel.

1. All wiring conductors connected to terminal strips shall be individually
numbered, and each cable or wiring group being extended from a panel or
cabinet to a building-mounted device shall be identified with the name and
number of the particular device as shown.

2. Each wire connected to building-mounted devices is not required to be
numbered at the device if the color of the wire is consistent with the
associated wire connected and numbered within the panel or cabinet.

D. At completion, cable and asset management software shall reflect as-built
conditions.



ACCESS CONTROL SOFTWARE AND WHCRWA
DATABASE MANAGEMENT CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
ACCESS CONTROL SOFTWARE AND DATABASE MANAGEMENT

28 13 00 - 52 OF 52

3.4 SYSTEM SOFTWARE AND HARDWARE

A. Develop, install, and test software and hardware, and perform database tests
for the complete and proper operation of systems involved. Assign software
license to Owner.

3.5 STARTUP SERVICE

A. Engage a factory-authorized service representative to supervise and assist with
startup service.

1. Complete installation and startup checks according to approved
procedures that were developed in "Preparation" Article and with
manufacturer's written instructions.

2. Enroll and prepare badges and access cards for Owner's operators,
management, and security personnel.

3.6 PROTECTION

A. Maintain strict security during the installation of equipment and software.
Rooms housing the control station, and workstations that have been powered
up shall be locked and secured with an activated burglar alarm and access-
control system reporting to a central station complying with UL 1610, "Central-
Station Burglar-Alarm Units," during periods when a qualified operator in the
employ of Contractor is not present.

3.7 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's
maintenance personnel to adjust, operate, and maintain security access
system.

B. Develop separate training modules for the following:

1. Computer system administration personnel to manage and repair the LAN
and databases and to update and maintain software.

2. Operators who prepare and input credentials to man the control station
and workstations and to enroll personnel.

3. Security personnel.

4. Hardware maintenance personnel.

5. Corporate management.

END OF SECTION
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SECTION 28 15 00

ACCESS CONTROL HARDWARE DEVICES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to this
Section.

1.2 SUMMARY

A. Section Includes:

1. Card readers, credential cards, and keypads

2. Biometric identity-verification equipment

3. Cables

4. Transformers

B. Related Requirements:

1. Section 281300 "Access Control System Software and Database
Management" for control and monitoring applications, workstations, and
interfaces.

1.3 DEFINITIONS

A. Credential: Data assigned to an entity and used to identify that entity.

B. DTS: Digital Termination Service. A microwave-based, line-of-sight
communication provided directly to the end user.

C. Identifier: A credential card; keypad personal identification number; or code,
biometric characteristic, or other unique identification entered as data into the
entry-control database for the purpose of identifying an individual. Where this
term is presented with an initial capital letter, this definition applies.

D. Location: A Location on the network having a PC-to-controller communications
link, with additional controllers at the Location connected to the PC-to-controller
link with a TIA 485-A communications loop. Where this term is presented with
an initial capital letter, this definition applies.

E. PC: Personal computer. Applies to the central station, workstations, and file
servers.

F. RAS: Remote access services.

G. RF: Radio frequency.
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H. ROM: Read-only memory. ROM data are maintained through losses of power.

I. TCP/IP: Transport control protocol/Internet protocol.

J. TWAIN: Technology without an Interesting Name. A programming interface that
lets a graphics application, such as an image editing program or desktop
publishing program, activate a scanner, frame grabber, or other image-
capturing device.

K. WMP: Windows media player.

L. Wiegand: Patented magnetic principle that uses specially treated wires
embedded in the credential card.

M. WYSIWYG: What You See Is What You Get. Text and graphics appear on the
screen the same as they will in print.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of product indicated. Include rated capacities,
operating characteristics, and furnished specialties and accessories. Reference
each product to a location on Drawings. Test and evaluation data presented in
Product Data shall comply with SIA BIO-01.

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to
other work.

1. Diagrams for cable management system.

2. System labeling schedules, including electronic copy of labeling schedules
that are part of the cable and asset identification system of the software
specified in Parts 2 and 3.

3. Wiring Diagrams. For power, signal, and control wiring. Show typical
wiring schematics including the following:

a. Workstation outlets, jacks, and jack assemblies.

b. Patch cords.

c. Patch panels.

4. Cable Administration Drawings: As specified in "Identification" Article.

5. Battery and charger calculations for central station, workstations, and
controllers.

C. Product Schedules.

D. Samples: For workstation outlets, jacks, jack assemblies, and faceplates. For
each exposed product and for each color and texture specified.

1.5 INFORMATIONAL SUBMITTALS

A. Field quality-control reports.
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1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For security system to include in emergency,
operation, and maintenance manuals. In addition to items specified in
Section 017823 "Operation and Maintenance Data," include the following:

1. Hard copies of manufacturer's specification sheets, operating
specifications, design guides, user's guides for software and hardware,
and PDF files on cloud media of the hard-copy submittal.

2. System installation and setup guides with data forms to plan and record
options and setup decisions.

1.7 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged
with protective covering for storage and identified with labels describing
contents.

1. Credential card blanks, ready for printing. Include enough credential cards
for all personnel to be enrolled at the site plus an extra 50 percent for
future use.

2. Fuses of all kinds, power and electronic, equal to 10 percent of amount
installed for each size used, but no fewer than three units.

1.8 QUALITY ASSURANCE

A. Installer Qualifications: An employer of workers trained and approved by
manufacturer.

1. Cable installer must have on staff an RCDD certified by Building Industry
Consulting Service International.

B. Source Limitations: Obtain central station, workstations, controllers, Identifier
readers, and all software through one source from single manufacturer.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Store in temperature- and humidity-controlled environment in original
manufacturer's sealed containers. Maintain ambient temperature between 50
and 85 deg F (10 and 30 deg C), and not more than 80 percent relative
humidity, noncondensing.

B. Open each container; verify contents against packing list; and file copy of
packing list, complete with container identification, for inclusion in operation and
maintenance data.

C. Mark packing list with the same designations assigned to materials and
equipment for recording in the system labeling schedules that are generated by
software specified in "Cable and Asset Management Software" Article.

D. Save original manufacturer's containers and packing materials and deliver as
directed under provisions covering extra materials.
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1.10 PROJECT CONDITIONS

A. Environmental Conditions: System shall be capable of withstanding the
following environmental conditions without mechanical or electrical damage or
degradation of operating capability:

1. Control Station: Rated for continuous operation in ambient conditions of
60 to 85 deg F (16 to 30 deg C) and a relative humidity of 20 to 80
percent, noncondensing.

2. Indoor, Controlled Environment: NEMA 250, Type 1 enclosure. System
components, except the central-station control unit, installed in air-
conditioned indoor environments shall be rated for continuous operation in
ambient conditions of 36 to 122 deg F (2 to 50 deg C) dry bulb and 20 to
90 percent relative humidity, noncondensing.

3. Indoor, Uncontrolled Environment: NEMA 250, Type 12K enclosures.
System components installed in non-air-conditioned indoor environments
shall be rated for continuous operation in ambient conditions of 0 to 122
deg F (minus 18 to plus 50 deg C) dry bulb and 20 to 90 percent relative
humidity, noncondensing.

4. Outdoor Environment: NEMA 250, NEMA 250, Type 4X enclosures.
System components installed in locations exposed to weather shall be
rated for continuous operation in ambient conditions of minus 30 to plus
122 deg F (minus 34 to plus 50 deg C) dry bulb and 20 to 90 percent
relative humidity, condensing. Rate for continuous operation where
exposed to rain as specified in NEMA 250, winds up to 85 mph (137
km/h).

5. Hazardous Environment: System components located in areas where fire
or explosion hazards may exist because of flammable gases or vapors,
flammable liquids, combustible dust, or ignitable fibers shall be rated,
listed, and installed according to NFPA 70.

6. Corrosive Environment: For system components subjected to corrosive
fumes, vapors, and wind-driven salt spray in coastal zones, provide
NEMA 250, Type 4X enclosures.

PART 2 - PRODUCTS

2.1 OPERATION

A. Security access system hardware shall use a single database for access-
control and credential-creation functions.
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2.2 PERFORMANCE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended
location and application.

B. Comply with NFPA 70, "National Electrical Code."

C. Comply with SIA DC-01 and SIA DC-03.

2.3 CARD READERS, CREDENTIAL CARDS, AND KEYPADS

A. Manufacturers:

1. ABB Electrification Products

2. Bosch Security Systems

3. Honeywell

4. Schneider Electric USA

B. Card-Reader Power: Powered from its associated controller, including its
standby power source, and shall not dissipate more than 5 W.

C. Response Time: Card reader shall respond to passage requests by generating
a signal that is sent to the controller. Response time shall be 800 ms or less,
from the time the card reader finishes reading the credential card until a
response signal is generated.

D. Enclosure: Suitable for surface, semi-flush, pedestal, or weatherproof mounting.
Mounting types shall additionally be suitable for installation in the following
locations:

1. Indoors, controlled environment.

2. Indoors, uncontrolled environment.

3. Outdoors, with built-in heaters or other cold-weather equipment to extend
the operating temperature range as needed for operation at the site.

E. Display: Digital visual indicator shall provide visible and audible status
indications and user prompts. Indicate power on or off, whether user passage
requests have been accepted or rejected, and whether the door is locked or
unlocked.

F. Stripe Swipe Readers: Bidirectional, reading cards swiped in both directions,
powered by the controller. Reader shall be set up for ABA Track.

1. ABA Track: Magnetic stripe that is encoded on track 2, at 75-bpi density in
binary-coded decimal format; for example, 5-bit, 16-character set.

2. Readers for outdoors shall be in a polymeric plastic enclosure with all
electronics potted in plastic. Rated for operation in ambient conditions of
minus 40 to plus 160 deg F (minus 40 to plus 70 deg C) in a humidity
range of 10 to 90 percent.
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G. Wiegand Swipe Reader: Set up for 33-bit data cards. Comply with SIA AC-01.

H. Wiegand Key-Insert Reader: Set up for 33-bit data cards.

I. Bar-Code Reader: Set up for Code 128.

J. Insert Readers: Requiring the card to be inserted from the side, powered by the
controller.

K. Touch-Plate and Proximity Readers:

1. Passive-detection proximity card readers shall use a swept-frequency, RF
field generator to read the resonant frequencies of tuned circuits laminated
into compatible credential cards. The resonant frequencies read shall
constitute a unique identification code number.

2. The card reader shall read proximity cards in a range from direct contact
to at least 6 inches (150 mm) from the reader.

L. Keypads:

1. Entry-control keypads shall use a unique combination of alphanumeric
and other symbols as an Identifier.

2. Keypads shall contain an integral alphanumeric/special symbols keyboard
with symbols arranged in ascending ASCII-code ordinal sequence.

3. Communication protocol shall be compatible with the local processor.

M. Keypad Display:

1. Keypads shall include a digital visual indicator and shall provide visible
and audible status indications and user prompts.

2. Display shall indicate power on or off and whether user passage requests
have been accepted or rejected.

3. Design of the keypad display or keypad enclosure shall limit viewing
angles of the keypad as follows:

a. Maximum Horizontal Viewing Angle: Plus or minus 5 degrees or less
off a vertical plane perpendicular to the plane of the face of the
keypad display.

b. Maximum Vertical Viewing Angle: Plus or minus 15 degrees or less
off a horizontal plane perpendicular to the plane of the face of the
keypad display.

N. Keypad Response Time:

1. The keypad shall respond to passage requests by generating a signal to
the local processor. The response time shall be 800 ms or less from the
time the last alphanumeric symbol is entered until a response signal is
generated.

O. Keypad Power:
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1. The keypad shall be powered from the source as shown and shall not
dissipate more than 150 W.

P. Keypad Mounting Method:

1. Keypads shall be suitable for surface, semi-flush, pedestal, or
weatherproof mounting as required.

Q. Keypad Duress Codes:

1. Keypads shall provide a means for users to indicate a duress situation by
entering a special code.

R. Keypad and Wiegand-Swipe-Reader Combination: Designed to require an entry
on the keypad before presenting the credential card.

1. Keypad: Allow the entry of four alphanumeric characters that are
associated with a specific credential. Keypads shall contain an integral
alphanumeric/special symbol keyboard with symbols arranged in
ascending ASCII-code ordinal sequence. Keypad display or enclosure
shall limit viewing angles of the keypad as follows:

a. Maximum Horizontal Viewing Angle: Plus or minus 5 degrees or less
off a vertical plane perpendicular to the plane of the face of the
keypad display.

b. Maximum Vertical Viewing Angle: Plus or minus 15 degrees or less
off a horizontal plane perpendicular to the plane of the face of the
keypad display.

2. Wiegand Swipe Reader: Set up for 33-bit data cards to generate a unique
card identification code. Comply with SIA AC-01.

S. Communication Protocol: Compatible with local processor.

T. Touch-Plate and Contactless Card Reader: The reader shall have "flash"
download capability to accommodate card format changes. The card reader
shall have capability of transmitting data to security control panel and shall
comply with ISO/IEC 7816.

U. Credential Card Modification: Entry-control cards shall be able to be modified by
lamination direct print process during the enrollment process without reduction
of readability. The design of the credential cards shall allow for the addition of at
least one slot or hole to accommodate the attachment of a clip for affixing the
credential card to the badge holder used at the site.

V. Card Size and Dimensional Stability: Credential cards shall be 2-1/8 by 3-3/8
inches (54 by 86 mm). The credential card material shall be dimensionally
stable so that an undamaged card with deformations resulting from normal use
shall be readable by the card reader.

W. Card Material: Abrasion resistant, nonflammable, nontoxic, and impervious to
solar radiation and effects of ultraviolet light.



ACCESS CONTROL HARDWARE WHCRWA
DEVICES CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
ACCESS CONTROL HARDWARE DEVICES

28 15 00 - 8 OF 16

X. Card Construction:

1. Core and laminate or monolithic construction.

2. Lettering, logos, and other markings shall be hot stamped into the
credential material or direct printed.

3. Incorporate holographic images as a security enhancement.

4. Furnish equipment for on-site assembly and lamination of credential
cards.

Y. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed include, but are not limited to, the
following:

1. Autostar Technology Pte
2. BioMet Partners Inc.
3. Control Module Inc.

2.4 PUSH-BUTTON SWITCHES

A. Manufacturers:

1. Securitron Magnalock Corp

B. Push-Button Switches: Momentary-contact back-lighted push buttons with
stainless steel switch enclosures.

C. Electrical Ratings:

1. Minimum continuous current rating of 10 A at 120-V ac or 5 A at 240-V ac.

2. Contacts that will make 720 VA at 60 A and that will break at 720 VA at
10 A.

D. Enclosures: Flush or surface mounting. Push buttons shall be suitable for flush
mounting in the switch enclosures.

E. Enclosures shall additionally be suitable for installation in the following
locations:

1. Indoors, controlled environment.

2. Indoors, uncontrolled environment.

3. Outdoors.

F. Power: Push-button switches shall be powered from their associated controller,
using dc control.

2.5 CABLES

A. General Cable Requirements: Comply with requirements in Section 26 05 19
"Wire and Cable: 600 Volt and Below" and as recommended by system
manufacturer for integration requirement.

B. PVC-Jacketed, TIA 232-F.
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1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors.

2. Polypropylene insulation.

3. Aluminum foil-polyester tape shield with 100 percent shield coverage.

4. PVC jacket.

5. Conductors are cabled on common axis with No. 24 AWG, stranded
(7x32) tinned copper drain wire.

6. Flame Resistance: Comply with UL 1581.

C. Plenum-Rated TIA 232-F Cables:

1. Nine, No. 22 AWG, stranded (7x30) tinned copper conductors.

2. PE insulation.

3. Aluminum foil-polyester tape shield with 100 percent shield coverage.

4. Fluorinated ethylene propylene jacket.

5. Conductors are cabled on common axis with No. 24 AWG, stranded
(7x32) tinned copper drain wire.

6. Flame Resistance: Comply with NFPA 262.

D. PVC-Jacketed, TIA 485-A Cables:

1. Paired, two pairs, twisted, No. 22 AWG, stranded (7x30) tinned copper
conductors.

2. PVC insulation.

3. Unshielded.

4. PVC jacket.

5. NFPA 70 Type: Type CM or Type CMG.

6. Flame Resistance: Comply with UL 1581.

E. Plenum-Rated TIA 485-A Cables:

1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned copper conductors.

2. Fluorinated ethylene propylene insulation.

3. Unshielded.

4. Fluorinated ethylene propylene jacket.

5. NFPA 70 Type: Type CMP

6. Flame Resistance: NFPA 262, Flame Test.

F. Multiconductor, PVC, Reader and Wiegand Keypad Cables:

1. No. 22 AWG, paired and twisted multiple conductors, stranded (7x30)
tinned copper conductors, semirigid PVC insulation, overall aluminum-
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foil/polyester-tape shield with 100 percent shield coverage, plus tinned
copper braid shield with 65 percent shield coverage, and PVC jacket.

2. NFPA 70, Type CMG.

3. Flame Resistance: UL 1581 vertical tray.

4. For TIA 232-F applications.

G. Paired, PVC, Reader and Wiegand Keypad Cables:

1. Three pairs, twisted, No. 22 AWG, stranded (7x30) tinned copper
conductors, polypropylene insulation, individual aluminum-foil/polyester-
tape shielded pairs each with No. 22 AWG, stranded tinned copper drain
wire, 100 percent shield coverage, and PVC jacket.

2. NFPA 70, Type CM.

3. Flame Resistance: UL 1581 vertical tray.

H. Paired, PVC, Reader and Wiegand Keypad Cables:

1. Three pairs, twisted, No. 20 AWG, stranded (7x28) tinned copper
conductors, polyethylene (polyolefin) insulation, individual aluminum-
foil/polyester-tape shielded pairs each with No. 22 AWG, stranded (19x34)
tinned copper drain wire, 100 percent shield coverage, and PVC jacket.

2. NFPA 70, Type CM.

3. Flame Resistance: UL 1581 vertical tray.

I. Paired, Plenum-Type, Reader and Wiegand Keypad Cables:

1. Three pairs, No. 22 AWG, stranded (7x30) tinned copper conductors,
plastic insulation, individual aluminum-foil/polypropylene-tape shielded
pairs each with No. 22 AWG, stranded tinned copper drain wire, 100
percent shield coverage, and fluorinated-ethylene-propylene jacket.

2. NFPA 70, Type CMP.

3. Flame Resistance: NFPA 262 flame test.

J. Multiconductor, Plenum-Type, Reader and Wiegand Keypad Cables:

1. Six conductors, No. 20 AWG, stranded (7x28) tinned copper conductors,
fluorinated-ethylene-propylene insulation, overall aluminum-foil/polyester-
tape shield with 100 percent shield coverage plus tinned copper braid
shield with 85 percent shield coverage, and fluorinated-ethylene-propylene
jacket.

2. NFPA 70, Type CMP.

3. Flame Resistance: NFPA 262 flame test.

K. LAN Cabling:

1. Comply with requirements in Section 271500 "Communications Horizontal
Cabling."
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2.6 TRANSFORMERS

A. NFPA 70, Class II control transformers, NRTL listed. Transformers for security
access-control system shall not be shared with any other system.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine pathway elements intended for cables. Check raceways, cable trays,
and other elements for compliance with space allocations, installation
tolerances, hazards to cable installation, and other conditions affecting
installation.

B. Examine roughing-in for LAN and control cable conduit systems to PCs,
controllers, card readers, and other cable-connected devices to verify actual
locations of conduit and back boxes before device installation.

C. Proceed with installation only after unsatisfactory conditions have been
corrected.

3.2 PREPARATION

A. Comply with recommendations in SIA CP-01.

B. Comply with TIA 606-B, "Administration Standard for Commercial
Telecommunications Infrastructure."

C. Product Schedules: Obtain detailed product schedules from manufacturer of
access-control system or develop product schedules to suit Project. Fill in all
data available from Project plans and specifications and publish as Product
Schedules for review and approval.

D. In meetings with Architect and Owner, present Product Schedules and review,
adjust, and prepare final setup documents. Use approved, final Product
Schedules to set up system software.

3.3 CABLING

A. Comply with NECA 1, "Good Workmanship in Electrical Construction."

B. Install cables and wiring according to requirements in Section 26 05 19 "Wire
and Cable: 600 Volt and Below."

C. Install LAN cables using techniques, practices, and methods that are consistent
with Category 5e rating of components and optical fiber rating of components,
and that ensure Category 6 and optical fiber performance of completed and
linked signal paths, end to end.

D. Boxes and enclosures containing security-system components or cabling, and
which are easily accessible to employees or to the public, shall be provided with
a lock. Boxes above ceiling level in occupied areas of the building shall not be
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considered accessible. Junction boxes and small device enclosures below
ceiling level and easily accessible to employees or the public shall be covered
with a suitable cover plate and secured with tamperproof screws.

E. Install end-of-line resistors at the field device location and not at the controller
or panel location.

3.4 CABLE APPLICATION

A. Comply with TIA 569-D, "Commercial Building Standard for
Telecommunications Pathways and Spaces."

B. Cable application requirements are minimum requirements and shall be
exceeded if recommended or required by manufacturer of system hardware.

C. TIA 232-F Cabling: Install at a maximum distance of 50 ft. (15 m) between
terminations.

D. TIA 485-A Cabling: Install at a maximum distance of 4000 ft. (1220 m) between
terminations.

E. Card Readers and Keypads:

1. Install number of conductor pairs recommended by manufacturer for the
functions specified.

2. Unless manufacturer recommends larger conductors, install No. 22 AWG
wire if maximum distance from controller to the reader is 250 ft. (75 m),
and install No. 20 AWG wire if maximum distance is 500 ft. (150 m).

3. For greater distances, install "extender" or "repeater" modules
recommended by manufacturer of the controller.

4. Install minimum No. 18 AWG shielded cable to readers and keypads that
draw 50 mA or more.

F. Install minimum No. 16 AWG cable from controller to electrically powered locks.
Do not exceed 250 ft. (75 m) between terminations.

G. Install minimum No. 18 AWG ac power wire from transformer to controller, with
a maximum distance of 25 ft. (8 m) between terminations.

3.5 GROUNDING

A. Comply with Section 270526 "Grounding and Bonding for Communications
Systems."

B. Comply with IEEE 1100, "Recommended Practice for Power and Grounding
Electronic Equipment."

C. Ground cable shields, drain conductors, and equipment to eliminate shock
hazard and to minimize ground loops, common-mode returns, noise pickup,
cross talk, and other impairments.

D. Bond shields and drain conductors to ground at only one point in each circuit.
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E. Signal Ground:

1. Terminal: Locate in each equipment room and wiring closet; isolate from
power system and equipment grounding.

2. Bus: Mount on wall of main equipment room with standoff insulators.

3. Backbone Cable: Extend from signal ground bus to signal ground terminal
in each equipment room and wiring closet.

3.6 INSTALLATION

A. Install card readers, keypads, push buttons, and biometric readers.

3.7 IDENTIFICATION

A. In addition to requirements in this article, comply with applicable requirements
in Section 270553 "Identification for Communications Systems" and with
TIA 606-B.

B. Using software specified in "Cable and Asset Management Software" Article,
develop cable administration drawings for system identification, testing, and
management. Use unique, alphanumeric designation for each cable, and label
cable and jacks, connectors, and terminals to which it connects with the same
designation. Use logical and systematic designations for facility's architectural
arrangement.

C. Label each terminal strip and screw terminal in each cabinet, rack, or panel.

1. All wiring conductors connected to terminal strips shall be individually
numbered, and each cable or wiring group being extended from a panel or
cabinet to a building-mounted device shall be identified with the name and
number of the particular device as shown.

2. Each wire connected to building-mounted devices is not required to be
numbered at the device if the color of the wire is consistent with the
associated wire connected and numbered within the panel or cabinet.

D. At completion, cable and asset management software shall reflect as-built
conditions.

3.8 SYSTEM SOFTWARE AND HARDWARE

A. Develop, install, and test software and hardware, and perform database tests
for the complete and proper operation of systems involved. Assign software
license to Owner.

3.9 FIELD QUALITY CONTROL

A. Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service
representative to inspect components, assemblies, and equipment
installations, including connections, and to assist in testing.
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B. Tests and Inspections:

1. LAN Cable Procedures: Inspect for physical damage and test each
conductor signal path for continuity and shorts. Use tester approved for
type and kind of installed cable. Test for faulty connectors, splices, and
terminations. Test according to TIA 568-C.1, "Commercial Building
Telecommunications Cabling Standards - Part 1: General Requirements."
Link performance for balanced twisted-pair cables must comply with
minimum criteria in TIA 568-C.1.

2. Test each circuit and component of each system. Tests shall include, but
are not limited to, measurements of power-supply output under maximum
load, signal loop resistance, and leakage to ground where applicable.
System components with battery backup shall be operated on battery
power for a period of not less than 10 percent of the calculated battery
operating time. Provide special equipment and software if testing requires
special or dedicated equipment.

3. Operational Test: After installation of cables and connectors, demonstrate
product capability and compliance with requirements. Test each signal
path for end-to-end performance from each end of all pairs installed.
Remove temporary connections when tests have been satisfactorily
completed.

C. Devices and circuits will be considered defective if they do not pass tests and
inspections.

D. Prepare test and inspection reports.

3.10 STARTUP SERVICE

A. Engage a factory-authorized service representative to supervise and assist with
startup service.

1. Complete installation and startup checks according to approved
procedures that were developed in "Preparation" Article and with
manufacturer's written instructions.

2. Enroll and prepare badges and access cards for Owner's operators,
management, and security personnel.

3.11 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's
maintenance personnel to adjust, operate, and maintain security access
system.

B. Develop separate training modules for the following:

1. Computer system administration personnel to manage and repair the LAN
and databases and to update and maintain software.
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2. Operators who prepare and input credentials to man the control station
and workstations and to enroll personnel.

3. Security personnel.

4. Hardware maintenance personnel.

5. Corporate management.

END OF SECTION
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SECTION 28 20 00

VIDEO SURVEILLANCE

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to
this Section.

1.2 SUMMARY

A. Section includes a video surveillance system consisting of cameras, digital
video recorder, data transmission wiring, and a control station with its
associated equipment.

B. Related Requirements:

1. Section 281300 "Access Control System Software and Database

Management" to integrate access control system interface and control.

1.3 DEFINITIONS

A. AGC: Automatic gain control.

B. BNC: Bayonet Neill-Concelman - type of connector.

C. B/W: Black and white.

D. CCD: Charge-coupled device.

E. FTP: File transfer protocol.

F. IP: Internet protocol.

G. LAN: Local area network.

H. MPEG: Moving picture experts group.

I. NTSC: National Television System Committee.

J. PC: Personal computer.

K. PTZ: Pan-tilt-zoom.
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L. RAID: Redundant array of independent disks.

M. TCP: Transmission control protocol - connects hosts on the Internet.

N. UPS: Uninterruptible power supply.

O. WAN: Wide area network.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of product indicated. Include dimensions and

data on features, performance, electrical characteristics, ratings, and finishes.

B. Shop Drawings: For video surveillance. Include plans, elevations, sections,

details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads,

required clearances, method of field assembly, components, and location

and size of each field connection.

2. Functional Block Diagram: Show single-line interconnections between

components for signal transmission and control. Show cable types and

sizes.

3. Dimensioned plan and elevations of equipment racks, control panels, and

consoles. Show access and workspace requirements.

4. UPS: Sizing calculations.

5. Wiring Diagrams: For power, signal, and control wiring.

C. Design Data: Include an equipment list consisting of every piece of equipment
by model number, manufacturer, serial number, location, and date of original
installation. Add pretesting record of each piece of equipment, listing name of
person testing, date of test, set points of adjustments, name and description
of the view of preset positions, description of alarms, and description of unit
output responses to an alarm.

1.5 INFORMATIONAL SUBMITTALS

A. Field quality-control reports.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For cameras, power supplies, infrared
illuminators, monitors, videotape recorders, digital video recorders, video
switches, and control-station components to include in emergency, operation,
and maintenance manuals. In addition to items specified in Section 017823
"Operation and Maintenance Data," include the following:
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1. Lists of spare parts and replacement components recommended to be

stored at the site for ready access.

1.7 PROJECT CONDITIONS

A. Environmental Conditions: Capable of withstanding the following
environmental conditions without mechanical or electrical damage or
degradation of operating capability:

1. Control Station: Rated for continuous operation in ambient temperatures

of 60 to 85 deg F (16 to 29 deg C) and a relative humidity of 20 to 80

percent, noncondensing.

2. Interior, Controlled Environment: System components, except central-

station control unit, installed in temperature-controlled interior

environments shall be rated for continuous operation in ambient

temperatures of 36 to 122 deg F (2 to 50 deg C)  dry bulb and 20 to 90

percent relative humidity, noncondensing. Use NEMA 250, Type 1

enclosures.

3. Interior, Uncontrolled Environment: System components installed in non-

temperature-controlled interior environments shall be rated for continuous

operation in ambient temperatures of 0 to 122 deg F (minus 18 to plus 50

deg C) dry bulb and 20 to 90 percent relative humidity, noncondensing.

Use NEMA 250, Type 12 enclosures.

4. Exterior Environment: System components installed in locations exposed

to weather shall be rated for continuous operation in ambient

temperatures of minus 30 to plus 122 deg F (minus 34 to plus 50 deg C)

dry bulb and 20 to 90 percent relative humidity, condensing. Rate for

continuous operation when exposed to rain as specified in NEMA 250,

winds up to 85 mph (137 km/h). Use NEMA 250, Type 4X enclosures.

5. Corrosive Environment: System components subject to corrosive fumes,

vapors, and wind-driven salt spray in coastal zones. Use NEMA 250,

Type 6P enclosures.

6. Security Environment: Camera housing for use in high-risk areas where

surveillance equipment may be subject to physical violence.

1.8 WARRANTY

A. Special Warranty: Manufacturer's standard form in which manufacturer
agrees to repair or replace components of cameras, equipment related to
camera operation, and control-station equipment that fail in materials or
workmanship within specified warranty period.

1. Warranty Period: Three years from date of Substantial Completion.
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PART 2 - PRODUCTS

2.1 SYSTEM REQUIREMENTS

A. Video-signal format shall comply with NTSC standard, composite interlaced
video. Composite video-signal termination shall be 75 ohms.

B. Surge Protection: Protect components from voltage surges originating
external to equipment housing and entering through power, communication,
signal, control, or sensing leads. Include surge protection for external wiring
of each conductor's entry connection to components.

1. Minimum Protection for Power Connections 120 V and More: Auxiliary

panel suppressors complying with requirements in Section 26 43 13 "Low

Voltage Surge Protection Devices (SPD)."

2. Minimum Protection for Communication, Signal, Control, and Low-Voltage

Power Connections: Comply with requirements in Section 26 43 13 "Low

Voltage Surge Protection Devices (SPD)" as recommended by

manufacturer for type of line being protected.

C. Tamper Protection: Tamper switches on enclosures, control units, pull boxes,
junction boxes, cabinets, and other system components shall initiate a
tamper-alarm signal when unit is opened or partially disassembled. Control-
station, control-unit alarm display shall identify tamper alarms and indicate
locations.

2.2 PERFORMANCE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended
location and application.

B. Comply with NECA 1.

C. Comply with NFPA 70.

D. Electronic data exchange between video surveillance system with an access-

control system shall comply with SIA TVAC.

2.3 STANDARD CAMERAS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited
to, the following:
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1. AXCESS International Inc.

2. Bosch Security Systems

3. Ge Security, Inc.

4. Hitachi, Ltd.

5. Honeywell Security Products

6. Panasonic

B. Color Camera:

1. Comply with UL 639.

2. Pickup Device: CCD interline transfer, 380,000 771(H) by 492(V) pixels.

3. Horizontal Resolution: 480 lines.

4. Signal-to-Noise Ratio: Not less than 50 dB, with camera AGC off.

5. With AGC, manually selectable on or off.

6. Sensitivity: Camera shall provide usable images in low-light conditions,

delivering an image at a scene illumination of 0.2 lux at f/1.4, with camera

AGC off.

7. Manually selectable modes for backlight compensation or normal lighting.

8. Scanning Synchronization: Determined by external synch over the coaxial

cable. Camera shall revert to internally generated synchronization on loss

of external synch signal.

9. White Balance: Auto-tracing white balance, with manually settable fixed

balance option.

10. Motion Detector: Built-in digital.

C. Automatic Color Dome Camera: Assembled and tested as a manufactured
unit, containing dome assembly, color camera, motorized pan and tilt, zoom
lens, and receiver/driver.

1. Comply with UL 639.

2. Pickup Device: CCD interline transfer, 380,000 768(H) by 494(V) pixels.

3. Horizontal Resolution: 480 lines.

4. Signal-to-Noise Ratio: Not less than 50 dB, with camera AGC off.

5. With AGC, manually selectable on or off.

6. Sensitivity: Camera shall provide usable images in low-light conditions,

delivering an image at a scene illumination of 0.2 lux at f/1.4, with camera

AGC off.

7. Manually selectable modes for backlight compensation or normal lighting.

8. Pan and Tilt: Direct-drive motor, 360-degree rotation angle, and 180-

degree tilt angle. Pan-and-tilt speed shall be controlled by operator.

Movement from preset positions shall be not less than 300 degrees per

second.
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9. Preset Positioning: Eight user-definable scenes, each allowing 16-

character titles. Controls shall include the following:

a. In "sequence mode," camera shall continuously sequence through

preset positions, with dwell time and sequencing under operator

control.

b. Motion detection shall be available at each camera position.

c. Up to four preset positions may be selected to be activated by an

alarm. Each of the alarm positions may be programmed to output a

response signal.

10. Scanning Synchronization: Determined by external synch over the coaxial

cable. Camera shall revert to internally generated synchronization on loss

of external synch signal.

11. White Balance: Auto-tracing white balance, with manually settable fixed

balance option.

12. Motion Detector: Built-in digital.

13. Dome shall support multiplexed control communications using coaxial

cable recommended by manufacturer.

2.4 REINFORCED DOME CAMERAS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited
to, the following:

1. Bosch Security Systems

B. Camera: Designed for high-abuse locations, with a weathertight surface

mounting, impact-resistance polycarbonate dome, and heavy-gage, 6061 T6
aluminum body.

1. Suitable for exterior environment, rated for continuous operation in

ambient temperatures of minus 40 to plus 122 deg F (minus 40 to plus 50

deg C) dry bulb and up to 85 percent relative humidity.

2. Pickup Device: CCD interline transfer, 290,000 510(H) by 492(V) pixels.

3. Horizontal Resolution: 350 lines.

4. Signal-to-Noise Ratio: Not less than 46 dB.

5. With AGC and automatic backlight compensation.

6. Sensitivity: Camera shall provide usable images in low-light conditions,

delivering an image at a scene illumination of 6 lux at f/2.0.

7. Scanning Synchronization: Determined by external synch over the coaxial

cable. Camera shall revert to internally generated synchronization on loss

of external synch signal.
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8. White Balance: Auto-tracing white balance.

2.5 LENSES

A. Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be installed on project include, but are not limited
to, the following:

1. Bosch Security Systems, Inc.

2. Ge Security, Inc.

3. Hitachi, Ltd.

4. Honeywell Security Products

5. Samsung Opto-Electronics

B. Description: Optical-quality coated lens, designed specifically for video-
surveillance applications and matched to specified camera. Provide color-
corrected lenses with color cameras.

1. Auto-Iris Lens: Electrically controlled iris with circuit set to maintain a

constant video level in varying lighting conditions.

2. Fixed Lens: With calibrated focus ring.

3. Zoom Lens: Motorized, remote-controlled unit, rated as "quiet operating."

Features include the following:

a. Electrical Leads: Filtered to minimize video signal interference.

b. Motor Speed: Variable.

c. Lens shall be available with preset positioning capability to recall the

position of specific scenes.

2.6 POWER SUPPLIES

A. Low-voltage power supplies matched for voltage and current requirements of

cameras and accessories, and of type as recommended by manufacturer of
camera, infrared illuminator, and lens.

1. Enclosure: NEMA 250, Type 4X.

2.7 INFRARED ILLUMINATORS

A. Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be installed on project include, but are not limited
to, the following:

1. Honeywell Security Products

2. International Space Optics

3. Visiontech
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B. Description: Lighting fixtures that emit light only in the infrared spectrum,
suitable for use with cameras indicated, for nighttime surveillance, without
emitting visible light.

1. Field-Selectable Beam Patterns: Narrow, medium, and wide.

2. Rated Lamp Life: More than 8000 hours.

3. Power Supply: 12-V ac/dc.

C. Area Coverage: Illumination to 150 feet (50 m) in a narrow beam pattern.

D. Exterior housings shall be suitable for same environmental conditions as the

associated camera.

2.8 CAMERA-SUPPORTING EQUIPMENT

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited
to, the following:

1. Bosch Security Systems

2. GE Security, Inc.

3. Honeywell Security Products

4. Panasonic Corporation

5. Samsung Opto-Electronics

B. Pan-and-Tilt Units: Motorized units arranged to provide remote-controlled
aiming of cameras with smooth and silent operation, and equipped with
matching mounting brackets.

1. Panning Rotation: 0 to 355 degrees, with adjustable stops.

2. Tilt Movement: 90 degrees, plus or minus 5 degrees, with adjustable

stops.

3. Speed: 12 degrees per second in both horizontal and vertical planes.

4. Wiring: Factory prewired for camera and zoom lens functions and pan-

and-tilt power and control.

5. Built-in encoders or potentiometers for position feedback.

6. Pan-and-tilt unit shall be available with preset positioning capability to

recall the position of a specific scene.

C. Mounting Brackets for Fixed Cameras: Type matched to items supported and

mounting conditions. Include manual pan-and-tilt adjustment.

D. Protective Housings for Fixed and Movable Cameras: Steel or 6061 T6

aluminum enclosures with internal camera mounting and connecting
provisions that are matched to camera/lens combination and mounting and
installing arrangement of camera to be housed.
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1. Camera Viewing Window: Polycarbonate window, aligned with camera

lens.

2. Duplex Receptacle: Internally mounted.

3. Alignment Provisions: Camera mounting shall provide for field aiming of

camera and permit removal and reinstallation of camera lens without

disturbing camera alignment.

4. Built-in, thermostat-activated heater units. Units shall be automatically

controlled so the environmental limits of the camera equipment are not

exceeded.

5. Sun shield shall not interfere with normal airflow around the housing.

6. Mounting bracket and hardware for wall or ceiling mounting of the

housing. Bracket shall be of same material as the housing; mounting

hardware shall be stainless steel.

7. Finish: Housing and mounting bracket shall be factory finished using

manufacturer's standard finishing process suitable for the environment.

8. Enclosure Rating: IP65

2.9 MONITORS

A. Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be installed on project include, but are not limited
to, the following:

1. Bosch Security Systems

2. Hitachi, Ltd.

3. Honeywell Security Products

B. Color:

1. Metal cabinet units designed for continuous operation.

2. Screen Size (Diagonal Dimension): 26 inches

3. Horizontal Resolution: 500 lines.

4. Minimum Front Panel Devices and Controls: Power switch; power-on

indicator; and brightness, contrast, color, and tint controls.

5. Degaussing: Automatic.

6. Mounting: Dual, 9-inch, vertical, EIA 19-inch electronic equipment rack or

cabinet complying with CEA 310-E.

7. Electrical: 120-V ac, 60 Hz.
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2.10 DIGITAL VIDEO RECORDERS

A. Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be installed on project include, but are not limited
to, the following:

1. AXCESS International Inc.

2. Bosch Security Systems

3. Hitachi, Ltd.

4. Honeywell Security Products

B. Description: Digital, time-lapse type, full-frame and motion recorder, with

removable hard drive.

1. Recording Time: 400 hours minimum.

2. Resolution: 720 by 480 lines, minimum.

3. Programming shall be from trackball and push buttons on face of the

recorder, settings shall be displayed on any video monitor connected to

the recorder. Programming shall include the following:

a. Motion analysis graph.

b. Password protection.

c. Alarm and timer controls.

d. Continuous recording option.

e. Time-lapse operating modes.

f. Search video by time, event, or motion.

4. Programming: SmartMedia card for software updating, image archiving,

and image transfer to a PC.

5. Storage: 80-GB, removable hard drive. Software shall permit hot-

swapping drives.

6. Compression: MPEG-2.

7. Time and Date Generator: Records time (hr:min:sec) and date legend of

each frame.

8. Audio Recording: 70 to 7000 Hz. Phono and microphone input; phono

output.

9. Mounting: Standard 19-inch rack complying with CEA 310-E, or

freestanding desktop.

2.11 NETWORK VIDEO RECORDERS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited
to, the following:
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1. AXCESS International Inc.

2. Bosch Security Systems

3. Hitachi, Ltd.

4. Honeywell Security Products

B. External storage or internal 250-1, 500-GB hard disk drive.

1. Video and audio recording over TCP/IP network.

2. Video recording of MPEG-2 and MPEG-4 streams.

3. Video recording up to 48 Mbps for internal storage and up to 100 Mbps for

external storage.

4. Duplex Operation: Simultaneous recording and playback.

5. Continuous and alarm-based recording.

6. Full-Featured Search Capabilities: Search based on camera, time, or date.

7. Automatic data replenishment to ensure recording even if network is

down.

8. Digital certification by watermarking.

9. Internal RAID storage or non-RAID storage of up to 1500 GB.

10. Capable of adding external RAID storage up to 7000 GB for models with

no internal storage.

11. Full integration with LAN, Intranet, or Internet through standard Web

browser or video management software.

12. Integrated Web server FTP server functionality.

13. Supports up to 16, 32, or 64 devices.

2.12 DIGITAL SWITCHERS

A. Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be installed on project include, but are not limited
to, the following:

1. AXCESS International Inc.

2. Bosch Security Systems

3. Hitachi, Ltd.

4. Honeywell Security Products

B. Quad Switch: For displaying images from four cameras on a single monitor.

Provide color switcher if one or more cameras or monitors are in color.

1. Controls: Unit-mounted front panel.

2. Resolution: 720 by 480 lines.

3. Modes: Auto, manual, and alarm. In manual mode, each channel can also

be viewed in single display mode. In the event of an alarm, alarming
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channel shall automatically switch to full screen. If several alarms are

activated, channels in alarm shall be in auto-switching mode.

4. Channel Loss Alarm: Audible buzzer; occurrence details shall be

recorded.

5. Time: Indicate date and time.

6. Timing of Auto-Switcher: 1 to 30 seconds, selectable.

7. Mounting: Standard 19-inch rack complying with CEA 310-E, or

freestanding desktop.

C. Manual Switch Bank: Low-loss, high-isolation, multiple-video switch to allow
manual switching of multiple quad switches and cameras to a single output.
Switches shall be illuminated.

D. Sequential Switchers: Automatically sequence outputs of multiple cameras to

single monitor and videotape recorder.

1. Switching Time Interval: Continuously adjustable, 5 to 20 seconds

minimum, with manual override.

2. Skip-Sequential-Hold Switch: One for each camera, with LED to indicate

active camera.

3. Camera Identification Legend: Either on-screen message or label at skip-

sequential switch.

4. Alarm Switching: In the event of an alarm, alarming channel shall

automatically switch the monitor to full screen.

5. Mounting: Standard 19-inch rack complying with CEA 310-E.

E. PTZ Controls: Arranged for multiple-camera control, with switches to select

camera to be controlled.

1. Pan-and-Tilt Control: Joystick type.

2. Zoom Control: Momentary-contact, "in-out" push button.

3. Automatic-Scan Control: A push button for each camera with pan

capability that places camera in automatic-scanning mode.

2.13 IP VIDEO SYSTEMS

A. Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be installed on project include, but are not limited
to, the following:

1. AXCESS International Inc.

2. Bosch Security Systems

3. Hitachi, Ltd.

4. Honeywell Security Products
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B. Description:

1. System shall provide high-quality delivery and processing of IP-based

video, audio, and control data using standard Ethernet-based networks.

2. System shall have seamless integration of all video surveillance and

control functions.

3. Graphical user interface software shall manage all IP-based video matrix

switching and camera control functions, two-way audio communication,

alarm monitoring and control, and recording and archive/retrieval

management. IP system shall also be capable of integrating into larger

system environments.

4. System design shall include all necessary compression software for high-

performance, dual-stream, MPEG-2/MPEG-4 video. Unit shall provide

connections for all video cameras, camera PTZ control data, bidirectional

audio, discreet sensor inputs, and control system outputs.

5. All camera signals shall be compressed, encoded, and delivered onto the

network for processing and control by the IP video-management software.

6. Camera system units shall be ruggedly built and designed for extreme

adverse environments, complying with NEMA Type environmental

standards.

7. Encoder/decoder combinations shall place video, audio, and data network

stream that can be managed from multiple workstations on the user's LAN

or WAN.

8. All system interconnect cables, workstation PCs, PTZ joysticks, and

network intermediate devices shall be provided for full performance of

specified system.

2.14 CONTROL STATIONS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited
to, the following:

1. AXCESS International Inc.

2. Bosch Security Systems

3. Hitachi, Ltd.

4. Honeywell Security Products

B. Description: Heavy-duty, freestanding, modular, metal furniture units arranged
to house electronic equipment. Coordinate component arrangement and
wiring with components and wiring of other systems.

C. Equipment Mounting: Standard 19-inch rack complying with CEA 310-E.
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D. Normal System Power Supply: 120 V, 60 Hz, through a locked disconnect
device and an isolation transformer in central-station control unit. Central-
station control unit shall supply power to all components connected to it
unless otherwise indicated.

E. Power Continuity for Control Station: Batteries in power supplies of central-
station control units and individual system components shall maintain
continuous system operation during outages of both normal and backup ac
system supply.

1. Batteries: Rechargeable, valve-regulated, recombinant, sealed, lead-acid

type with nominal 10-year life expectancy. Capacity adequate to operate

portions of system served including audible trouble signal devices for up to

four hours and audible and visual alarm devices under alarm conditions

for an additional 10 minutes.

2. Battery Charger: Solid-state, fully automatic, variable-charging-rate type.

Charger shall recharge fully discharged battery within 24 hours.

F. Annunciation: Indicate change in system condition and switching of system or
component to backup power.

2.15 SIGNAL TRANSMISSION COMPONENTS

A. Cable: Coaxial cable elements have 75-ohm nominal impedance. Comply

with requirements in Section 260519 "Wire and Cable 600 volts and below."

B. Video Surveillance Coaxial Cable Connectors: BNC type, 75 ohms. Comply

with requirements in Section 260519 "Wire and Cale 600 volts and below."

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine pathway elements intended for cables. Check raceways and other

elements for compliance with space allocations, installation tolerance,
hazards to camera installation, and other conditions affecting installation.

B. Examine roughing-in for LAN, WAN, and IP network before device
installation.

C. Proceed with installation only after unsatisfactory conditions have been
corrected.
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3.2 WIRING

A. Wiring Method: Install cables in raceways unless otherwise indicated.

1. Except raceways are not required in accessible indoor ceiling spaces and

attics.

2. Except raceways are not required in hollow gypsum board partitions.

3. Conceal raceways and wiring except in unfinished spaces.

B. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points

with no excess and without exceeding manufacturer's limitations on bending
radii. Provide and use lacing bars and distribution spools.

C. Splices, Taps, and Terminations: For power and control wiring, use numbered
terminal strips in junction, pull, and outlet boxes; terminal cabinets; and
equipment enclosures. Tighten electrical connectors and terminals according
to manufacturer's published torque-tightening values. If manufacturer's torque
values are not indicated, use those specified in UL 486A-486B.

D. For communication wiring, comply with the following:

1. Section 271300 "Communications Backbone Cabling."

2. Section 271323 "Communications Optical Fiber Backbone Cabling."

3. Section 271533 "Communications Coaxial Backbone Cabling."

4. Section 271500 "Communications Horizontal Cabling."

5. Section 271523 "Communications Optical Fiber Horizontal Cabling."

6. Section 271533 "Communications Coaxial Horizontal Cabling."

E. Grounding: Provide independent-signal circuit grounding recommended in
writing by manufacturer.

3.3 VIDEO SURVEILLANCE INSTALLATION

A. Install cameras and infrared illuminators level and plumb.

B. Install cameras with 84-inch (min.) clear space below cameras and their

mountings. Change type of mounting to achieve required clearance.

C. Set pan unit and pan-and-tilt unit stops to suit final camera position and to

obtain the field of view required for camera. Connect all controls and alarms,
and adjust.

D. Install power supplies and other auxiliary components at control stations
unless otherwise indicated.

E. Avoid ground loops by making ground connections only at the control station.
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1. For 12- and 24-V dc cameras, connect the coaxial cable shields only at

the monitor end.

F. Identify system components, wiring, cabling, and terminals according to

Section 270553 "Identification for Communications Systems."

3.4 FIELD QUALITY CONTROL

A. Testing Agency: Owner will engage a qualified testing agency to perform tests
and inspections.

B. Perform tests and inspections.

C. Tests and Inspections:

1. Inspection: Verify that units and controls are properly installed, connected,

and labeled, and that interconnecting wires and terminals are identified.

2. Pretesting: Align and adjust system and pretest components, wiring, and

functions to verify that they comply with specified requirements. Conduct

tests at varying lighting levels, including day and night scenes as

applicable. Prepare video-surveillance equipment for acceptance and

operational testing as follows:

a. Prepare equipment list described in "Informational Submittals"

Article.

b. Verify operation of auto-iris lenses.

c. Set back-focus of fixed focal length lenses. At focus set to infinity,

simulate nighttime lighting conditions by using a dark glass filter of a

density that produces a clear image. Adjust until image is in focus

with and without the filter.

d. Set back-focus of zoom lenses. At focus set to infinity, simulate

nighttime lighting conditions by using a dark glass filter of a density

that produces a clear image. Additionally, set zoom to full wide angle

and aim camera at an object 50 to 75 feet (17 to 23 m) away. Adjust

until image is in focus from full wide angle to full telephoto, with the

filter in place.

e. Set and name all preset positions; consult Owner's personnel.

f. Set sensitivity of motion detection.

g. Connect and verify responses to alarms.

h. Verify operation of control-station equipment.

3. Test Schedule: Schedule tests after pretesting has been successfully

completed and system has been in normal functional operation for at least

14 days. Provide a minimum of 10 days' notice of test schedule.
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4. Operational Tests: Perform operational system tests to verify that system

complies with Specifications. Include all modes of system operation. Test

equipment for proper operation in all functional modes.

D. Video surveillance system will be considered defective if it does not pass

tests and inspections.

E. Prepare test and inspection reports.

3.5 ADJUSTING

A. Occupancy Adjustments: When requested within 12 months of date of

Substantial Completion, provide on-site assistance in adjusting system to suit
actual occupied conditions. Provide up to two visits to Project during other-
than-normal occupancy hours for this purpose. Tasks shall include, but are
not limited to, the following:

1. Check cable connections.

2. Check proper operation of cameras and lenses. Verify operation of auto-

iris lenses and adjust back-focus as needed.

3. Adjust all preset positions; consult Owner's personnel.

4. Recommend changes to cameras, lenses, and associated equipment to

improve Owner's use of video surveillance system.

5. Provide a written report of adjustments and recommendations.

3.6 CLEANING

A. Clean installed items using methods and materials recommended in writing

by manufacturer.

B. Clean video-surveillance-system components, including camera-housing
windows, lenses, and monitor screens.

3.7 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain video-

surveillance equipment.

END OF SECTION 27 15 33
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SECTION 28 23 00

PERIMETER SECURITY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to
this Section.

1.2 SUMMARY

A. Section includes a video surveillance system consisting of cameras, digital
video recorder, data transmission wiring, and a control station with its
associated equipment.

B. Video surveillance system shall be integrated with monitoring and control

system specified in Section 281300 "Access Control Software and Database
Management" and Section 282000 "Video Surveillance" which specifies
systems integration:

1.3 DEFINITIONS

A. Abbreviations:

1. AGC: Automatic gain control.

2. BNC: Bayonet Neill-Concelman - type of connector.

3. B/W: Black and white.

4. CCD: Charge-coupled device.

5. FTP: File transfer protocol.

6. IP: Internet protocol.

7. LAN: Local area network.

8. MPEG: Moving picture experts group.

9. NTSC: National Television System Committee.

10. PC: Personal computer.
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11. PTZ: Pan-tilt-zoom.

12. RAID: Redundant array of independent disks.

13. TCP: Transmission control protocol - connects hosts on the Internet.

14. UPS: Uninterruptible power supply.

15. WAN: Wide area network.

1.4 PERFORMANCE REQUIREMENTS (NOT USED)

1.5 ACTION SUBMITTALS

A. Product Data: For each type of product indicated. Include dimensions and

data on features, performance, electrical characteristics, ratings, and finishes.

B. Shop Drawings: For video surveillance. Include plans, elevations, sections,

details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads,

required clearances, method of field assembly, components, and location
and size of each field connection.

2. Functional Block Diagram: Show single-line interconnections between
components for signal transmission and control. Show cable types and
sizes.

3. Dimensioned plan and elevations of equipment racks, control panels, and
consoles. Show access and workspace requirements.

4. UPS: Sizing calculations.
5. Wiring Diagrams: For power, signal, and control wiring.

C. Equipment List: Include every piece of equipment by model number,

manufacturer, serial number, location, and date of original installation. Add
pretesting record of each piece of equipment, listing name of person testing,
date of test, set points of adjustments, name and description of the view of
preset positions, description of alarms, and description of unit output
responses to an alarm.

1.6 INFORMATIONAL SUBMITTALS (NOT USED)

1.7 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For cameras, power supplies, infrared

illuminators, monitors, videotape recorders, digital video recorders, video
switches, and control-station components to include in emergency, operation,
and maintenance manuals. In addition to items specified in Section 017823
"Operation and Maintenance Data," include the following:
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1. Lists of spare parts and replacement components recommended to be
stored at the site for ready access.

1.8 QUALITY ASSURANCE

A. Electrical Components, Devices, and Accessories: Listed and labeled as

defined in NFPA 70, by a qualified testing agency, and marked for intended
location and application.

B. Comply with NECA 1.

C. Comply with NFPA 70.

D. Electronic data exchange between video surveillance system with an access-
control system shall comply with SIA TVAC.

1.9 PROJECT CONDITIONS

A. Environmental Conditions: Capable of withstanding the following

environmental conditions without mechanical or electrical damage or
degradation of operating capability.

1. Control Station: Rated for continuous operation in ambient temperatures
of 60 to 85 deg F (16 to 29 deg C) and a relative humidity of 20 to 80
percent, noncondensing.

2. Exterior Environment: System components installed in locations exposed
to weather shall be rated for continuous operation in ambient
temperatures of minus 30 to plus 122 deg F (minus 34 to plus 50 deg C)
dry bulb and 20 to 90 percent relative humidity, condensing. Rate for
continuous operation when exposed to rain as specified in NEMA 250,
winds up to 85 mph (137 km/h). Use NEMA 250, Type 4X enclosures.

3. Hazardous Environment: System components located in areas where fire
or explosion hazards may exist because of flammable gases or vapors,
flammable liquids, combustible dust, or ignitable fibers shall be rated,
listed, and installed according to NFPA 70.

4. Corrosive Environment: System components subject to corrosive fumes,
vapors, and wind-driven salt spray in coastal zones. Use NEMA 250, Type
4X enclosures.

5. Security Environment: Camera housing for use in high-risk areas where
surveillance equipment may be subject to physical violence.

1.10 WARRANTY

A. Special Warranty: Manufacturer's standard form in which manufacturer

agrees to repair or replace components of cameras, equipment related to
camera operation, and control-station equipment that fail in materials or
workmanship within specified warranty period.
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1. Warranty Period: Three years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 SYSTEM REQUIREMENTS

A. Video-signal format shall comply with NTSC standard, composite interlaced
video. Composite video-signal termination shall be 75 ohms.

B. Surge Protection: Protect components from voltage surges originating
external to equipment housing and entering through power, communication,
signal, control, or sensing leads. Include surge protection for external wiring
of each conductor's entry connection to components.

1. Minimum Protection for Power Connections 120 V and More: Auxiliary
panel suppressors complying with requirements in Section 264313 "Low
Voltage Surge Protection Devices (SPD)."

2. Minimum Protection for Communication, Signal, Control, and Low-Voltage
Power Connections: Comply with requirements in Section 264313 "Low
Voltage Surge Protection Devices (SPD)" as recommended by
manufacturer for type of line being protected.

C. Tamper Protection: Tamper switches on enclosures, control units, pull boxes,

junction boxes, cabinets, and other system components shall initiate a
tamper-alarm signal when unit is opened or partially disassembled. Control-
station, control-unit alarm display shall identify tamper alarms and indicate
locations.

2.2 STANDARD CAMERAS

A. General requirements

1. Fixed digital.
2. Weatherproof
3. PoE standard PoE Plus (802.3at-2009)/Class 4
4. Environment: –40 to 65 °C/–40 to 149 °F
5. Resolution: 4K UHD
6. Image sensor (color or B&W sensor) 4K UHD 3840x2160, 16:9
7. Motion Detector: Built-in digital.
8. Interfaces: Ethernet 1000BaseT and mini-USB
9. Pole-mounted

B. Manufacturers: Subject to compliance with requirements, provide products by

one of the following

1. Mobotix
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2. Pelco
3. Texas Surveillance & Security
4. Or equal

2.3 THERMAL-IMAGING CAMERAS

A. General Requirements

1. Fixed digital
2. PoE with a power consumption of < 10 W
3. Thermal image sensor: Uncooled microbolometer with 336 x 252 pixes, IR

range 7,5 to 13,5 μm
4. Sensitivity: NETD (thermal resolution) Typ. 50 mK, < 79 mK (50 mK is

equal to temperature changes of 0,05°C)
5. Thermal image representation: False colors or black and white
6. Temperature measuring range (adjustable):

a. High Sensitivity: -40 to 160°C/-40 t0 320°F

b. Low Sensitivity: -40 to 550°C/-40 to 1022°F

7. Temperature measuring method (via camera): In the center of the image
(2x2 pixels).

B. Manufacturers: Subject to compliance with requirements, provide products by
one of the following

1. Mobotix

2. Hydra by Thermal Radar

3. Texas Surveillance & Security

4. Or equal

2.4 POWER SUPPLIES

A. Low-voltage power supplies matched for voltage and current requirements of
cameras and accessories, and of type as recommended by manufacturer of
camera, infrared illuminator, and lens.

1. Enclosure: NEMA 250, Type 4X.

2.5 CAMERA-SUPPORTING EQUIPMENT

A. Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be installed on project include, but are not limited
to, the following:
1. Bosch Security Systems
2. GE Security, Inc.
3. Honeywell Security Products
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4. Panasonic Corporation
5. Samsung Opto-Electronics

B. Mounting Brackets for Fixed Cameras: Type matched to items supported and
mounting conditions. Include manual pan-and-tilt adjustment.

1. Camera Viewing Window: Polycarbonate window, aligned with camera
lens.

2. Alignment Provisions: Camera mounting shall provide for field aiming of
camera and permit removal and reinstallation of camera lens without
disturbing camera alignment.

3. Sun shield shall not interfere with normal airflow around the housing.
4. Mounting bracket and hardware for wall or ceiling mounting of the

housing. Bracket shall be of same material as the housing; mounting
hardware shall be stainless steel.

5. Finish: Housing and mounting bracket shall be factory finished using
manufacturer's standard finishing process suitable for the environment.

6. Enclosure Rating: IP67

2.6 DIGITAL VIDEO RECORDERS

A. Description: Digital, time-lapse type, full-frame and motion recorder, with

removable hard drive.

1. Recording Time: 400 hours minimum.

2. Resolution: 720 by 480 lines, minimum.
3. Programming shall be from trackball and push buttons on face of the

recorder, settings shall be displayed on any video monitor connected to
the recorder. Programming shall include the following:

a. Motion analysis graph.
b. Password protection.
c. Alarm and timer controls.
d. Continuous recording option.
e. Time-lapse operating modes.
f. Search video by time, event, or motion.

4. Programming: SmartMedia card for software updating, image archiving,
and image transfer to a PC.

5. Storage: 80-GB, removable hard drive. Software shall permit hot-
swapping drives.

6. Compression: MPEG-2.
7. Time and Date Generator: Records time (hr:min:sec) and date legend of

each frame.
8. Audio Recording: 70 to 7000 Hz. Phono and microphone input; phono

output.



WHCRWA
CENTRAL PUMP STATION PERIMETER SECURITY

WHCRWA CENTRAL PUMP STATION

PERIMETER SECURITY
28 23 00 - 7 OF 12

9. Mounting: Standard 19-inch rack complying with CEA 310-E, or
freestanding desktop.

2.7 IP VIDEO SYSTEMS

A. Description:

1. System shall provide high-quality delivery and processing of IP-based
video, audio, and control data using standard Ethernet-based networks.

2. System shall have seamless integration of all video surveillance and
control functions.

3. Graphical user interface software shall manage all IP-based video matrix
switching and camera control functions, two-way audio communication,
alarm monitoring and control, and recording and archive/retrieval
management. IP system shall also be capable of integrating into larger
system environments.

4. System design shall include all necessary compression software for high-
performance, dual-stream, MPEG-2/MPEG-4 video. Unit shall provide
connections for all video cameras, camera PTZ control data, bidirectional
audio, discreet sensor inputs, and control system outputs.

5. All camera signals shall be compressed, encoded, and delivered onto the
network for processing and control by the IP video-management software.

6. Camera system units shall be ruggedly built and designed for extreme
adverse environments, complying with NEMA Type environmental
standards.

7. Encoder/decoder combinations shall place video, audio, and data network
stream that can be managed from multiple workstations on the user's LAN
or WAN.

8. All system interconnect cables, workstation PCs, PTZ joysticks, and
network intermediate devices shall be provided for full performance of
specified system.

2.8 CONTROL STATIONS

A. Description: Heavy-duty, freestanding, modular, metal furniture units arranged

to house electronic equipment. Coordinate component arrangement and
wiring with components and wiring of other systems.

B. Normal System Power Supply: 120 V, 60 Hz, through a locked disconnect
device and an isolation transformer in central-station control unit. Central-
station control unit shall supply power to all components connected to it
unless otherwise indicated.

C. Annunciation: Indicate change in system condition and switching of system or
component to backup power.
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2.9 PRESTRESSED CONCRETE POLES

A. Poles: Comply with ASTM C 1089 and manufactured by centrifugal spin-

casting process.

1. Shape: Round, tapered.
2. Mounting Provisions: Embedded.
3. Finishing: Capped at top and plugged at bottom. Seat each reinforcing

strand with epoxy adhesive.
4. Grounding: Continuous copper ground wire cast into pole. Terminate at

top of pole and attach to 24-inch lighting rod.
5. Raceway: Smooth, internal, and not less than 3 inches in diameter

B. Concrete: Minimum 28-day compressive strength of 7000 psi (48,265 kPA).

C. Cured with wet steam and aged for a minimum of 15 days prior to installation.

D. Reinforcement:[Reinforcing bars complying with ASTM A 615/A 615M.

E. Surface Treatment: Hard, nonporous, and resistant to water, frost, and road

and soil chemicals; and shall have a maximum water-absorption rate of 3
percent.

F. Finish Texture: Standard form.

G. Fasteners: Stainless steel, size and type as determined by manufacturer.

Compatible with poles and standards as well as the substrates to which poles
and standards are fastened and shall not cause galvanic action at contact
points.

H. Nameplate: Aluminum cast into pole wall at approximately 5 feet (1.5 m)

above ground line, listing name of manufacturer, Project identifier, overall
height, and approximate weight.

I.    Pole Brackets: Comply with ANSI C136.31.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine pathway elements intended for cables. Check raceways and other
elements for compliance with space allocations, installation tolerance, hazards
to camera installation, and other conditions affecting installation.

B. Examine roughing-in for LAN, WAN, and IP network before device installation.
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C. Proceed with installation only after unsatisfactory conditions have been
corrected.

3.2 WIRING

A. Splices, Taps, and Terminations: For power and control wiring, use numbered

terminal strips in junction, pull, and outlet boxes; terminal cabinets; and
equipment enclosures. Tighten electrical connectors and terminals according
to manufacturer's published torque-tightening values. If manufacturer's torque
values are not indicated, use those specified in UL 486A-486B.

B. For LAN connection and fiber-optic and copper communication wiring, comply
with Section 271300 "Communications Backbone Cabling" and Section
271500 "Communications Horizontal Cabling."

C. Grounding: Provide independent-signal circuit grounding recommended in

writing by manufacturer.

3.3 VIDEO SURVEILLANCE INSTALLATION

A. Install cameras and infrared illuminators level and plumb.

B. Install cameras with 84-inch-minimum clear space below cameras and their

mountings. Change type of mounting to achieve required clearance.

C. Install power supplies and other auxiliary components at control stations

unless otherwise indicated.

D. Avoid ground loops by making ground connections only at the control station.

1. For 12- and 24-V dc cameras, connect the coaxial cable shields only at
the monitor end.

E. Identify system components, wiring, cabling, and terminals according to
Section 10 14 00 "Identification Devices".

3.4 FIELD QUALITY CONTROL

A. Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service
representative to inspect components, assemblies, and equipment
installations, including connections, and to assist in testing.

B. Tests and Inspections:

1. Inspection: Verify that units and controls are properly installed, connected,
and labeled, and that interconnecting wires and terminals are identified.
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2. Pretesting: Align and adjust system and pretest components, wiring, and
functions to verify that they comply with specified requirements. Conduct
tests at varying lighting levels, including day and night scenes as
applicable. Prepare video-surveillance equipment for acceptance and
operational testing as follows:

a. Prepare equipment list described in "Informational Submittals"

Article.
b. Verify operation of auto-iris lenses.
c. Set back-focus of fixed focal length lenses. At focus set to infinity,

simulate nighttime lighting conditions by using a dark glass filter of a
density that produces a clear image. Adjust until image is in focus
with and without the filter.

d. Set back-focus of zoom lenses. At focus set to infinity, simulate
nighttime lighting conditions by using a dark glass filter of a density
that produces a clear image. Additionally, set zoom to full wide angle
and aim camera at an object 50 to 75 feet (17 to 23 m) away. Adjust
until image is in focus from full wide angle to full telephoto, with the
filter in place.

e. Set and name all preset positions; consult Owner's personnel.
f. Set sensitivity of motion detection.
g. Connect and verify responses to alarms.
h. Verify operation of control-station equipment.

3. Test Schedule: Schedule tests after pretesting has been successfully
completed and system has been in normal functional operation for at least
14 days. Provide a minimum of 10 days' notice of test schedule.

4. Operational Tests: Perform operational system tests to verify that system
complies with Specifications. Include all modes of system operation. Test
equipment for proper operation in all functional modes.

C. Video surveillance system will be considered defective if it does not pass
tests and inspections.

D. Prepare test and inspection reports.

3.5 ADJUSTING

A. Occupancy Adjustments: When requested within 12 months of date of
Substantial Completion, provide on-site assistance in adjusting system to suit
actual occupied conditions. Provide up to two visits to Project during other-
than-normal occupancy hours for this purpose. Tasks shall include, but are
not limited to, the following:

1. Check cable connections.

2. Check proper operation of cameras and lenses. Verify operation of auto-
iris lenses and adjust back-focus as needed.
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3. Adjust all preset positions; consult Owner's personnel.
4. Recommend changes to cameras, lenses, and associated equipment to

improve Owner's use of video surveillance system.
5. Provide a written report of adjustments and recommendations.

3.6 CLEANING

A. Clean installed items using methods and materials recommended in writing

by manufacturer.

B. Clean video-surveillance-system components, including camera-housing

windows, lenses, and monitor screens.

3.7 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain video-
surveillance equipment.

END OF SECTION
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SECTION 28 31 00

INTRUSION DETECTION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 01 Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Intrusion detection with communication links to perform monitoring, alarm,
and control functions.

2. Integration of other electronic and electrical systems and equipment.

B. Related Sections:

1. Section 260519 " Wire and Cable 600 volts and below " for power cabling
between master control units and field-mounted devices and control units.

2. Section 271300 "Communications Backbone Cabling" for Category 5e, 6,
and 7 backbone (riser-rated) cabling.

3. Section 271323 "Communications Optical Fiber Backbone Cabling" for
multi- and single-mode backbone (riser-rated) optical fiber.

4. Section 271500 "Communications Horizontal Cabling" for Category 5e, 6,
and 7 horizontal (general use, riser-, and plenum-rated) cabling.

5. Section 271523 "Communications Optical Fiber Horizontal Cabling" for
multi- and single-mode horizontal (general use, riser-, and plenum-rated)
optical fiber.

6. Section 281300 "Access Control System Software and Database
Management" for applications, interfaces, and workstations.

7. Section 282000 "Video Surveillance" for CCTV cameras that are used as
devices for video motion detection.

1.3 DEFINITIONS

A. CCTV: Closed-circuit television.

B. PIR: Passive infrared.

C. RFI: Radio-frequency interference.

D. UPS: Uninterruptible power supply.



WHCRWA
INTRUSION DETECTION CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
INTRUSION DETECTION

28 31 00 - 2 OF 20

E. Control Unit: System component that monitors inputs and controls outputs
through various circuits.

F. Master Control Unit: System component that accepts inputs from other control
units and may also perform control-unit functions. The unit has limited capacity
for the number of protected zones and is installed at an unattended location or
at a location where it is not the attendant's primary function to monitor the
security system.

G. Monitoring Station: Facility that receives signals and has personnel in
attendance at all times to respond to signals. A central station is a monitoring
station that is listed.

H. Protected Zone: A protected premises or an area within a protected premises
that is provided with means to prevent an unwanted event.

I. Standard Intruder: A person who weighs 100 lb (45 kg) or less and whose
height is 60 inches (1525 mm) or less; dressed in a long-sleeved shirt, slacks,
and shoes.

J. Standard-Intruder Movement: Any movement, such as walking, running,
crawling, rolling, or jumping, of a "standard intruder" in a protected zone.

K. Systems Integration: The bringing together of components of several systems
containing interacting components to achieve indicated functional operation of
combined systems.

L. Zone. A defined area within a protected premises. It is a space or area for
which an intrusion must be detected and uniquely identified. The sensor or
group of sensors must then be assigned to perform the detection, and any
interface equipment between sensors and communication must link to master
control unit.

1.4 ACTION SUBMITTALS

A. Product Data: Components for sensing, detecting, systems integration, and
control, including dimensions and data on features, performance, electrical
characteristics, ratings, and finishes.

B. Shop Drawings: Detail assemblies of standard components that are custom
assembled for specific application on this Project.

1. Functional Block Diagram: Show single-line interconnections between
components including interconnections between components specified in
this Section and those furnished under other Sections. Indicate methods
used to achieve systems integration. Indicate control, signal, and data
communication paths and identify networks and control interface devices
and media to be used. Describe characteristics of network and other data
communication lines.

a. Indicate methods used to achieve systems integration.
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b. Indicate control, signal, and data communication paths and identify
PLCs, networks, control interface devices, and media to be used.

c. Describe characteristics of network and other data communication
lines.

d. Describe methods used to protect against power outages and
transient voltages including types and ratings of isolation and surge
suppression devices used in data, communication, signal, control,
and ac and dc power circuits.

2. Raceway Riser Diagrams: Detail raceway runs required for intrusion
detection and for systems integration. Include designation of devices
connected by raceway, raceway type and size, and type and size of wire
and cable fill for each raceway run.

3. UPS: Sizing calculations.

4. Site and Floor Plans: Indicate final outlet and device locations, routing of
raceways, and cables inside and outside the building. Include room layout
for master control-unit console, terminal cabinet, racks, and UPS.

5. Master Control-Unit Console Layout: Show required artwork and device
identification.

6. Device Address List: Coordinate with final system programming.

7. System Wiring Diagrams: Include system diagrams unique to Project.
Show connections for all devices, components, and auxiliary equipment.
Include diagrams for equipment and for system with all terminals and
interconnections identified.

8. Details of surge-protection devices and their installation.

9. Sensor detection patterns and adjustment ranges.

C. Design Data: Include method of operation and supervision of each component
and each type of circuit. Show sequence of operations for manually and
automatically initiated system or equipment inputs. Description must cover this
specific Project; manufacturer's standard descriptions for generic systems are
unacceptable.

D. Samples for Initial Selection: For units with factory-applied color finishes.

1.5 INFORMATIONAL SUBMITTALS

A. Qualification Data: For Installer.

B. Field quality-control reports.

1. Anchor inspection reports documenting inspections of built-in and cast-in
anchors.

C. Product Warranty: Sample of special warranty.



WHCRWA
INTRUSION DETECTION CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
INTRUSION DETECTION

28 31 00 - 4 OF 20

D. Field Test Reports: Test plan and report defining all tests required to ensure
that system meets technical, operational, and performance specifications within
60 days of date of Contract award.

E. Evaluation Reports: Examination reports documenting inspections of
substrates, areas, and conditions.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For intrusion detection system to include in
emergency, operation, and maintenance manuals. In addition to items specified
in Section 017823 "Operation and Maintenance Data," include the following:

1. Data for each type of product, including features and operating
sequences, both automatic and manual.

2. Master control-unit hardware and software data.

1.7 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged
with protective covering for storage and identified with labels describing
contents.

1. Intrusion Detection Devices: Furnish quantity equal to five percent of the
number of units of each type installed, but no fewer than one of each type.

2. Fuses: Three of each kind and size.

3. Tool Kit: Provide six sets of tools for use with security fasteners, each
packaged in a compartmented kit configured for easy handling and
storage.

4. Security Fasteners: Furnish no fewer than 1 box for every 50 boxes or
fraction thereof, of each type and size of security fastener installed.

1.8 QUALITY ASSURANCE

A. Installer Qualifications:

1. An employer of workers, at least one of whom is a Certified Alarm
Technician, Level 1.

2. Manufacturer's authorized representative who is trained and approved for
installation of units required for this Project.

3. Layout Responsibility: Preparation of Shop Drawings, cabling
administration Drawings, and field testing program development by a
Technician.

4. Installation Supervision: Installation shall be under the direct supervision
of Technician, who shall be present at all times when Work of this Section
is performed at Project site.
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5. Testing Supervisor: Currently certified by BICSI as an RCDD to supervise
on-site testing.

B. Intrusion Detection Systems Integrator Qualifications: An experienced intrusion
detection equipment supplier and Installer who has completed systems
integration work for installations similar in material, design, and extent to that
indicated for this Project, whose work has resulted in construction with a record
of successful in-service performance.

1. At least one of whom is a Certified Systems Integrator.

C. Testing Agency Qualifications: Certified by BICSI.

1. Testing Agency's Field Supervisor: Currently certified by BICSI as an
RCDD to supervise on-site testing.

1.9 PROJECT CONDITIONS

A. Environmental Conditions: Capable of withstanding the following environmental
conditions without mechanical or electrical damage or degradation of operating
capability:

1. Altitude: Sea level to 4000 feet (1220 m).

2. Master Control Unit: Rated for continuous operation in an ambient of 60 to
85 deg F (16 to 29 deg C) and a relative humidity of 20 to 80 percent,
noncondensing.

3. Interior, Controlled Environment: System components, except master
control unit, installed in air-conditioned interior environments shall be rated
for continuous operation in ambients of 36 to 122 deg F (2 to 50 deg C)
dry bulb and 20 to 90 percent relative humidity, noncondensing.

4. Interior, Uncontrolled Environment: System components installed in non-
air-conditioned interior environments shall be rated for continuous
operation in ambients of 0 to 122 deg F (minus 18 to plus 50 deg C) dry
bulb and 20 to 90 percent relative humidity, noncondensing.

5. Exterior Environment: System components installed in locations exposed
to weather shall be rated for continuous operation in ambients of minus 30
to plus 122 deg F (minus 34 to plus 50 deg C) dry bulb and 20 to 90
percent relative humidity, condensing. Comply with UL 294 and UL 639 for
outdoor-use equipment. Rate for continuous operation when exposed to
rain as specified in NEMA 250, winds up to 150 mph (137 km/h).

6. Hazardous Environment: System components located in areas where fire
or explosion hazards may exist because of flammable gases or vapors,
flammable liquids, combustible dust, or ignitable fibers or flyings shall be
rated, listed, and installed according to NFPA 70.
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1.10 WARRANTY

A. Special Warranty: Manufacturer's standard form in which manufacturer and
Installer agree to repair or replace components of intrusion detection devices
and equipment that fail in materials or workmanship within specified warranty
period.

1. Warranty Period: Two years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 FUNCTIONAL DESCRIPTION OF SYSTEM

A. Description: Multiplexed, modular, microprocessor-based controls, intrusion
sensors and detection devices, and communication links to perform monitoring,
alarm, and control functions.

B. Supervision: System components shall be continuously monitored for normal,
alarm, supervisory, and trouble conditions. Indicate deviations from normal
conditions at any location in system. Indication includes identification of device
or circuit in which deviation has occurred and whether deviation is an alarm or
malfunction.

1. Alarm Signal: Display at master control unit and actuate audible and visual
alarm devices.

2. Trouble Condition Signal: Distinct from other signals, indicating that
system is not fully functional. Trouble signal shall indicate system
problems such as battery failure, open or shorted transmission line
conductors, or control-unit failure.

3. Supervisory Condition Signal: Distinct from other signals, indicating an
abnormal condition as specified for the particular device or control unit.

C. System Control: Master control unit shall directly monitor intrusion detection
units and connecting wiring.

D. System Control: Master control unit shall directly monitor intrusion detection
devices and connecting wiring in a multiplexed distributed control system or as
part of a network.

E. System shall automatically reboot program without error or loss of status or
alarm data after any system disturbance.

F. Operator Commands:

1. Help with System Operation: Display all commands available to operator.
Help command, followed by a specific command, shall produce a short
explanation of the purpose, use, and system reaction to that command.

2. Acknowledge Alarm: To indicate that alarm message has been observed
by operator.
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3. Place Protected Zone in Access: Disable all intrusion-alarm circuits of a
specific protected zone. Tamper circuits may not be disabled by operator.

4. Place Protected Zone in Secure: Activate all intrusion-alarm circuits of a
protected zone.

5. Protected Zone Test: Initiate operational test of a specific protected zone.

6. System Test: Initiate system-wide operational test.

7. Print reports.

G. Timed Control at Master Control Unit: Allow automatically timed "secure" and
"access" functions of selected protected zones.

H. Automatic Control of Related Systems: Alarm or supervisory signals from
certain intrusion detection devices control the following functions in related
systems:

1. Switch selected lights.

2. Open a signal path between certain intercommunication stations.

3. Shift sound system to "listening mode" and open a signal path to certain
system speakers.

4. Switch signal to selected monitor from CCTV camera in vicinity of sensor
signaling an alarm.

I. Printed Record of Events: Print a record of alarm, supervisory, and trouble
events on system printer. Sort and report by protected zone, device, and
function. When master control unit receives a signal, print a report of alarm,
supervisory, or trouble condition. Report type of signal (alarm, supervisory, or
trouble), protected zone description, date, and time of occurrence. Differentiate
alarm signals from other indications. When system is reset, report reset event
with the same information concerning device, location, date, and time.
Commands shall initiate the reporting of a list of current alarm, supervisory, and
trouble conditions in system or a log of past events.

J. Response Time: Two seconds between actuation of any alarm and its indication
at master control unit.

K. Circuit Supervision: Supervise all signal and data transmission lines, links with
other systems, and sensors from master control unit. Indicate circuit and
detection device faults with both protected zone and trouble signals, sound a
distinctive audible tone, and illuminate an LED. Maximum permissible elapsed
time between occurrence of a trouble condition and indication at master control
unit is 20 seconds. Initiate an alarm in response to opening, closing, shorting, or
grounding of a signal or data transmission line.

L. Programmed Secure-Access Control: System shall be programmable to
automatically change status of various combinations of protected zones
between secure and access conditions at scheduled times. Status changes
may be preset for repetitive, daily, and weekly; specially scheduled operations
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may be preset up to a year in advance. Manual secure-access control stations
shall override programmed settings.

M. Manual Secure-Access Control: Coded entries at manual stations shall change
status of associated protected zone between secure and access conditions.

2.2 SYSTEM COMPONENT REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended
location and application.

B. Control Units, Devices, and Communications with Monitoring Station: Listed
and labeled by a qualified testing agency for compliance with SIA CP-01.

C. FM Global Compliance: FM-Approved and -labeled intrusion detection devices
and equipment.

D. Comply with NFPA 70.

E. Compatibility: Detection devices and their communication features, connecting
wiring, and master control unit shall be selected and configured with
accessories for full compatibility with the following equipment:

1. Door hardware specified in Section 087000 "Finish Hardware."

2. Lighting controls specified in Section 260923 "Lighting Control Devices."

3. Access control system specified in Section 281300 "Access Control
System Software and Database Management."

4. Fire alarm system specified in Section 284621.11 "Addressable Fire-Alarm
Systems."

5. Video surveillance system specified in Section 282000 "Video
Surveillance."

F. Surge Protection: Protect components from voltage surges originating external
to equipment housing and entering through power, communication, signal,
control, or sensing leads. Include surge protection for external wiring of each
conductor entry connection to components.

1. Minimum Protection for Power Lines 120 V and More: Auxiliary panel
suppressors complying with requirements in Section 264313 "Low Voltage
Surge Protection Devices (SPD)."

2. Minimum Protection for Communication, Signal, Control, and Low-Voltage
Power Lines: Listed and labeled by a qualified testing agency for
compliance with NFPA 731.

G. Intrusion Detection Units: Listed and labeled by a qualified testing agency for
compliance with UL 639.

H. Interference Protection: Components shall be unaffected by radiated RFI and
electrical induction of 15 V/m over a frequency range of 10 to 10,000 MHz and
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conducted interference signals up to 0.25-V rms injected into power supply lines
at 10 to 10,000 MHz.

I. Tamper Protection: Tamper switches on detection devices, control units,
annunciators, pull boxes, junction boxes, cabinets, and other system
components shall initiate a tamper-alarm signal when unit is opened or partially
disassembled and when entering conductors are cut or disconnected. Master
control-unit alarm display shall identify tamper alarms and indicate locations.

J. Self-Testing Devices: Automatically test themselves periodically, but not less
than once per hour, to verify normal device functioning and alarm initiation
capability. Devices transmit test failure to master control unit.

K. Antimasking Devices: Automatically check operation continuously or at intervals
of a minute or less, and use signal-processing logic to detect blocking, masking,
jamming, tampering, or other operational dysfunction. Devices transmit
detection of operational dysfunction to master control unit as an alarm signal.

L. Addressable Devices: Transmitter and receivers shall communicate unique
device identification and status reports to master control unit.

M. Remote-Controlled Devices: Individually and remotely adjustable for sensitivity
and individually monitored at master control unit for calibration, sensitivity, and
alarm condition.

2.3 ENCLOSURES

A. Interior Sensors: Enclosures that protect against dust, falling dirt, and dripping
noncorrosive liquids.

B. Interior Electronics: NEMA 250, Type 12.

C. Exterior Electronics: NEMA 250, Type 4X, stainless steel.

D. Corrosion Resistant: NEMA 250, Type 4X, stainless steel.

E. Screw Covers: Where enclosures are readily accessible, secure with security
fasteners of type appropriate for enclosure.

2.4 SECURE AND ACCESS DEVICES

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited to,
the following:

1. Bosch Security Systems, Inc.
2. Honeywell International

B. Keypad and Display Module: Arranged for entering and executing commands
for system-status changes and for displaying system-status and command-
related data.

C. Key-Operated Switch: Change protected zone between secure and access
conditions.
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2.5 DOOR AND WINDOW SWITCHES

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited to,
the following:

1. Bosch Security Systems, Inc.
2. Honeywell International
3. United Technologies Corporation

B. Description: Balanced-magnetic switch, complying with UL 634, installed on
frame with integral overcurrent device to limit current to 80 percent of switch
capacity. Bias magnet and minimum of three encapsulated reed switches shall
resist compromise from introduction of foreign magnetic fields.

C. Flush-Mounted Switches: Unobtrusive and flush with surface of door and
window frame.

D. Overhead Door Switch: Balanced-magnetic type, listed for outdoor locations,
and having door-mounted magnet and floor-mounted switch unit.

E. Remote Test: Simulate movement of actuating magnet from master control unit.

2.6 PIR SENSORS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited to,
the following:

1. Bosch Security Systems, Inc.
2. Honeywell International
3. United Technologies Corporation

B. Listed and labeled by a qualified testing agency for compliance with SIA PIR-
01.

C. Description: Sensors detect intrusion by monitoring infrared wavelengths
emitted from a human body within their protected zone and by being insensitive
to general thermal variations.

1. Wall-Mounted Unit Maximum Detection Range: 125 percent of indicated
distance for individual units and not less than 50 feet (15 m). Provide
adjustable coverage pattern as indicated.

2. Ceiling-Mounted Unit Spot-Detection Pattern: Full 360-degree conical.

3. Ceiling-Mounted Unit Pattern Size: 84-inch (2135-mm) diameter at floor
level for units mounted 96 inches (2440 mm) above floor; 18-foot (5.5-m)
diameter at floor level for units mounted 25 feet (7.6 m) above floor.

D. Device Performance:

1. Sensitivity: Adjustable pattern coverage to detect a change in temperature
of 2 deg F (1 deg C) or less, and standard-intruder movement within
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sensor's detection patterns at any speed between 0.3 to 7.5 fps (0.09 to
2.3 m/s) across two adjacent segments of detector's field of view.

2. Test Indicator: LED test indicator that is not visible during normal
operation. When visible, indicator shall light when sensor detects an
intruder. Locate test enabling switch under sensor housing cover.

3. Remote Test: When initiated by master control unit, start a test sequence
for each detector element that simulates standard-intruder movement
within sensor's detection patterns, causing an alarm.

2.7 MICROWAVE INTRUSION DETECTORS (INTERIOR)

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited to,
the following:

1. Bosch Security Systems, Inc.
2. Honeywell International
3. United Technologies Corporation

B. Device Performance: Microwave transmitter establishes an electromagnetic
field in an adjustable detection pattern and detects intrusion by monitoring
changes in that pattern.

1. Sensitivity: Adjustable, able to detect standard-intruder movement within
sensor's detection pattern at any speed between 0.3 to 7.5 fps (0.09 to
2.3 m/s). Sensor sensitivity adjustments shall be accessible only when
sensor housing is removed, and sensors shall comply with 47 CFR 15.

2. Activation Indicator: LED indicator shall not be visible during normal
operation. Indicator shall light when sensor detects a standard intruder.
Locate test-enabling switch under sensor housing cover.

3. Remote Test: When initiated by master control unit, start a test sequence
for each detector element that simulates standard-intruder movement
within sensor's detection patterns, causing an alarm.

2.8 PHOTOELECTRIC SENSORS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited to,
the following:

1. Bosch Security Systems, Inc.
2. Honeywell International
3. United Technologies Corporation

B. Device Performance: Detect an interruption of a pulsed, infrared, light beam
that links transmitter and receiver.

1. Sensitivity: Detect standard-intruder movement within sensor's detection
patterns at any speed of less than 7.5 fps (2.3 m/s) though the beam.
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Allow installation of multiple sensors within same protected zone that will
not interfere with each other.

2. Activation Indicator: LED indicator shall not be visible during normal
operation. Indicator shall light when sensor detects a standard intruder.
Locate test enabling switch under sensor housing cover.

3. Remote Test: When initiated by master control unit, start a test sequence
for each detector element that simulates standard-intruder movement
within sensor's detection patterns, causing an alarm.

2.9 MICROWAVE-PIR DUAL-TECHNOLOGY SENSORS

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited to,
the following:

1. Bosch Security Systems, Inc.
2. Honeywell International
3. United Technologies Corporation

B. Description: Single unit combining a sensor that detects changes in microwave
signals and a PIR sensor that detects changes in ambient level of infrared
emissions caused by standard-intruder movement within detection pattern.

C. Listed and labeled by a qualified testing agency for compliance with SIA PIR-
01.

D. Device Performance: An alarm is transmitted when either sensor detects a
standard intruder within a period of three to eight seconds from when the other
sensor detects a standard intruder.

1. Minimum Detection Pattern: A room 20 by 30 feet (6 by 9 m).

2. PIR Sensor Sensitivity: Adjustable pattern coverage to detect a change in
temperature of 2 deg F (1 deg C) or less, and standard-intruder movement
within sensor's detection patterns at any speed between 0.3 to 7.5 fps
(0.09 to 2.3 m/s) across two adjacent segments of detector's field of view.

3. Microwave Sensor Sensitivity: Adjustable, able to detect standard-intruder
movement within sensor's detection pattern at any speed between 0.3 to
7.5 fps (0.09 to 2.3 m/s). Sensor sensitivity adjustments shall be
accessible only when sensor housing is removed, and sensors shall
comply with 47 CFR 15.

4. Activation Indicator: LED indicator shall not be visible during normal
operation. Indicator shall light when sensor detects a standard intruder.
Locate test enabling switch under sensor housing cover.

5. Remote Test: When initiated by master control unit, start a test sequence
for each detector element that simulates standard-intruder movement
within sensor's detection patterns, causing an alarm.
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2.10 MASTER CONTROL UNIT

A. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited to,
the following:

1. Bosch Security Systems, Inc.
2. Honeywell International
3. United Technologies Corporation

B. Description: Supervise sensors and detection subsystems and their connecting
communication links, status control (secure or access) of sensors and detector
subsystems, activation of alarms and supervisory and trouble signals, and other
indicated functions.

1. System software and programs shall be held in flash electrically erasable
programmable read-only memory (EEPROM), retaining the information
through failure of primary and secondary power supplies.

2. Include a real-time clock for time annotation of events on the event
recorder and printer.

3. Addressable initiation devices that communicate device identity and
status.

4. Control circuits for operation of mechanical equipment in response to an
alarm.

C. Construction: Desk-mounted console, modular, with separate and independent
alarm and supervisory system modules. Alarm-initiating protected zone boards
shall be plug-in cards. Arrangements that require removal of field wiring for
module replacement are unacceptable.

D. Comply with UL 1076.

E. Console Controls and Displays: Arranged for interface between human operator
at master control unit and addressable system components including
annunciation and supervision. Display alarm, supervisory, and component
status messages and the programming and control menu.

1. Annunciator and Display: LCD, three line(s) of 80 characters, minimum.

2. Keypad: Arranged to permit entry and execution of programming, display,
and control commands.

3. Control-Unit Network: Automatic communication of alarm, status changes,
commands, and other communications required for system operation.
Communication shall return to normal after partial or total network
interruption such as power loss or transient event. Total or partial signaling
network failures shall identify the failure and record the failure at the
annunciator display and at the system printer.

4. Field Device Network: Communicate between the control unit and field
devices of the system. Communications shall consist of alarm, network
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status, and status and control of field-mounted processors. Each field-
mounted device shall be interrogated during each interrogation cycle.

5. Operator Controls: Manual switches and push-to-test buttons that do not
require a key to operate. Prevent resetting of alarm, supervisory, or
trouble signals while alarm or trouble condition persists. Include the
following:

a. Acknowledge alarm.

b. Silence alarm.

c. System reset.

d. LED test.

6. Timing Unit: Solid state, programmable, 365 days.

7. Confirmation: Relays, contactors, and other control devices shall have
auxiliary contacts that provide confirmation signals to system for their on
or off status. Software shall interpret such signals, display equipment
status, and initiate failure signals.

8. Alarm Indication: Audible signal sounds and a plain-language identification
of the addressable detector originating the alarm appears on LED display
at master control unit. Annunciator panel alarm light and audible tone
identify protected zone signaling an alarm.

F. Protected Zones: Quantity of alarm and supervisory zones as indicated, with
capacity for expanding number of protected zones by a minimum of 25 percent.

G. Power Supply Circuits: Master control units shall provide power for remote
power-consuming detection devices. Circuit capacity shall be adequate for at
least a 25 percent increase in load.

H. UPS: Comply with Section 263353 "Static Uninterruptible Power Supply." UPS
shall be sized to provide a minimum of six hours of master control-unit
operation.

I. Cabinet: Lockable, steel enclosure arranged so operations required for testing,
normal operation, and maintenance are performed from front of enclosure. If
more than a single cabinet is required to form a complete control unit, provide
exactly matching modular enclosures. Accommodate all components and allow
ample gutter space for field wiring. Identify each enclosure by an engraved,
laminated, phenolic-resin nameplate. Lettering on enclosure nameplate shall
not be less than 1 inch (25 mm) high. Identify, with permanent labels, individual
components and modules within cabinets.

J. Transmission to Monitoring Station: A communications device to automatically
transmit alarm, supervisory, and trouble signals to the monitoring station,
operating over a standard voice grade telephone leased line. Comply with
UL 1635.
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K. Printout of Events: On receipt of signal, print alarm, supervisory, and trouble
events. Identify zone, device, and function. Include type of signal (alarm,
supervisory, or trouble) and date and time of occurrence. Differentiate alarm
signals from all other printed indications. Also print system reset event,
including same information for device, location, date, and time. Commands
initiate the printing of a list of existing alarm, supervisory, and trouble conditions
in the system and a historical log of events.

2.11 SECURITY FASTENERS

A. Operable only by tools produced for use on specific type of fastener by fastener
manufacturer or other licensed fabricator. Drive system type, head style,
material, and protective coating as required for assembly, installation, and
strength.

B. Manufacturers:  Subject to compliance with requirements, manufacturers
offering products that may be installed on project include, but are not limited to,
the following:

1. Acument Global Technologies
2. Safety Socket LLC
3. Tamper-Pruf Screws

C. Drive System Types: Pinned Torx-Plus or pinned hex (Allen).

D. Socket Flat Countersunk Head Fasteners:

1. Heat-treated alloy steel, ASTM F835 (ASTM F835M).

2. Stainless steel, ASTM F879 (ASTM F879M), Group 1 CW.

E. Socket Button Head Fasteners:

1. Heat-treated alloy steel, ASTM F835 (ASTM F835M).

2. Stainless steel, ASTM F879 (ASTM F879M), Group 1 CW.

F. Socket Head Cap Fasteners:

1. Heat-treated alloy steel, ASTM A574 (ASTM A574M).

2. Stainless steel, ASTM F837 (ASTM F837M), Group 1 CW.

G. Protective Coatings for Heat-Treated Alloy Steel:

1. Zinc chromate, ASTM F1135, Grade 3 or Grade 4, for exterior applications
and interior applications where indicated.

2. Zinc phosphate with oil, ASTM F1137, Grade I, or black oxide unless
otherwise indicated.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for
compliance with requirements for installation tolerances and other conditions
affecting performance of intrusion detection.

B. Examine roughing-in for embedded and built-in anchors to verify actual
locations of intrusion detection connections before intrusion detection
installation.

C. Prepare written report, endorsed by Installer, listing conditions detrimental to
performance of intrusion detection.

D. Inspect built-in and cast-in anchor installations, before installing intrusion
detection, to verify that anchor installations comply with requirements. Prepare
inspection reports.

1. Remove and replace anchors where inspections indicate that they do not
comply with requirements. Reinspect after repairs or replacements are
made.

2. Perform additional inspections to determine compliance of replaced or
additional anchor installations. Prepare inspection reports.

E. For material whose orientation is critical for its performance as a ballistic barrier,
verify installation orientation.

F. Proceed with installation only after unsatisfactory conditions have been
corrected.

3.2 SYSTEM INTEGRATION

A. Integrate intrusion detection system with the following systems and equipment:

1. Electronic door hardware.

2. Network lighting controls.

3. Intercommunications and program systems.

4. Access control.

5. Fire-alarm system.

6. Perimeter security system.

7. Video surveillance.

3.3 SYSTEM INSTALLATION

A. Comply with UL 681 and NFPA 731.

B. Equipment Mounting: Install master control unit on finished floor with tops of
cabinets not more than 72 inches (1830 mm) above the finished floor.
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C. Install wall-mounted equipment, with tops of cabinets not more than 72 inches
(1830 mm) above the finished floor.

D. Connecting to Existing Equipment: Verify that existing perimeter security
system is operational before making changes or connections.

1. Connect new equipment to existing control panel in existing part of the
building.

2. Connect new equipment to existing monitoring equipment at the
Supervising Station.

3. Expand, modify, and supplement existing [control] [monitoring]
equipment as necessary to extend existing [control] [monitoring]
functions to the new points. New components shall be capable of merging
with existing configuration without degrading the performance of either
system.

E. Security Fasteners: Where accessible to inmates, install intrusion detection
components using security fasteners with head style appropriate for fabrication
requirements, strength, and finish of adjacent materials except that a maximum
of two different sets of tools shall be required to operate security fasteners for
Project. Provide stainless-steel security fasteners in stainless-steel materials.

3.4 WIRING INSTALLATION

A. Wiring Method: Install wiring in metal raceways according to Section 270528
"Pathways for Communications Systems." Conceal raceway except in
unfinished spaces and as indicated. Minimum conduit size shall be 1/2 inch (13
mm). Control and data transmission wiring shall not share conduit with other
building wiring systems.

B. Wiring Method: Install wiring in metal raceways according to Section 270528
"Pathways for Communications Systems," except in accessible indoor ceiling
spaces and in interior hollow gypsum board partitions where cable may be
used. Conceal raceways and wiring except in unfinished spaces and as
indicated. Minimum conduit size shall be 1/2 inch (13 mm). Control and data
transmission wiring shall not share conduit with other building wiring systems.

C. Wiring Method: Cable, concealed in accessible ceilings, walls, and floors when
possible.

D. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points.
Use lacing bars and distribution spools. Separate power-limited and non-power-
limited conductors as recommended in writing by manufacturer. Install
conductors parallel with or at right angles to sides and back of enclosure.
Connect conductors that are terminated, spliced, or interrupted in any enclosure
associated with intrusion system to terminal blocks. Mark each terminal
according to system's wiring diagrams. Make all connections with approved
crimp-on terminal spade lugs, pressure-type terminal blocks, or plug
connectors.
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E. Wires and Cables:

1. Conductors: Size as recommended in writing by system manufacturer
unless otherwise indicated.

2. 120-V Power Wiring: Install according to Section 260519 "Wire and Cable
600 volts and below" unless otherwise indicated.

3. Control and Signal Transmission Conductors: Install unshielded, twisted-
pair cable unless otherwise indicated or if manufacturer recommends
shielded cable, according to Section 260519 " Wire and Cable 600 volts
and below."

4. Data and Television Signal Transmission Cables: Install according to
Section 260519 "Wire and Cable 600 volts and below."

F. Splices, Taps, and Terminations: Make connections only on numbered terminal
strips in junction, pull, and outlet boxes; terminal cabinets; and equipment
enclosures.

G. Install power supplies and other auxiliary components for detection devices at
control units unless otherwise indicated or required by manufacturer. Do not
install such items near devices they serve.

H. Identify components with engraved, laminated-plastic or metal nameplate for
master control unit and each terminal cabinet, mounted with corrosion-resistant
screws. Nameplates and label products are specified in Section 270553
"Identification for Communications Systems."

3.5 IDENTIFICATION

A. Identify system components, wiring, cabling, and terminals. Comply with
identification requirements in Section 270553 "Identification for Communications
Systems."

B. Install instructions frame in a location visible from master control unit.

3.6 GROUNDING

A. Ground the master control unit and associated circuits; comply with IEEE 1100.
Install a ground wire from main service ground to master control unit.

B. Ground system components and conductor and cable shields to eliminate
shock hazard and to minimize ground loops, common-mode returns, noise
pickup, cross talk, and other impairments.

C. Signal Ground Terminal: Locate at main equipment rack or cabinet. Isolate from
power system and equipment grounding. Provide 5-ohm ground. Measure,
record, and report ground resistance.

D. Install grounding electrodes of type, size, location, and quantity indicated.
Comply with installation requirements in Section 26 05 26 "Grounding".
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3.7 FIELD QUALITY CONTROL

A. Pretesting: After installation, align, adjust, and balance system and perform
complete pretesting to determine compliance of system with requirements in the
Contract Documents. Correct deficiencies observed in pretesting. Replace
malfunctioning or damaged items with new ones and retest until satisfactory
performance and conditions are achieved. Prepare forms for systematic
recording of acceptance test results.

1. Report of Pretesting: After pretesting is complete, provide a letter
certifying that installation is complete and fully operable; include names
and titles of witnesses to preliminary tests.

B. Testing Agency: Engage a qualified testing agency to perform tests and
inspections.

C. Manufacturer's Field Service: Engage a factory-authorized service
representative to inspect, test, and adjust components, assemblies, and
equipment installations, including connections.

D. Tests and Inspections: Comply with provisions in NFPA 731, Ch. 9, "Testing
and Inspections."

1. Inspection: Verify that units and controls are properly labeled and
interconnecting wires and terminals are identified.

2. Test Methods: Intrusion detection systems and other systems and
equipment that are associated with detection and accessory equipment
shall be tested according to Table "Test Methods" and Table "Test
Methods of Initiating Devices."

E. Documentation: Comply with provisions in NFPA 731, Ch. 4, "Documentation."

F. Tag all equipment, stations, and other components for which tests have been
satisfactorily completed.

3.8 ADJUSTING

A. Occupancy Adjustments: When requested within 12 months of date of
Substantial Completion, provide on-site assistance in adjusting system to suit
actual occupied conditions. Provide up to three visits to Project during other-
than-normal occupancy hours for this purpose. Visits for this purpose shall be in
addition to any required by warranty.

3.9 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's
maintenance personnel to adjust, operate, and maintain the intrusion detection
system. Comply with documentation provisions in NFPA 731, Ch. 4,
"Documentation and User Training."
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SECTION 28 46 21.11 

ADDRESSABLE FIRE-ALARM SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Fire-alarm control unit. 

2. Manual fire-alarm boxes. 

3. System smoke detectors. 

4. Air-sampling smoke detectors. 

5. Nonsystem smoke detectors. 

6. Heat detectors. 

7. Notification appliances. 

8. Device guards. 

9. Firefighters' two-way telephone communication service. 

10. Firefighters' smoke-control station. 

11. Magnetic door holders. 

12. Remote annunciator. 

13. Graphic annunciator. 

14. Addressable interface device. 

15. Digital alarm communicator transmitter. 

16. Radio alarm transmitter. 

17. Network communications. 

18. System printer. 

B. Related Requirements: 

1. Section 271500 "Communications Horizontal Cabling" for cables and 
conductors for fire-alarm systems. 
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1.3 DEFINITIONS 

A. EMT: Electrical Metallic Tubing. 

B. FACP: Fire Alarm Control Panel. 

C. HLI: High Level Interface. 

D. NICET: National Institute for Certification in Engineering Technologies. 

E. PC: Personal computer. 

F. VESDA: Very Early Smoke-Detection Apparatus. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product, including furnished options and 
accessories. 

1. Include construction details, material descriptions, dimensions, profiles, 
and finishes. 

2. Include rated capacities, operating characteristics, and electrical 
characteristics. 

B. Shop Drawings: For fire-alarm system. 

1. Comply with recommendations and requirements in the "Documentation" 
section of the "Fundamentals" chapter in NFPA 72. 

2. Include plans, elevations, sections, details, and attachments to other work. 

3. Include details of equipment assemblies. Indicate dimensions, weights, 
loads, required clearances, method of field assembly, components, and 
locations. Indicate conductor sizes, indicate termination locations and 
requirements, and distinguish between factory and field wiring. 

4. Detail assembly and support requirements. 

5. Include voltage drop calculations for notification-appliance circuits. 

6. Include battery-size calculations. 

7. Include input/output matrix. 

8. Include statement from manufacturer that all equipment and components 
have been tested as a system and meet all requirements in this 
Specification and in NFPA 72. 

9. Include performance parameters and installation details for each detector. 

10. Verify that each duct detector is listed for complete range of air velocity, 
temperature, and humidity possible when air-handling system is operating. 

11. Provide program report showing that air-sampling detector pipe layout 
balances pneumatically within the airflow range of the air-sampling 
detector. 
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12. Include plans, sections, and elevations of heating, ventilating, and air-
conditioning ducts, drawn to scale; coordinate location of duct smoke 
detectors and access to them. 

a. Show critical dimensions that relate to placement and support of 
sampling tubes, detector housing, and remote status and alarm 
indicators. 

b. Show field wiring required for HVAC unit shutdown on alarm. 

c. Show field wiring and equipment required for HVAC unit shutdown 
on alarm and override by firefighters' control system. 

d. Show field wiring and equipment required for HVAC unit shutdown 
on alarm and override by firefighters' smoke-evacuation system. 

e. Locate detectors according to manufacturer's written 
recommendations. 

f. Show air-sampling detector pipe routing. 

13. Include voice/alarm signaling-service equipment rack or console layout, 
grounding schematic, amplifier power calculation, and single-line 
connection diagram. 

14. Include floor plans to indicate final outlet locations showing address of 
each addressable device. Show size and route of cable and conduits and 
point-to-point wiring diagrams. 

C. General Submittal Requirements: 

1. Submittals shall be approved by authorities having jurisdiction prior to 
submitting them to Architect. 

2. Shop Drawings shall be prepared by persons with the following 
qualifications: 

a. Trained and certified by manufacturer in fire-alarm system design. 

b. NICET-certified, fire-alarm technician; Level IV minimum. 

c. Licensed or certified by authorities having jurisdiction. 

D. Delegated-Design Submittal: For notification appliances and smoke and heat 
detectors, in addition to submittals listed above, indicate compliance with 
performance requirements and design criteria, including analysis data signed 
and sealed by the qualified professional engineer responsible for their 
preparation. 

1. Drawings showing the location of each notification appliance and smoke 
and heat detector, ratings of each, and installation details as needed to 
comply with listing conditions of the device. 

2. Design Calculations: Calculate requirements for selecting the spacing and 
sensitivity of detection, complying with NFPA 72. Calculate spacing and 
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intensities for strobe signals and sound-pressure levels for audible 
appliances. 

3. Indicate audible appliances required to produce square wave signal per 
NFPA 72. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer. 

B. Field quality-control reports. 

1.6 Sample Warranty: For special warranty. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fire-alarm systems and components to 
include in emergency, operation, and maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and 
Maintenance Data," include the following and deliver copies to authorities 
having jurisdiction: 

a. Comply with the "Records" section of the "Inspection, Testing and 
Maintenance" chapter in NFPA 72. 

b. Provide "Fire Alarm and Emergency Communications System 
Record of Completion Documents" according to the "Completion 
Documents" Article in the "Documentation" section of the 
"Fundamentals" chapter in NFPA 72. 

c. Complete wiring diagrams showing connections between all devices 
and equipment. Each conductor shall be numbered at every junction 
point with indication of origination and termination points. 

d. Riser diagram. 

e. Device addresses. 

f. Air-sampling system sample port locations and modeling program 
report showing layout meets performance criteria. 

g. Record copy of site-specific software. 

h. Provide "Inspection and Testing Form" according to the "Inspection, 
Testing and Maintenance" chapter in NFPA 72, and include the 
following: 

1) Equipment tested. 

2) Frequency of testing of installed components. 

3) Frequency of inspection of installed components. 

4) Requirements and recommendations related to results of 
maintenance. 
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5) Manufacturer's user training manuals. 

i. Manufacturer's required maintenance related to system warranty 
requirements. 

j. Abbreviated operating instructions for mounting at fire-alarm control 
unit and each annunciator unit. 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 

2. Program Software Backup: On magnetic media or compact disk, complete 
with data files. 

3. Device address list. 

4. Printout of software application and graphic screens. 

1.8 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged 
with protective covering for storage and identified with labels describing 
contents. 

1. Lamps for Remote Indicating Lamp Units: Quantity equal to 10 percent of 
amount installed, but no fewer than one unit. 

2. Lamps for Strobe Units: Quantity equal to 10 percent of amount installed, 
but no fewer than one unit. 

3. Smoke Detectors, Fire Detectors: Quantity equal to 10 percent of amount 
of each type installed, but no fewer than one unit of each type. 

4. Detector Bases: Quantity equal to two percent of amount of each type 
installed, but no fewer than one unit of each type. 

5. Keys and Tools: One extra set for access to locked or tamperproofed 
components. 

6. Audible and Visual Notification Appliances: One of each type installed. 

7. Fuses: Two of each type installed in the system. Provide in a box or 
cabinet with compartments marked with fuse types and sizes. 

8. Filters for Air-Sampling Detectors: Quantity equal to two percent of 
amount of each type installed, but no fewer than one unit of each type. 

9. Air-Sampling Fan: Quantity equal to one for every five detectors, but no 
fewer than one unit of each type. 

1.9 QUALITY ASSURANCE 

A. Installer Qualifications: Personnel shall be trained and certified by manufacturer 
for installation of units required for this Project. 
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B. Installer Qualifications: Installation shall be by personnel certified by NICET as 
fire-alarm Level III technician. 

C. NFPA Certification: Obtain certification according to NFPA 72 by a UL-listed 
alarm company. 

1.10 PROJECT CONDITIONS 

A. Perform a full test of the existing system prior to starting work. Document any 
equipment or components not functioning as designed. 

B. Interruption of Existing Fire-Alarm Service: Do not interrupt fire-alarm service to 
facilities occupied by Owner or others unless permitted under the following 
conditions and then only after arranging to provide temporary guard service 
according to requirements indicated: 

1. Notify Owner no fewer than seven days in advance of proposed 
interruption of fire-alarm service. 

2. Do not proceed with interruption of fire-alarm service without Owner's 
written permission. 

C. Use of Devices during Construction: Protect devices during construction unless 
devices are placed in service to protect the facility during construction. 

1.11 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace fire-alarm system 
equipment and components that fail in materials or workmanship within 
specified warranty period. 

1. Warranty Extent: All equipment and components not covered in the 
Maintenance Service Agreement. 

2. Warranty Period: Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Source Limitations for Fire-Alarm System and Components: Components shall 
be compatible with, and operate as an extension of, existing system. Provide 
system manufacturer's certification that all components provided have been 
tested as, and will operate as, a system. 

B. Noncoded, UL-certified addressable system, with multiplexed signal 
transmission and voice/strobe evacuation. 

C. Automatic sensitivity control of certain smoke detectors. 

D. All components provided shall be listed for use with the selected system. 
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E. Electrical Components, Devices, and Accessories: Listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

2.2 SYSTEMS OPERATIONAL DESCRIPTION 

A. Fire-alarm signal initiation shall be by one or more of the following devices and 
systems: 

1. Manual stations. 

2. Heat detectors. 

3. Smoke detectors. 

4. Duct smoke detectors. 

5. Air-sampling smoke-detection system (VESDA). 

6. Carbon monoxide detectors. 

7. Combustible gas detectors. 

8. Automatic sprinkler system water flow. 

9. Preaction system. 

10. Fire-extinguishing system operation. 

11. Fire standpipe system. 

12. Dry system pressure flow switch. 

B. Fire-alarm signal shall initiate the following actions: 

1. Continuously operate alarm notification appliances, including voice 
evacuation notices. 

2. Identify alarm and specific initiating device at fire-alarm control 
unit, connected network control panels, off-premises network control 
panels, and remote annunciators. 

3. Transmit an alarm signal to the remote alarm receiving station. 

4. Unlock electric door locks in designated egress paths. 

5. Release fire and smoke doors held open by magnetic door holders. 

6. Activate voice/alarm communication system. 

7. Switch heating, ventilating, and air-conditioning equipment controls to fire-
alarm mode. 

8. Activate smoke-control system (smoke management) at firefighters' 
smoke-control system panel. 

9. Close smoke dampers in air ducts of designated air-conditioning duct 
systems. 
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10. Activate preaction system. 

11. Activate emergency lighting control. 

12. Activate emergency shutoffs for gas and fuel supplies. 

13. Record events in the system memory. 

14. Record events by the system printer. 

15. Indicate device in alarm on the graphic annunciator. 

C. Supervisory signal initiation shall be by one or more of the following devices 
and actions: 

1. Valve supervisory switch. 

2. High- or low-air-pressure switch of a dry-pipe or preaction sprinkler 
system. 

3. Alert and Action signals of air-sampling detector system. 

4. Independent fire-detection and -suppression systems. 

5. User disabling of zones or individual devices. 

6. Loss of communication with any panel on the network. 

D. System trouble signal initiation shall be by one or more of the following devices 
and actions: 

1. Open circuits, shorts, and grounds in designated circuits. 

2. Opening, tampering with, or removing alarm-initiating and supervisory 
signal-initiating devices. 

3. Loss of communication with any addressable sensor, input module, relay, 
control module, remote annunciator, printer interface, or Ethernet module. 

4. Loss of primary power at fire-alarm control unit. 

5. Ground or a single break in internal circuits of fire-alarm control unit. 

6. Abnormal ac voltage at fire-alarm control unit. 

7. Break in standby battery circuitry. 

8. Failure of battery charging. 

9. Abnormal position of any switch at fire-alarm control unit or annunciator. 

10. Voice signal amplifier failure. 

E. System Supervisory Signal Actions: 

1. Initiate notification appliances. 

2. Identify specific device initiating the event at fire-alarm control 
unit, connected network control panels, off-premises network control 
panels, and remote annunciators. 
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3. Record the event on system printer. 

4. After a time delay of 200 seconds, transmit a trouble or supervisory signal 
to the remote alarm receiving station. 

5. Transmit system status to building management system. 

6. Display system status on graphic annunciator. 

2.3 FIRE-ALARM CONTROL UNIT 

A. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed on project include, but are not limited to, 
the following: 
1. Bosch Security Systems, Inc. 
2. Simplex Grinnell 
3. United Technologies Corporation 

B. General Requirements for Fire-Alarm Control Unit: 

1. Field-programmable, microprocessor-based, modular, power-limited 
design with electronic modules, complying with UL 864. 

a. System software and programs shall be held in nonvolatile flash, 
electrically erasable, programmable, read-only memory, retaining the 
information through failure of primary and secondary power supplies. 

b. Include a real-time clock for time annotation of events on the event 
recorder and printer. 

c. Provide communication between the FACP and remote circuit 
interface panels, annunciators, and displays. 

d. The FACP shall be listed for connection to a central-station signaling 
system service. 

e. Provide nonvolatile memory for system database, logic, and 
operating system and event history. The system shall require no 
manual input to initialize in the event of a complete power down 
condition. The FACP shall provide a minimum 500-event history log. 

2. Addressable Initiation Device Circuits: The FACP shall indicate which 
communication zones have been silenced and shall provide selective 
silencing of alarm notification appliance by building communication zone. 

3. Addressable Control Circuits for Operation of Notification Appliances and 
Mechanical Equipment: The FACP shall be listed for releasing service. 

C. Alphanumeric Display and System Controls: Arranged for interface between 
human operator at fire-alarm control unit and addressable system components 
including annunciation and supervision. Display alarm, supervisory, and 
component status messages and the programming and control menu. 
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1. Annunciator and Display: Liquid-crystal type, three line(s) 80 characters, 
minimum. 

2. Keypad: Arranged to permit entry and execution of programming, display, 
and control commands and to indicate control commands to be entered 
into the system for control of smoke-detector sensitivity and other 
parameters. 

D. Initiating-Device, Notification-Appliance, and Signaling-Line Circuits: 

1. Pathway Class Designations: NFPA 72, Class A. 

2. Pathway Survivability: Level 1. 

3. Install no more than 50 addressable devices on each signaling-line circuit. 

4. Serial Interfaces: 

a. One dedicated RS 485 port for central-station operation using point 
ID DACT. 

b. One RS 485 port for remote annunciators, Ethernet module, or multi-
interface module (printer port). 

c. One RS 232 port for PC configuration. 

d. One RS 232 port for VESDA HLI connection. 

e. One RS 232 port for voice evacuation interface. 

E. Smoke-Alarm Verification: 

1. Initiate audible and visible indication of an "alarm-verification" signal at 
fire-alarm control unit. 

2. Activate an approved "alarm-verification" sequence at fire-alarm control 
unit and detector. 

3. Record events by the system printer. 

4. Sound general alarm if the alarm is verified. 

5. Cancel fire-alarm control unit indication and system reset if the alarm is 
not verified. 

F. Notification-Appliance Circuit: 

1. Audible appliances shall sound in a three-pulse temporal pattern, as 
defined in NFPA 72. 

2. Where notification appliances provide signals to sleeping areas, the alarm 
signal shall be a 520-Hz square wave with an intensity 15 dB above the 
average ambient sound level or 5 dB above the maximum sound level, or 
at least 75 dBA, whichever is greater, measured at the pillow. 

3. Visual alarm appliances shall flash in synchronization where multiple 
appliances are in the same field of view, as defined in NFPA 72. 
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G. Door Controls: Door hold-open devices that are controlled by smoke detectors 
at doors in smoke-barrier walls shall be connected to fire-alarm system. 

H. Remote Smoke-Detector Sensitivity Adjustment: Controls shall select specific 
addressable smoke detectors for adjustment, display their current status and 
sensitivity settings, and change those settings. Allow controls to be used to 
program repetitive, time-scheduled, and automated changes in sensitivity of 
specific detector groups. Record sensitivity adjustments and sensitivity-
adjustment schedule changes in system memory, and print out the final 
adjusted values on system printer. 

I. Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, 
supervisory, and trouble signals to a remote alarm station. 

J. Voice/Alarm Signaling Service: Central emergency communication system with 
redundant microphones, preamplifiers, amplifiers, and tone generators provided 
as a special module that is part of fire-alarm control unit. 

1. Indicate number of alarm channels for automatic, simultaneous 
transmission of different announcements to different zones or for manual 
transmission of announcements by use of the central-control microphone. 
Amplifiers shall comply with UL 1711. 

a. Allow the application of, and evacuation signal to, indicated number 
of zones and, at the same time, allow voice paging to the other 
zones selectively or in any combination. 

b. Programmable tone and message sequence selection. 

c. Standard digitally recorded messages for "Evacuation" and "All 
Clear." 

d. Generate tones to be sequenced with audio messages of type 
recommended by NFPA 72 and that are compatible with tone 
patterns of notification-appliance circuits of fire-alarm control unit. 

2. Status Annunciator: Indicate the status of various voice/alarm speaker 
zones and the status of firefighters' two-way telephone communication 
zones. 

3. Preamplifiers, amplifiers, and tone generators shall automatically transfer 
to backup units, on primary equipment failure. 

K. Printout of Events: On receipt of signal, print alarm, supervisory, and trouble 
events. Identify zone, device, and function. Include type of signal (alarm, 
supervisory, or trouble) and date and time of occurrence. Differentiate alarm 
signals from all other printed indications. Also, print system reset event, 
including same information for device, location, date, and time. Commands 
initiate the printing of a list of existing alarm, supervisory, and trouble conditions 
in the system and a historical log of events. 

L. Primary Power: 24-V dc obtained from 120-V ac service and a power-supply 
module. Initiating devices, notification appliances, signaling lines, trouble 
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signals, supervisory and digital alarm communicator transmitters and digital 
alarm radio transmitters shall be powered by 24-V dc source. 

1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent 
of the power-supply module rating. 

M. Secondary Power: 24-V dc supply system with batteries, automatic battery 
charger, and automatic transfer switch. 

1. Batteries: Sealed lead calcium. 

N. Instructions: Computer printout or typewritten instruction card mounted behind a 
plastic or glass cover in a stainless-steel or aluminum frame. Include 
interpretation and describe appropriate response for displays and signals. 
Briefly describe the functional operation of the system under normal, alarm, and 
trouble conditions. 

2.4 MANUAL FIRE-ALARM BOXES 

A. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed on project include, but are not limited to, 
the following: 
1. Bosch Security Systems, Inc. 
2. Simplex Grinnell 
3. United Technologies Corporation 

B. General Requirements for Manual Fire-Alarm Boxes: Comply with UL 38. Boxes 
shall be finished in red with molded, raised-letter operating instructions in 
contrasting color; shall show visible indication of operation; and shall be 
mounted on recessed outlet box. If indicated as surface mounted, provide 
manufacturer's surface back box. 

1. Single-action mechanism, pull-lever type; with integral addressable 
module arranged to communicate manual-station status (normal, alarm, or 
trouble) to fire-alarm control unit. 

2. Station Reset: Key- or wrench-operated switch. 

3. Weatherproof Protective Shield: Factory-fabricated, clear plastic enclosure 
hinged at the top to permit lifting for access to initiate an alarm. 

2.5 SYSTEM SMOKE DETECTORS 

A. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed on project include, but are not limited to, 
the following: 
1. Bosch Security Systems, Inc. 
2. Simplex Grinnell 
3. United Technologies Corporation 

B. General Requirements for System Smoke Detectors: 
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1. Comply with UL 268; operating at 24-V dc, nominal. 

2. Detectors shall be four-wire type. 

3. Integral Addressable Module: Arranged to communicate detector status 
(normal, alarm, or trouble) to fire-alarm control unit. 

4. Base Mounting: Detector and associated electronic components shall be 
mounted in a twist-lock module that connects to a fixed base. Provide 
terminals in the fixed base for connection to building wiring. 

5. Self-Restoring: Detectors do not require resetting or readjustment after 
actuation to restore them to normal operation. 

6. Integral Visual-Indicating Light: LED type, indicating detector has 
operated and power-on status. 

a. Rate-of-rise temperature characteristic of combination smoke- and 
heat-detection units shall be selectable at fire-alarm control unit for 
15 or 20 deg F (8 or 11 deg C) per minute. 

b. Fixed-temperature sensing characteristic of combination smoke- and 
heat-detection units shall be independent of rate-of-rise sensing and 
shall be settable at fire-alarm control unit to operate at 135 or 155 
deg F (57 or 68 deg C). 

c. Multiple levels of detection sensitivity for each sensor. 

d. Sensitivity levels based on time of day. 

C. Photoelectric Smoke Detectors: 

1. Detector address shall be accessible from fire-alarm control unit and shall 
be able to identify the detector's location within the system and its 
sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, 
shall be able to manually access the following for each detector: 

a. Primary status. 

b. Device type. 

c. Present average value. 

d. Present sensitivity selected. 

e. Sensor range (normal, dirty, etc.). 

D. Duct Smoke Detectors: Photoelectric type complying with UL 268A. 

1. Detector address shall be accessible from fire-alarm control unit and shall 
be able to identify the detector's location within the system and its 
sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, 
shall be able to manually access the following for each detector: 
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a. Primary status. 

b. Device type. 

c. Present average value. 

d. Present sensitivity selected. 

e. Sensor range (normal, dirty, etc.). 

3. Weatherproof Duct Housing Enclosure: NEMA 250, Type 4X; NRTL listed 
for use with the supplied detector for smoke detection in HVAC system 
ducts. 

4. Each sensor shall have multiple levels of detection sensitivity. 

5. Sampling Tubes: Design and dimensions as recommended by 
manufacturer for specific duct size, air velocity, and installation conditions 
where applied. 

6. Relay Fan Shutdown: Fully programmable relay rated to interrupt fan 
motor-control circuit. 

2.6 PROJECTED BEAM SMOKE DETECTORS 

A. Projected Beam Light Source and Receiver: Designed to accommodate small 
angular movements and continue to operate and not cause nuisance alarms. 

B. Detector Address: Accessible from fire-alarm control unit and able to identify the 
detector's location within the system and its sensitivity setting. 

C. An operator at fire-alarm control unit, having the designated access level, shall 
be able to manually access the following for each detector: 

1. Primary status. 

2. Device type. 

3. Present average value. 

4. Present sensitivity selected. 

5. Sensor range (normal, dirty, etc.). 

2.7 CARBON MONOXIDE DETECTORS 

A. General: Carbon monoxide detector listed for connection to fire-alarm system. 

1. Mounting: Adapter plate for outlet box mounting. 

2. Testable by introducing test carbon monoxide into the sensing cell. 

3. Detector shall provide alarm contacts and trouble contacts. 

4. Detector shall send trouble alarm when nearing end-of-life, power supply 
problems, or internal faults. 

5. Comply with UL 2075. 
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6. Locate, mount, and wire according to manufacturer's written instructions. 

7. Provide means for addressable connection to fire-alarm system. 

8. Test button simulates an alarm condition. 

2.8 MULTICRITERIA DETECTORS 

A. Mounting: Twist-lock base interchangeable with smoke-detector bases. 

B. Integral Addressable Module: Arranged to communicate detector status 
(normal, alarm, or trouble) to fire-alarm control unit. 

C. Automatically adjusts its sensitivity by means of drift compensation and 
smoothing algorithms. The detector shall send trouble alarm if it is incapable of 
compensating for existing conditions. 

D. Test button tests all sensors in the detector. 

E. An operator at fire-alarm control unit, having the designated access level, shall 
be able to manually access the following for each detector: 

1. Primary status. 

2. Device type. 

3. Present sensitivity selected. 

4. Sensor range (normal, dirty, etc.). 

F. Sensors: The detector shall be comprised of four sensing elements including a 
smoke sensor, a carbon monoxide sensor, an infrared sensor, and a heat 
sensor. 

1. Smoke sensor shall be photoelectric type as described in "System Smoke 
Detectors" Article. 

2. Carbon monoxide sensor shall be as described in "Carbon Monoxide 
Detectors" Article. 

3. Heat sensor shall be as described in "Heat Detectors" Article. 

4. Each sensor shall be separately listed according to requirements for its 
detector type. 

2.9 NONSYSTEM SMOKE DETECTORS 

A. General Requirements for Nonsystem Smoke Detectors: 

1. Nonsystem smoke detectors shall be listed as compatible with the fire-
alarm equipment installed or shall have a contact closure interface listed 
for the connected load. 

2. Nonsystem smoke detectors shall meet the monitoring for integrity 
requirements in NFPA 72. 

B. Single-Station Smoke Detectors: 
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1. Comply with UL 217; suitable for NFPA 101, residential occupancies; 
operating at 120-V ac with 9-V dc battery as the secondary power source. 
Provide with "low" or "missing" battery chirping-sound device. 

2. Auxiliary Relays: One Form A and one Form C, both rated at 0.5 A. 

3. Audible Notification Appliance: Piezoelectric sounder rated at 90 dBA at 
10 feet (3 m) according to UL 464. 

4. Visible Notification Appliance: 177-cd strobe. 

5. Heat sensor, 135 deg F (57 deg C) combination rate-of-rise and fixed 
temperature. 

6. Test Switch: Push to test; simulates smoke at rated obscuration. 

7. Tandem Connection: Allow tandem connection of number of indicated 
detectors; alarm on one detector shall actuate notification on all connected 
detectors. 

8. Plug-in Arrangement: Detector and associated electronic components 
shall be mounted in a plug-in module that connects to a fixed base. 
Provide terminals in the fixed base for connection to building wiring. 

9. Self-Restoring: Detectors shall not require resetting or readjustment after 
actuation to restore them to normal operation. 

10. Integral Visual-Indicating Light: LED type, indicating detector has 
operated and power-on status. 

C. Single-Station Duct Smoke Detectors: 

1. Comply with UL 268A; operating at 120-V ac. 

2. Sensor: LED or infrared light source with matching silicon-cell receiver. 

a. Detector Sensitivity: Smoke obscuration between 2.5 and 3.5 
percent/foot (0.008 and 0.011 percent/mm) when tested according to 
UL 268A. 

3. Base Mounting: Detector and associated electronic components shall be 
mounted in a twist-lock module that connects to a fixed base. The fixed 
base shall be designed for mounting directly to air duct. Provide terminals 
in the fixed base for connection to building wiring. 

a. Weatherproof Duct Housing Enclosure: NEMA 250, Type 4X; listed 
for use with the supplied detector. 

4. Sampling Tubes: Design and dimensions as recommended by 
manufacturer for specific duct size, air velocity, and installation conditions 
where applied. 

5. Relay Fan Shutdown: Rated to interrupt fan motor-control circuit. 
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2.10 HEAT DETECTORS 

A. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed on project include, but are not limited to, 
the following: 
1. Bosch Security Systems, Inc. 
2. Simplex Grinnell 
3. United Technologies Corporation 

B. General Requirements for Heat Detectors: Comply with UL 521. 

1. Temperature sensors shall test for and communicate the sensitivity range 
of the device. 

C. Heat Detector, Combination Type: Actuated by either a fixed temperature of 
135 deg F (57 deg C) or a rate of rise that exceeds 15 deg F (8 deg C) per 
minute unless otherwise indicated. 

1. Mounting: Twist-lock base interchangeable with smoke-detector bases. 

2. Integral Addressable Module: Arranged to communicate detector status 
(normal, alarm, or trouble) to fire-alarm control unit. 

D. Heat Detector, Fixed-Temperature Type: Actuated by temperature that exceeds 
a fixed temperature of 190 deg F (88 deg C). 

1. Mounting: Twist-lock base interchangeable with smoke-detector bases. 

2. Integral Addressable Module: Arranged to communicate detector status 
(normal, alarm, or trouble) to fire-alarm control unit. 

E. Continuous Linear Heat-Detector System: 

1. Detector Cable: Rated detection temperature 155 deg F (68 deg C). Listed 
for "regular" service and a standard environment. Cable includes two steel 
actuator wires twisted together with spring pressure, wrapped with 
protective tape, and finished with PVC outer sheath. Each actuator wire is 
insulated with heat-sensitive material that reacts with heat to allow the 
cable twist pressure to short circuit wires at the location of elevated 
temperature. 

2. Control Unit: Two-zone or multizone unit as indicated. Provide same 
system power supply, supervision, and alarm features as specified for fire-
alarm control unit. 

3. Signals to Fire-Alarm Control Unit: Any type of local system trouble shall 
be reported to fire-alarm control unit as a composite "trouble" signal. 
Alarms on each detection zone shall be individually reported to central 
fire-alarm control unit as separately identified zones. 

4. Integral Addressable Module: Arranged to communicate detector status 
(normal, alarm, or trouble) to fire-alarm control unit. 
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2.11 AIR-SAMPLING SMOKE DETECTOR 

A. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed on project include, but are not limited to, 
the following: 
1. Fike Corporation 
2. Ansul by Johnson Controls 

B. General Description: 

1. Air-sampling smoke detector shall be laser based using a piping system 
and a fan to transport the particles of combustion to the detector. 

2. Provide two levels of alarm from each zone covered by the detector and 
two supervisory levels of alarm from each detector. 

3. The air being sampled shall pass through filters to remove dust 
particulates greater than 20 microns before entering the detection 
chamber. 

4. Detectors shall have the capability via RS 485 to connect up to 100 
detectors in a network. 

5. Detectors shall communicate with the fire-alarm control unit via 
addressable, monitored dry contact closures, RS 485, and interface 
modules. Provide a minimum of six relays, individually programmable 
remotely for any function. 

6. Pipe airflow balancing calculations shall be performed using approved 
calculation software. 

C. Detector: 

1. Detector, Filter, Aspirator, and Relays: Housed in a mounting box and 
arranged in such a way that air is drawn from the detection area and a 
sample passed through the dual-stage filter and detector by the aspirator. 

2. Obscuration Sensitivity Range: 0.005 - 6 percent obs/ft.. 

3. Four independent, field-programmable, smoke-alarm thresholds per 
sensor pipe and a programmable scan time delay. The threshold set 
points shall be programmable. 

a. The four alarm thresholds may be used as follows: 

1) Alarm Level 1 (Alert): Activate a visual and an audible 
supervisory alarm. 

2) Alarm Level 2 (Action): Activate shutdown of electrical/HVAC 
equipment and activate a visual and an audible supervisory 
alarm. 

3) Alarm Level 3 (Fire 1): Activate building alarm systems and 
initiate call to fire response unit. 



WHCRWA ADDRESSABLE FIRE-ALARM 

CENTRAL PUMP STATION SYSTEMS 

 

WHCRWA CENTRAL PUMP STATION 
ADDRESSABLE FIRE-ALARM SYSTEMS 

28 46 21.11 - 19 OF 32 

 

 

4) Alarm Level 4 (Fire 2): Activate suppression system or other 
countermeasures. 

b. Final Detection System Settings: Approved by Engineer. 

c. Initial Detection Alarm Settings: 

1) Alarm Level 1 (Alert): 0.08 percent obs/ft.. 

2) Alarm Level 2 (Action): 1.0 percent obs/ft.. 

3) Alarm Level 3 (Fire 1): 2.0 percent obs/ft.. 

4) Alarm Level 4 (Fire 2): 4.0 percent obs/ft.. 

4. Power Supply: 

a. Regulated 24-V dc, monitored by the fire-alarm control unit, with 
battery backup. 

b. Battery backup shall provide 24 hours' standby, followed by 30 
minutes at maximum connected load. 

5. Detector shall also transmit the following faults: 

a. Detector. 

b. Airflow. 

c. Filter. 

d. System. 

e. Zone. 

f. Network. 

g. Power. 

6. Provide four in-line sample pipe inlets that shall contain a flow sensor for 
each pipe inlet. The detector shall be capable of identifying the pipe from 
which smoke was detected. 

7. Aspirator: Air pump capable of allowing for multiple sampling pipe runs up 
to 650 feet (200 m) in total, (four pipe runs per detector) with a transport 
time of less than 120 seconds from the farthest sample port. 

8. Air-Sampling Flow Rates Outside Manufacturer's Specified Range: Result 
in a trouble alarm. 

9. Provide software-programmable relays rated at 2 A at 30-V dc for alarm 
and fault conditions. 

10. Provide built-in event and smoke logging; store smoke levels, alarm 
conditions, operator actions, and faults with date and time of each event. 
Each detector (zone) shall be capable of storing up to 18,000 events. 
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11. Urgent and Minor Faults. Minor faults shall be designated as trouble 
alarms. Urgent faults, which indicate the unit may not be able to detect 
smoke, shall be designated as supervisory alarms. 

D. Displays: 

1. Include display module within each detector. 

2. Each display shall provide the following features at a minimum: 

a. A bar-graph display. 

b. Four independent, high-intensity alarm indicators (Alert, Action, 
Fire 1, and Fire 2), corresponding to the four alarm thresholds of the 
indicated sector. 

c. Alarm threshold indicators for Alert, Action, and Fire 1. 

d. LED indication that the first alarm sector is established. 

e. Detector fault and airflow fault indicators. 

f. LED indicators shall be provided for faults originating in the particular 
zone (Zone Fault), faults produced by the overall smoke-detection 
system, and faults resulting from network wiring errors (Network 
Fault). 

g. Minor and urgent LED fault indicators. 

E. Sampling Tubes: 

1. Smooth bore with a nominal 1-inch (25-mm) OD and a 7/8-inch (21-mm) 
ID. Sampling pipe with between 5/8- and 1-inch (15- and 25-mm) ID can 
be used in specifically approved locations when recommended by 
manufacturer. 

2. Pipe Material: CPVC and complying with UL 1887, "Safety Fire Test of 
Plastic Sprinkler Pipe for Visible Flame and Smoke Characteristics." 

3. Joints in the sampling pipe shall be airtight. Use solvent cement approved 
by the pipe manufacturer on all joints except at entry to the detector. 

4. Identify piping with labels reading: "Aspirating Smoke Detector Pipe - Do 
Not Paint or Disturb" along its entire length at regular intervals according 
to NFPA 72. 

5. Support pipes at not more than 60-inch (1520-mm) centers. 

6. Fit end of each trunk or branch pipe with an end cap and drilled with a 
hole appropriately sized to achieve the performance as specified and as 
calculated by the system design. 

F. Sampling Holes: 

1. Sampling holes of 5/64 inch (2 mm), or other sized holes per 
manufacturer's written instructions, shall be separated by not more than 
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the maximum distance allowable for conventional smoke detectors. 
Intervals may vary according to calculations. 

2. Follow manufacturer's written recommendations to determine the number 
and spacing of sampling points and the distance from sampling points to 
ceiling or roof structure and to forced ventilation systems. 

3. Each sampling point shall be identified by an applied decal. 

2.12 NOTIFICATION APPLIANCES 

A. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed on project include, but are not limited to, 
the following: 
1. Bosch Security Systems, Inc. 
2. Simplex Grinnell 
3. United Technologies Corporation 

B. General Requirements for Notification Appliances: Individually addressed, 
connected to a signaling-line circuit, equipped for mounting as indicated, and 
with screw terminals for system connections. 

1. Combination Devices: Factory-integrated audible and visible devices in a 
single-mounting assembly, equipped for mounting as indicated, and with 
screw terminals for system connections. 

C. Visible Notification Appliances: Xenon strobe lights complying with UL 1971, 
with clear or nominal white polycarbonate lens mounted on an aluminum 
faceplate. The word "FIRE" is engraved in minimum 1-inch- (25-mm-) high 
letters on the lens. 

1. Rated Light Output: 

a. 15/30/75/110 cd, selectable in the field. 

2. Mounting: Wall mounted unless otherwise indicated. 

3. For units with guards to prevent physical damage, light output ratings shall 
be determined with guards in place. 

4. Flashing shall be in a temporal pattern, synchronized with other units. 

5. Strobe Leads: Factory connected to screw terminals. 

6. Mounting Faceplate: Factory finished, red. 

D. Voice/Tone Notification Appliances: 

1. Comply with UL 1480. 

2. Speakers for Voice Notification: Locate speakers for voice notification to 
provide the intelligibility requirements of the "Notification Appliances" and 
"Emergency Communications Systems" chapters in NFPA 72. 

3. High-Range Units: Rated 2 to 15 W. 
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4. Low-Range Units: Rated 1 to 2 W. 

5. Mounting: semirecessed or surface mounted and bidirectional. 

6. Matching Transformers: Tap range matched to acoustical environment of 
speaker location. 

E. Exit Marking Audible Notification Appliance: 

1. Exit marking audible notification appliances shall meet the audibility 
requirements in NFPA 72. 

2. Provide exit marking audible notification appliances at the entrance to all 
building exits. 

3. Provide exit marking audible notification appliances at the entrance to 
areas of refuge with audible signals distinct from those used for building 
exit marking. 

2.13 FIREFIGHTERS' TWO-WAY TELEPHONE COMMUNICATION SERVICE 

A. Dedicated, two-way, supervised, telephone voice communication links between 
fire-alarm control unit and remote firefighters' telephone stations. Supervised 
telephone lines shall be connected to talk circuits by controls in a control 
module. Provide the following: 

1. Selective-talk type for use by firefighters and fire wardens. 

2. Controls to disconnect phones from talk circuits if too many phones are in 
use simultaneously. An indicator lamp shall flash if a phone is 
disconnected from the talk circuits. 

3. Addressable firefighters' phone modules to monitor and control a loop of 
firefighter phones. Module shall be capable of differentiating between 
normal, off-hook, and trouble conditions. 

4. Audible Pulse and Tone Generator, and High-Intensity Lamp: When a 
remote telephone is taken off the hook, it causes an audible signal to 
sound and a high-intensity lamp to flash at the fire-alarm control unit. 

5. Selector panel controls to provide for simultaneous operation of up to six 
telephones in selected zones. Indicate ground faults and open or shorted 
telephone lines on the panel front by individual LEDs. 

6. Display: digital to indicate location of caller. 

7. Remote Telephone Cabinet: Flush- or surface-mounted cabinet as 
indicated, factory-standard red finish, with handset. 

a. Install one-piece handset to cabinet with vandal-resistant armored 
cord. Silk-screened or engraved label on cabinet door, 
designating "Fire Warden Phone" or "Fire Emergency Phone." 

b. With "break-glass" type door access lock. 
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8. Remote Telephone Jack Stations: Single-gang, stainless-steel-plate 
mounted plug, engraved "Fire Warden Phone" or "Fire Emergency 
Phone." 

9. Handsets: 2 push-to-talk-type sets with noise-canceling microphone 
stored in a cabinet adjacent to fire-alarm control unit. 

2.14 FIREFIGHTERS' SMOKE-CONTROL SYSTEM 

A. Initiate Smoke-Management Sequence of Operation: 

1. Comply with sequence of operation as described in Section 230993 
"Sequence of Operations for HVAC Controls."  

2. Fire-alarm system shall provide all interfaces and control points required 
to properly activate smoke-management systems. 

3. First fire-alarm system initiating device to go into alarm condition shall 
activate the smoke-control functions. 

4. Subsequent devices going into alarm condition shall have no effect on the 
smoke-control mode. 

B. Addressable Relay Modules: 

1. Provide address-setting means on the module. Store an internal 
identifying code for control panel use to identify the module type. 

2. Allow the control panel to switch the relay contacts on command. 

3. Have a minimum of two normally open and two normally closed contacts 
available for field wiring. 

4. Listed for controlling HVAC fan motor controllers. 

2.15 MAGNETIC DOOR HOLDERS 

A. Description: Units are equipped for wall or floor mounting as indicated and are 
complete with matching doorplate. 

1. Electromagnets: Require no more than 3 W to develop 25-lbf (111-N) 
holding force. 

2. Wall-Mounted Units: Flush mounted unless otherwise indicated. 

3. Rating: 24-V ac or dc. 

B. Material and Finish: Match door hardware. 

2.16 GRAPHIC ANNUNCIATOR 

A. Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be installed on project include, but are not limited to, 
the following: 
1. Bosch Security Systems, Inc. 
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2. Simplex Grinnell 
3. United Technologies Corporation 

B. Graphic Annunciator Panel: Mounted in an aluminum frame with nonglare, 
minimum 3/16-inch- (4.76-mm-) thick, clear acrylic cover over graphic 
representation of the facility. Detector locations shall be represented by red 
LED lamps. Normal system operation shall be indicated by a lighted, green 
LED. Trouble and supervisory alarms shall be represented by an amber LED. 

1. Comply with UL 864. 

2. Operating voltage shall be 24-V dc provided by a local 24-V power supply 
provided with the annunciator. 

3. Include built-in voltage regulation, reverse polarity protection, RS 232/422 
serial communications, and a lamp test switch. 

4. Semiflush mounted in a NEMA 250, Type 1 cabinet, with key lock and no 
exposed screws or hinges. 

5. Graphic representation of the facility shall be a CAD drawing and each 
detector shall be represented by an LED in its actual location. CAD 
drawing shall be at 1/8-inch per foot (10-mm per meter) scale or larger. 

6. The LED representing a detector shall flash two times per second while 
detector is an alarm. 

2.17 REMOTE ANNUNCIATOR 

A. Description: Annunciator functions shall match those of fire-alarm control unit 
for alarm, supervisory, and trouble indications. Manual switching functions shall 
match those of fire-alarm control unit, including acknowledging, silencing, 
resetting, and testing. 

1. Mounting: Flush cabinet, NEMA 250, Type 1. 

B. Display Type and Functional Performance: Alphanumeric display and LED 
indicating lights shall match those of fire-alarm control unit. Provide controls to 
acknowledge, silence, reset, and test functions for alarm, supervisory, and 
trouble signals. 

2.18 ADDRESSABLE INTERFACE DEVICE 

A. General: 

1. Include address-setting means on the module. 

2. Store an internal identifying code for control panel use to identify the 
module type. 

3. Listed for controlling HVAC fan motor controllers. 

B. Monitor Module: Microelectronic module providing a system address for alarm-
initiating devices for wired applications with normally open contacts. 

C. Control Module: 
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1. Operate notification devices. 

2. Operate solenoids for use in sprinkler service. 

2.19 DIGITAL ALARM COMMUNICATOR TRANSMITTER 

A. Digital alarm communicator transmitter shall be acceptable to the remote 
central station and shall comply with UL 632. 

B. Functional Performance: Unit shall receive an alarm, supervisory, or trouble 
signal from fire-alarm control unit and automatically capture two telephone 
line(s) and dial a preset number for a remote central station. When contact is 
made with central station(s), signals shall be transmitted. If service on either 
line is interrupted for longer than 45 seconds, transmitter shall initiate a local 
trouble signal and transmit the signal indicating loss of telephone line to the 
remote alarm receiving station over the remaining line. Transmitter shall 
automatically report telephone service restoration to the central station. If 
service is lost on both telephone lines, transmitter shall initiate the local trouble 
signal. 

C. Local functions and display at the digital alarm communicator transmitter shall 
include the following: 

1. Verification that both telephone lines are available. 

2. Programming device. 

3. LED display. 

4. Manual test report function and manual transmission clear indication. 

5. Communications failure with the central station or fire-alarm control unit. 

D. Digital data transmission shall include the following: 

1. Address of the alarm-initiating device. 

2. Address of the supervisory signal. 

3. Address of the trouble-initiating device. 

4. Loss of ac supply. 

5. Loss of power. 

6. Low battery. 

7. Abnormal test signal. 

8. Communication bus failure. 

E. Secondary Power: Integral rechargeable battery and automatic charger. 

F. Self-Test: Conducted automatically every 24 hours with report transmitted to 
central station. 
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2.20 RADIO ALARM TRANSMITTER 

A. Transmitter shall comply with NFPA 1221 and 47 CFR 90. 

B. Description: Manufacturer's standard commercial product; factory assembled, 
wired, and tested; ready for installation and operation. 

1. Packaging: A single, modular, NEMA 250, Type 1 metal enclosure with a 
tamper-resistant flush tumbler lock. 

2. Signal Transmission Mode and Frequency: VHF or UHF 2-W power 
output, coordinated with operating characteristics of the established 
remote alarm receiving station designated by Owner. 

3. Normal Power Input: 120-V ac. 

4. Secondary Power: Integral-sealed, rechargeable, 12-V battery and 
charger. Comply with NFPA 72 requirements for battery capacity; submit 
calculations. 

5. Antenna: Omnidirectional, coaxial half-wave, dipole type with driving point 
impedance matched to transmitter and antenna cable output impedance. 
Wind-load strength of antenna and mounting hardware and supports shall 
withstand 150 mph with a gust factor of 1.3 without failure. 

6. Antenna Cable: Coaxial cable with impedance matched to the transmitter 
output impedance. 

7. Antenna-Cable Connectors: Weatherproof. 

8. Alarm Interface Devices: Circuit boards, modules, and other auxiliary 
devices, integral to the transmitter, matching fire-alarm and other system 
outputs to message-generating inputs of the transmitter that produce 
required message transmissions. 

C. Functional Performance: Unit shall receive alarm, supervisory, or trouble signal 
from fire-alarm control unit or from its own internal sensors or controls and shall 
automatically transmit signal along with a unique code that identifies the 
transmitting station to the remote alarm receiving station. Transmitted 
messages shall correspond to standard designations for fire-reporting system to 
which the signal is being transmitted and shall include separately designated 
messages in response to the following events or conditions: 

1. Transmitter Low-Battery Condition: Sent when battery voltage is below 85 
percent of rated value. 

2. System Test Message: Initiated manually by a test switch within the 
transmitter cabinet, or automatically at an optionally preselected time, 
once every 24 hours, with transmission time controlled by a programmed 
timing device integral to transmitter controls. 

3. Transmitter Trouble Message: Actuated by failure, in excess of one-
minute duration, of the transmitter normal power source, derangement of 
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the wiring of the transmitter, or any alarm input interface circuit or device 
connected to it. 

4. Local Fire-Alarm-System Trouble Message: Initiated by events or 
conditions that cause a trouble signal to be indicated on the building 
system. 

5. Local Fire-Alarm-System Alarm Message: Actuated when the building 
system goes into an alarm state. Identifies device that initiated the alarm. 

6. Local Fire-Alarm-System, Supervisory-Alarm Message: Actuated when the 
building alarm system indicates a supervisory alarm. 

2.21 NETWORK COMMUNICATIONS 

A. Provide network communications for fire-alarm system according to fire-alarm 
manufacturer's written requirements. 

B. Provide network communications pathway per manufacturer's written 
requirements and requirements in NFPA 72 and NFPA 70. 

C. Provide integration gateway using BACnet for connection to building automation 
system. 

2.22 SYSTEM PRINTER 

A. Printer shall be listed and labeled as an integral part of fire-alarm system. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for ventilation, 
temperature, humidity, and other conditions affecting performance of the Work. 

1. Verify that manufacturer's written instructions for environmental conditions 
have been permanently established in spaces where equipment and 
wiring are installed, before installation begins. 

B. Examine roughing-in for electrical connections to verify actual locations of 
connections before installation. 

C. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 EQUIPMENT INSTALLATION 

A. Comply with NFPA 72, NFPA 101, and requirements of authorities having 
jurisdiction for installation and testing of fire-alarm equipment. Install all 
electrical wiring to comply with requirements in NFPA 70 including, but not 
limited to, Article 760, "Fire Alarm Systems." 
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1. Devices placed in service before all other trades have completed cleanup 
shall be replaced. 

2. Devices installed but not yet placed in service shall be protected from 
construction dust, debris, dirt, moisture, and damage according to 
manufacturer's written storage instructions. 

B. Connecting to Existing Equipment: Verify that existing fire-alarm system is 
operational before making changes or connections. 

1. Connect new equipment to existing control panel in existing part of the 
building. 

2. Connect new equipment to existing monitoring equipment at the 
supervising station. 

C. Equipment Mounting: Install fire-alarm control unit on concrete base. Comply 
with requirements for concrete base specified in Section 033130 "Concrete, 
Materials and Proportioning." 

1. Install dowel rods to connect concrete base to concrete floor. Unless 
otherwise indicated, install dowel rods on 18-inch (460-mm) centers 
around the full perimeter of concrete base. 

2. For supported equipment, install epoxy-coated anchor bolts that extend 
through concrete base and anchor into structural concrete floor. 

3. Place and secure anchorage devices. Use setting drawings, templates, 
diagrams, instructions, and directions furnished with items to be 
embedded. 

4. Install anchor bolts to elevations required for proper attachment to 
supported equipment. 

D. Equipment Mounting: Install fire-alarm control unit on finished floor. 

E. Install wall-mounted equipment, with tops of cabinets not more than 78 inches 
(1980 mm) above the finished floor. 

F. Manual Fire-Alarm Boxes: 

1. Install manual fire-alarm box in the normal path of egress within 60 inches 
(1520 mm) of the exit doorway. 

2. Mount manual fire-alarm box on a background of a contrasting color. 

3. The operable part of manual fire-alarm box shall be between 42 inches 
(1060 mm) and 48 inches (1220 mm) above floor level. All devices shall 
be mounted at the same height unless otherwise indicated. 

G. Smoke- or Heat-Detector Spacing: 

1. Comply with the "Smoke-Sensing Fire Detectors" section in the "Initiating 
Devices" chapter in NFPA 72, for smoke-detector spacing. 
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2. Comply with the "Heat-Sensing Fire Detectors" section in the "Initiating 
Devices" chapter in NFPA 72, for heat-detector spacing. 

3. Smooth ceiling spacing shall not exceed 30 feet (9 m). 

4. Spacing of detectors for irregular areas, for irregular ceiling construction, 
and for high ceiling areas shall be determined according to Annex A or 
Annex B in NFPA 72. 

5. HVAC: Locate detectors not closer than 36 inches (910 mm) from air-
supply diffuser or return-air opening. 

6. Lighting Fixtures: Locate detectors not closer than 12 inches (300 mm) 
from any part of a lighting fixture and not directly above pendant mounted 
or indirect lighting. 

H. Install a cover on each smoke detector that is not placed in service during 
construction. Cover shall remain in place except during system testing. Remove 
cover prior to system turnover. 

I. Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling 
tubes so they extend the full width of duct. Tubes more than 36 inches (9100 
mm) long shall be supported at both ends. 

1. Do not install smoke detector in duct smoke-detector housing during 
construction. Install detector only during system testing and prior to 
system turnover. 

J. Air-Sampling Smoke Detectors: If using multiple pipe runs, the runs shall be 
pneumatically balanced. 

K. Elevator Shafts: Coordinate temperature rating and location with sprinkler rating 
and location. Do not install smoke detectors in sprinklered elevator shafts. 

L. Single-Station Smoke Detectors: Where more than one smoke alarm is installed 
within a dwelling or suite, they shall be connected so that the operation of any 
smoke alarm causes the alarm in all smoke alarms to sound. 

M. Remote Status and Alarm Indicators: Install in a visible location near each 
smoke detector, sprinkler water-flow switch, and valve-tamper switch that is not 
readily visible from normal viewing position. 

N. Audible Alarm-Indicating Devices: Install not less than 6 inches (150 mm) below 
the ceiling. Install bells and horns on flush-mounted back boxes with the device-
operating mechanism concealed behind a grille. Install all devices at the same 
height unless otherwise indicated. 

O. Visible Alarm-Indicating Devices: Install adjacent to each alarm bell or alarm 
horn and at least 6 inches (150 mm) below the ceiling. Install all devices at the 
same height unless otherwise indicated. 

P. Device Location-Indicating Lights: Locate in public space near the device they 
monitor. 
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Q. Antenna for Radio Alarm Transmitter: Mount to building structure where 
indicated. Use mounting arrangement and substrate connection that resists 
150-mph (160-km/h) wind load with a gust factor of 1.3 without damage. 

3.3 PATHWAYS 

A. Pathways shall be installed in EMT. 

B. Exposed EMT shall be painted red enamel. 

3.4 CONNECTIONS 

A. For fire-protection systems related to doors in fire-rated walls and partitions and 
to doors in smoke partitions, comply with requirements in Section 087000 
"Finish Hardware." Connect hardware and devices to fire-alarm system. 

1. Verify that hardware and devices are listed for use with installed fire-alarm 
system before making connections. 

B. Make addressable connections with a supervised interface device to the 
following devices and systems. Install the interface device less than 36 inches 
(910 mm) from the device controlled. Make an addressable confirmation 
connection when such feedback is available at the device or system being 
controlled. 

1. Alarm-initiating connection to smoke-control system (smoke management) 
at firefighters' smoke-control system panel. 

2. Smoke dampers in air ducts of designated HVAC duct systems. 
3. Magnetically held-open doors. 
4. Electronically locked doors and access gates. 
5. Alarm-initiating connection to activate emergency lighting control. 
6. Alarm-initiating connection to activate emergency shutoffs for gas and fuel 

supplies. 
7. Supervisory connections at valve supervisory switches. 
8. Supervisory connections at low-air-pressure switch of each dry-pipe 

sprinkler system. 
9. Supervisory connections at elevator shunt-trip breaker. 
10. Data communication circuits for connection to building management 

system. 
11. Supervisory connections at fire-extinguisher locations. 

3.5 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with 
requirements for identification specified in Section 270553 "Identification for 
Communications Systems." 

B. Install framed instructions in a location visible from fire-alarm control unit. 
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3.6 GROUNDING 

A. Ground fire-alarm control unit and associated circuits; comply with IEEE 1100. 
Install a ground wire from main service ground to fire-alarm control unit. 

B. Ground shielded cables at the control panel location only. Insulate shield at 
device location. 

3.7 FIELD QUALITY CONTROL 

A. Field tests shall be witnessed by authorities having jurisdiction. 

B. Manufacturer's Field Service: Engage a factory-authorized service 
representative to test and inspect components, assemblies, and equipment 
installations, including connections. 

C. Perform tests and inspections. 

D. Perform the following tests and inspections with the assistance of a factory-
authorized service representative: 

1. Visual Inspection: Conduct visual inspection prior to testing. 

a. Inspection shall be based on completed record Drawings and system 
documentation that is required by the "Completion Documents, 
Preparation" table in the "Documentation" section of the 
"Fundamentals" chapter in NFPA 72. 

b. Comply with the "Visual Inspection Frequencies" table in the 
"Inspection" section of the "Inspection, Testing and Maintenance" 
chapter in NFPA 72; retain the "Initial/Reacceptance" column and list 
only the installed components. 

2. System Testing: Comply with the "Test Methods" table in the "Testing" 
section of the "Inspection, Testing and Maintenance" chapter in NFPA 72. 

3. Test audible appliances for the public operating mode according to 
manufacturer's written instructions. Perform the test using a portable 
sound-level meter complying with Type 2 requirements in ANSI S1.4. 

4. Test audible appliances for the private operating mode according to 
manufacturer's written instructions. 

5. Factory-authorized service representative shall prepare the "Fire Alarm 
System Record of Completion" in the "Documentation" section of the 
"Fundamentals" chapter in NFPA 72 and the "Inspection and Testing 
Form" in the "Records" section of the "Inspection, Testing and 
Maintenance" chapter in NFPA 72. 

E. Reacceptance Testing: Perform reacceptance testing to verify the proper 
operation of added or replaced devices and appliances. 

F. Fire-alarm system will be considered defective if it does not pass tests and 
inspections. 
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G. Prepare test and inspection reports. 

H. Maintenance Test and Inspection: Perform tests and inspections listed for 
weekly, monthly, quarterly, and semiannual periods. Use forms developed for 
initial tests and inspections. 

I. Annual Test and Inspection: One year after date of Substantial Completion, test 
fire-alarm system complying with visual and testing inspection requirements in 
NFPA 72. Use forms developed for initial tests and inspections. 

3.8 MAINTENANCE SERVICE 

A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance 
service shall include 12 months' full maintenance by skilled employees of 
manufacturer's designated service organization. Include preventive 
maintenance, repair or replacement of worn or defective components, 
lubrication, cleaning, and adjusting as required for proper operation. Parts and 
supplies shall be manufacturer's authorized replacement parts and supplies. 

1. Include visual inspections according to the "Visual Inspection 
Frequencies" table in the "Testing" paragraph of the "Inspection, Testing 
and Maintenance" chapter in NFPA 72. 

2. Perform tests in the "Test Methods" table in the "Testing" paragraph of the 
"Inspection, Testing and Maintenance" chapter in NFPA 72. 

3. Perform tests per the "Testing Frequencies" table in the "Testing" 
paragraph of the "Inspection, Testing and Maintenance" chapter in 
NFPA 72. 

3.9 SOFTWARE SERVICE AGREEMENT 

A. Comply with UL 864. 

B. Technical Support: Beginning at Substantial Completion, service agreement 
shall include software support for two years. 

C. Upgrade Service: At Substantial Completion, update software to latest version. 
Install and program software upgrades that become available within two years 
from date of Substantial Completion. Upgrading software shall include operating 
system and new or revised licenses for using software. 

1. Upgrade Notice: At least 30 days to allow Owner to schedule access to 
system and to upgrade computer equipment if necessary. 

3.10 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's 
maintenance personnel to adjust, operate, and maintain fire-alarm system. 

 

END OF SECTION 
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SECTION 31 10 00

SITE CLEARING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Site clearing

2. Clearing site of all plant life and grass

3. Removing trees and shrubs

4. Removing root systems of trees and shrubs

5. Removing surface debris and rubbish

6. Stripping topsoil

7. Demolition.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

C. Special Conditions: See Section 01 30 00

PART 2 - PRODUCTS - (NOT APPLICABLE TO THIS SECTION)

PART 3 - EXECUTION

3.1 PREPARATION

A. Owner will obtain authority for removal and alteration work on adjoining 
property.

3.2 SITE CLEARING

A. Topsoil Removal:

1. Strip topsoil to depths encountered.

a. Remove heavy growths of grass before stripping.

b. Separate from underlying subsoil or objectionable material.

c. Remove all existing trees within the site property boundary.
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2. Stockpile topsoil where directed by Owner’s representative.

a. Grass and stripped vegetation may be composted into the topsoil during 
on-site stockpiling.

b. Construct storage piles to freely drain surface water.

c. Seed or cover storage piles to prevent erosion.

3. Do not strip topsoil in wooded areas where no change in grade occurs.

4. Borrow topsoil:  Reasonably free of subsoil, objects over 2 IN DIA, weeds 
and roots.

B. Clearing and Grubbing:

1. Clear from within limits of construction all trees not marked to remain.

a. Include shrubs, brush, downed timber, rotten wood, heavy growth of 
grass and weeds, vines, rubbish, structures and debris.

2. Grub (remove) from within limits of construction all stumps, roots, root mats, 
logs and debris encountered.

a. Totally grub under areas to be paved.

b. Grubbing in lawn areas:

1) In cut areas, totally grub.

2) In fill areas, where fill is less than 3 FT totally grub ground.

3) Where fill is 3 FT or more in depth, stumps may be left no higher than 
6 IN above existing ground surface.

C. Disposal of Waste Materials:

1. Do not burn combustible materials on site.

2. Remove all waste materials from site.

3. Do not bury organic matter on site.

3.3 ACCEPTANCE

A. Upon completion of the site clearing, obtain Owner’s representative's 
acceptance of the extent of clearing, depth of stripping and rough grade.

3.4 REGULATORY REQUIREMENTS

A. Conform to applicable codes for disposal of debris.

END OF SECTION
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SECTION 31 21 33 

TRENCHING, BACKFILLING, AND COMPACTING FOR UTILITIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Excavation, trenching, backfilling and compacting for all underground 
utilities, including manholes and other pipeline structures. 

2. Specification Section is applicable to the utilities scheduled in Specification 
Section 40 05 13 – Pipe and Pipe Fittings: Basic Requirements. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 03 31 31 - Concrete Mixing, Placing, Jointing, and Curing. 

4. Division 26 - Electrical. 

5. Section 31 23 00 - Earthwork. 

6. Section 33 05 16 - Precast Concrete Manhole Structures. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost for 
installed underground piping, sewer, conduit or ductwork. 

B. When Owner’s Representative directs Contractor to overexcavate trench bottom, 
Contractor will be paid by unit priced bid per linear foot under bid item = 6” 
Overexcavation of Trench Bottom. 

1. No payment will be paid if Owner’s Representative does not direct 
Contractor to overexcavate trench bottom. 

2. No overexcavation will be measured or paid when unsuitable conditions 
result from dewatering system not in conformance with Section 01 57 23.02 
– Control of Ground Water and Surface Water. 

C. No additional payment will be made for performing Critical Location exploratory 
excavation.  Include cost in unit price for installed underground piping, sewer, 
conduit, or duct work. 

D. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment 
for Work in this Section is included in total Stipulated Price. 
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1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. C33, Standard Specification for Concrete Aggregates. 

b. C40, Standard Test Method for Organic Impurities in Fine Aggregates for 
Concrete. 

c. C94, Standard Specification for Ready-Mixed Concrete. 

d. C123, Standard Test Method for Lightweight Particles in Aggregate. 

e. C131, Standard Test Method for Resistance to Degradation of Small-Size 
Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine. 

f. C136, Standard Test Method for Sieve Analysis of Fine and Coarse 
Aggregates. 

g. C142, Standard Test Method for Clay Lumps and Friable Particles in 
Aggregates. 

h. C891, Standard Practice for Installation of Underground Precast Concrete 
Utility Structures. 

i. C1479, Standard Practice for Installation of Precast Concrete Sewer, 
Storm Drain, and Culvert Pipe Using Standard Installations. 

j. C1675, Standard Practice for Installation of Precast Reinforced Concrete 
Monolithic Box Sections for Culverts, Storm Drains, and Sewers. 

k. C1821, Standard Practice for Installation of Underground Circular Precast 
Concrete Manhole Structures. 

l. D558, Standard Test Methods for Moisture-Density (Unit Weight) 
Relations of Soil-Cement Mixtures. 

m. D698, Standard Test Methods for Laboratory Compaction Characteristics 
of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3)). 

n. D1140, Standard Test Methods for Amount of Material in Soils Finer than 
No. 200 Sieve. 

o. D1557, Standard Test Methods for Laboratory Compaction Characteristics 
of Soil Using Modified Effort (56,000 ft-lbf/ft3 (2,700 kN-m/m3)). 

p. D1556, Standard Test Method for Density and Unit Weight of Soil in Place 
by Sand-Cone Method. 

q. D2321, Standard Practice for Underground Installation of Thermoplastic 
Pipe for Sewers and Other Gravity-Flow Applications. 

r. D2487, Standard Practice for Classification of Soils for Engineering 
Purposes (Unified Soil Classification System). 
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s. D2922 – Standard Test Methods for Density of Soil and Soil-Aggregate in 
Place by Nuclear Methods (Shallow Depth). 

t. D4253, Standard Test Methods for Maximum Index Density and Unit 
Weight of Soils Using a Vibratory Table. 

u. D4254, Standard Test Methods for Minimum Index Density and Unit 
Weight of Soils and Calculation of Relative Density. 

v. D4318, Standard Test Methods for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils. 

w. D4643, Standard Test Method for Determination of Water (Moisture) 
Content of Soil by Microwave Oven Method. 

2. Texas Department of Transportation (TxDOT): 

a. Tex-101-E. Preparing Soil and Flexible Base Materials for Testing. 

b. Tex-110-E, Determining Particle Size Analysis of Soils. 

c. Tex-460-A, Determining Crushed Face Particle Count. 

3. Occupational Safety and Health Administration (OSHA): 

a. Federal Regulations, 29 CFR Part 1926. 

4. AWWA Standards- Excavation: 

a. AWWA M9 – Concrete Pressure Pipe. 

b. AWWA M11 – Steel Water Pipe. 

B. Qualifications: 

1. Testing and analysis of backfill materials for soil classification and 
compaction during construction will be performed by an independent 
laboratory provided by the Owner.  

2. Contractor shall provide registered professional engineer licensed in Texas 
for design of trench shoring systems or other trench safety plans. 

1.4 DEFINITIONS 

A. Classification of Excavation:  Excavation shall be "unclassified" and involves the 
removing of the necessary materials to provide the trench to the required width 
and depth.  The Contractor, prior to submitting a proposal, must satisfy himself 
as to the actual subsurface conditions.  No extra or separate payments shall be 
made for rock, dewatering, or any other condition. 

B. Source:  Source selected by Contractor for supply of embedment or trench zone 
backfill material.  Selected source may be project excavation, off-site borrow pits, 
commercial borrow pits, or sand and aggregate production or manufacturing 
plants. 

1.5 SUBMITTALS 

A. Shop Drawings: 
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1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Submit planned typical method of excavation, backfill placement and 
compaction including: 

a. Trench widths. 

b. Procedures for foundation and pipe zone bedding placement, and trench 
backfill compaction 

c. Procedures for assuring compaction against undisturbed soil when 
premanufactured trench safety systems are proposed. 

3. Submit respective pipe or conduit manufacturer's data regarding bedding 
methods of installation and general recommendations. 

4. Submit backfill material sources and product quality information in 
accordance with requirements of this section. 

5. Submit sieve analysis reports on all granular materials. 

6. Certified Test Reports for embedment material, coarse gravel, and flexbase.  
Certified Test Reports shall be from an independent laboratory.  Test reports 
shall include sieve analysis, Atterburg limits, and results of an Abrasion test. 

B. Miscellaneous Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Submit record of location of utilities as installed, referenced to survey control 
points. Include locations of utilities encountered or rerouted. Give stations, 
horizontal dimensions, elevations, inverts and gradients. 

3. Submit 11-inch by 17-inch copy of Drawing with plotted utility or obstruction 
location titled Critical Location Report to Owner’s Representative as 
described in 1.6.D.1. Drawing shall be signed and sealed by R.P.L.S. 

4. Submit trench excavation safety program.  

5. Submit trench shield (trench box) certification if employed: 

a. Specific to Project conditions. 

b. Re-certified if members become distressed. 

c. Certification by registered professional structural engineer, registered in 
the State of Texas 

d. Engineer and Owner are not responsible to, and will not, review and 
approve. 
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1.6 PROJECT CONDITIONS 

A. Avoid overloading or surcharge a sufficient distance back from edge of 
excavation to prevent slides or caving. 

1. Maintain and trim excavated materials in such manner to be as little 
inconvenience as possible to public and adjoining property owners. 

B. Provide full access to public and private premises and fire hydrants, at street 
crossings, sidewalks and other points as designated by Owner’s representative 
to prevent serious interruption of travel. 

C. Protect and maintain bench marks, monuments or other established points and 
reference points and if disturbed or destroyed, replace items to full satisfaction of 
Owner’s representative and controlling agency. 

D. Protection of Existing Structures and Utilities 

1. The Contractor shall advise the Owner’s Representative of any existing 
utilities that are not shown on the Drawings, or are shown incorrectly, that 
affect the pipe layout.  Contractor shall also propose a resolution to the utility 
conflict for the Owner’s Representative's review.  The Owner’s 
Representative will determine whether the utility will be relocated or the 
proposed pipeline location revised.  If the pipeline location is revised, an 
adjustment to the Contract price will be made by adjusting the quantities for 
the various unit price pay items.  If the proposed pipe grade is adjusted by 2 
vertical feet or less, no Contract Price adjustment will be made.  If the 
proposed pipe grade is adjusted by more than 2 vertical feet, a Contract 
Price adjustment will be agreed to as described in the General Conditions. 

2. Utilities that affect the pipe layout will be interpreted by the Owner’s 
Representative as follows: 

a. Utilities that conflict with the grade of the proposed pipe will be interpreted 
as affecting the pipe layout. 

b. Utilities that conflict with the operations and maintenance of the proposed 
pipe will be interpreted as affecting the pipe layout. 

E. Where excavation endangers adjacent structures and utilities, the Contractor 
shall, at his own expense, carefully support and protect such structures and/or 
utilities so that there shall be no damage.  In the case where the structure cannot 
be protected and must be temporarily or permanently relocated, Contractor will 
be compensated for actual cost only once approved by the Owner’s 
Representative. 

F. If in the opinion of the Owner’s Representative, concrete backfill is necessary for 
the support of utility lines crossing trenches, the Owner’s Representative may 
direct 2000 psi concrete backfill to be used.  Payment shall be made to the 
Contractor at the unit price bid for the installation of such quantity of the concrete 
backfill as directed by the Owner’s Representative. 
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PART 2 - PRODUCTS 

2.1 MATERIAL CLASSIFICATIONS 

A. Classify materials for backfill for purpose of quality control in accordance with 
Unified Soil Classification Symbols as defined in ASTM D 2487.  Material use 
and application is defined in utility installation specifications and Drawings either 
by class, as described in Paragraph 2.1B, or by product descriptions, as given 
in Paragraph 2.2. 

B. Class Designations Based on Laboratory Testing: 

1. Class I:  Well-graded gravels and sands, gravel-sand mixtures, crushed well-
graded rock, little or no fines (GW, SW): 

a. Plasticity index:  non-plastic. 

b. Gradation:  D60/D10 - greater than 4 percent; amount passing No. 200 
sieve - less than or equal to 5 percent. 

2. Class II:  Poorly graded gravels and sands, silty gravels and sands, little to 
moderate fines (GM, GP, SP, SM): 

a. Plasticity index:  non-plastic to 4. 

b. Gradations: 

1) Gradation (GP, SP):  amount passing No. 200 sieve - less than 5 
percent. 

2) Gradation (GM, SM):  amount passing No. 200 sieve - between 12 
percent and 50 percent. 

3) Borderline gradations with dual classifications (e.g., SP-SM):  amount 
passing No. 200 sieve - between 5 percent and 12 percent. 

3. Class III:  Clayey gravels and sands, poorly graded mixtures of gravel, sand, 
silt, and clay (GC, SC, and dual classifications, e.g., SP-SC): 

a. Plasticity index:  greater than 7. 

b. Gradation:  amount passing No. 200 sieve - between 12 percent and 50 
percent. 

4. Class IVA:  Lean clays (CL). 

a. Plasticity Indexes: 

1) Plasticity index:  greater than 7, and above A line. 

2) Borderline plasticity with dual classifications (CL-ML):  PI between 4 
and 7. 

b. Liquid limit:  less than 50. 

c. Gradation:  amount passing No. 200 sieve - greater than 50 percent. 

d. Inorganic. 
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5. Class IVB:  Fat clays (CH). 

a. Plasticity index:  above A line. 

b. Liquid limit:  50 or greater. 

c. Gradation:  amount passing No. 200 sieve - greater than 50 percent. 

d. Inorganic. 

6. Use soils with dual class designation according to ASTM D 2487, and which 
are not defined above, according to more restrictive class. 

2.2 MATERIALS 

A. Unsuitable Material: 

1. Materials that cannot be compacted to required density due to gradation, 
plasticity, or moisture content. 

2. Materials containing large clods, aggregates, or stones greater than 4 inches 
in any dimension; debris, vegetation, or waste; or any other deleterious 
materials. 

3. Materials  contaminated with hydrocarbons or other chemical contaminants. 

B. Soils classified as silt (ML), silty clay (CL-ML with PI of 4 to 7), elastic silt (MH), 
organic clay and organic silt (OL, OH), and organic matter (PT) are not 
acceptable as backfill materials according to ASTM D2487. 

1. These soils may be used for site grading and restoration in unimproved 
areas as approved by the Owner’s representative. 

2. Soils in Class IVB, fat clay (CH) may only be used as backfill materials  
outside of roadways and where otherwise allowed by this Specification 
Section. 

C. Provide backfill material that is free of stones greater than 2 IN, free of roots, 
waste, debris, trash, organic material, unstable material, non-soil matter, 
hydrocarbon or other contamination, conforming to the following limits for 
deleterious materials: 

1. Clay lumps:  Less than 0.5 percent for Class I, and less than 2.0 percent for 
Class II, when tested in accordance with ASTM C142. 

2. Lightweight pieces:  Less than 5 percent when tested in accordance with 
ASTM C123. 

3. Organic impurities: No color darker than standard color when tested in 
accordance with ASTM C40. 

4. Clay Clods:  Less than 4 inches in least dimension. 

5. In no case will the above materials be permitted in the pipe zone. 
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D. Manufactured materials, such as crushed concrete, may be substituted for natural 
soil or rock products where indicated in the product specification, and approved 
by the Owner’s representative, provided that the physical property criteria are 
determined to be satisfactory by testing. 

E. Embedment Material:  Soil material placed under controlled conditions within 
embedment zone extending vertically upward from top of foundation to an 
elevation 12 inches above top of pipe, and including pipe bedding, haunching 
and initial backfill. 

F. Trench Zone Backfill:  Classified soil material meeting specified quality 
requirements and placed under controlled conditions in trench zone from top of 
embedment zone to base course in paved areas or to surface grading material in 
unpaved areas. 

G. Bank Run Sand:  Durable bank run sand classified as SP, or SW by the Unified 
Soil Classification System (ASTM D2487) meeting the following requirements: 

1. Less than 15 percent passing the number 200 sieve when tested in 
accordance with ASTM D 1140. 

a. The amount of clay lumps or balls not exceeding 2 percent. 

2. Material passing the number 40 sieve shall meet the following requirements 
when tested in accordance with ASTM D4318: 

a. Liquid limit: not exceeding 25 percent. 

b. Plasticity index: not exceeding 7. 

H. Concrete Sand:  Natural sand, manufactured sand, or a combination of natural 
and manufactured sand conforming to the requirements of ASTM C33 and 
graded within the following limits when tested in accordance with ASTM C136: 

 
Sieve Percent Passing 
3/8 IN 100 
No. 4 95 to 100 
No. 8 80 to 100 

No. 16 50 to   85 
No. 30 25 to   60 
No. 50 10 to   30 
No. 100 2 to   10 
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I. Gem Sand:  Sand conforming to the requirements of ASTM C33 for course 

aggregates specified for number 8 size and graded within the following limits 
when tested in accordance with ASTM C136: 

 
Sieve Percent Passing 
3/8 IN 95 to 100 
No. 4 60 to   80 
No. 8 15 to   40 

 
J. Pea Gravel:  Durable particles composed of angular gravels and graded within the 

following limits when tested in accordance with ASTM C136: 

 
Sieve Percent Passing 
1/2 IN 100 
3/8 IN 85 to 100 
No.   4 10 to  30 
No.   8 0 to 10 
No. 16 0 to  5 

 
K. Crushed Aggregates:  Crushed aggregates consist of durable particles obtained 

from an approved source and meeting the following requirements: 

1. Materials of one product delivered for the same construction activity from a 
single source. 

2. Non-plastic fines. 

3. Los Angeles abrasion test wear not exceeding 45 percent when tested in 
accordance with ASTM C131. 

4. Crushed aggregate shall have a minimum of 90 percent of the particles 
retained on the No. 4 sieve with 2 or more crushed faces as determined by 
Test Method TxDOT Tex-460-A, Part I. 

5. Crushed stone: 

a. Produced from oversize plant processed stone or gravel, sized by 
crushing to predominantly angular particles from a naturally occurring 
single source. 

b. Uncrushed gravel are not acceptable materials for embedment where 
crushed stone is shown on the applicable utility embedment drawing 
details. 
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c. Where coarse gravel is required for water drainage, restoration of trench 
foundation, or other uses, it shall be crushed stone in compliance with 
ASTM C33 for Coarse Concrete Aggregate.  Gradation shall be ASTM 
C33 No. 57, No. 67, or as follows: 

Sieve Size 
Sq. Openings  

Amount Passing 
Percent by Weight 

1” 95-100 

3/4” 55-85 

1/2” 25-50 

No. 4 0-5 

 

6. Crushed Concrete:   

a. The Owner’s Representative will make a determination as to whether 
crushed concrete can be allowed and what the acceptable gradation is. 

b. Gradation and quality control test requirements are the same as crushed 
stone. 

c. Provide crushed concrete produced from normal weight concrete of 
uniform quality; containing particles of aggregate and cement material, 
free from other substances such as asphalt, reinforcing steel fragments, 
soil, waste gypsum (calcium sulfate), or debris. 

7. Gradations, as determined in accordance with TxDOT Tex-110-E. 

 

Sieve 
Percent Passing by Weight for Pipe Embedment 

by Ranges of Nominal Pipes Sizes 

 >15 IN 15 IN -   8 IN <8 IN 
1 IN 95 - 100 100 - 

3/4 IN 60 -  90 90 - 100 100 
1/2 IN 25 -  60 - 90 - 100 
3/8 IN - 20 - 55 40 -  70 
No. 4 0  -   5 0 - 10 0  -  15 
No. 8 - 0 -   5 0  -    5 

 
L. Select Backfill: Class III clayey gravel or sand or Class IV lean clay with a 

plasticity index between 7 and 20 or clayey soils treated with lime to meet 
plasticity criteria. 

M. Random Backfill:  Any suitable soil or mixture of soils within Classes I, II, III and 
IV; or fat clay (CH) where allowed by applicable backfill installation specification. 
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N. Native Backfill: Any suitable soil or mixture of soils initially excavated during 
trench excavation, meeting the requirements of section 2.2 B of this 
Specification, and within Classes I, II, III and IV; or fat clay (CH) where allowed 
by this Specification Section. 

O. Cement Stabilized Sand: 

1. Sand-cement mixture shall produce a minimum unconfined compressive 
strength of at least 100 pounds per square inch in 48 hours and contain not 
less than 2.0 sacks of cement per ton of dry sand. 

a. Design will be based on strength specimens molded in accordance with 
ASTM D558 at a moisture content within 2 percent of optimum and within 
4 hours of batching. 

b. Determine minimum cement content from production data and statistical 
history. 

c. Granular material to be used as cement stabilized sand should be well 
graded and have the grain size characteristics as listed below: 

Sieve Percent Passing 
No.   4 55 to 100 
No.  10 37 to 100 
No.  40 24 to 100 

  No.  200 10 to 20 

 

2. Cement:  Type I Portland cement conforming to ASTM C150. 

3. Sand:  Clean, durable sand meeting grading requirements for fine 
aggregates of ASTM C33, or requirements for Bank Run Sand of this 
Specification Section and the following requirements: 

a. Classified as SW, SP, SW-SM, SP-SM, or SM by the United Soil 
Classification System of ASTM D2487. 

b. Deleterious materials: 

1) Clay lumps, ASTM C142; less than 0.5 percent. 

2) Lightweight pieces, ASTM C123; less than 5.0 percent. 

3) Organic impurities, ASTM C40, color no darker than the standard 
color. 

c. Plasticity index of 4 or less when tested in accordance with ASTM D4318. 

1) Water:  Potable water, free of oils, acids, alkalies, organic matter, or 
other deleterious substances, meeting requirements of ASTM C94. 

P. Concrete Backfill:  Conform to Class B concrete as specified in Division 3. 

Q. Subgrade Stabilization Materials:  Provide subgrade stabilization material as 
required. 
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R. Granular Embedment Material: Granular embedment material may be pea 
gravel or bank run sand as defined in sections 2.2 G and 2.2 D, respectively. 
Additionally, granular embedment material shall be free from large stones, clay, 
and organic material.  Granular embedment material shall be a soil classification 
of GW, GP, SW, or SP as determined by ASTM D2487.  The granular 
embedment material shall be such that when wet, the fine material shall not 
form mud or muck.  The granular embedment material shall be composed of 
angular, tough durable particles, free from thin, flat and elongated pieces, of 
suitable quality to insure permanence in the trench and have a percentage of 
wear of not more than 40 percent when tested in accordance with ASTM C131 
or ASTM C535.  The P.I. of the fines shall not exceed 3.  Light weight aggregate 
is not acceptable for granular embedment.  Material used for granular 
embedment shall have a resistivity of not less than 5000 ohms/cm as measured 
by ASTM G57. 

S. Well-graded Crushed Stone Bedding Material: 

1. ASTM C33, gradation 67 (3/4 IN to No. 4 sieve) defined below: 

Sieve Percent Passing 
1” 100 

3/4” 90 to 100 
3/8” 20 to 55 

  No. 4 0 to 10 

 
T. Lime Stabilized Clay Backfill. 

1. Clayey material hydrated lime or quicklime to achieve a pH of 12.4 and a 
plasticity index (PI) of less than 20 in accordance with ASTM D 4318. 

2. The optimum lime content to be determined by lime optimization curve using 
specific soil sample and proposed lime additive. 

U. Flowable fill: Provide Flowable Fill in accordance with Specification Section 03 31 
30 as required. 

2.3 MATERIAL TESTING 

A. Materials may be subjected to inspection or additional verification testing after 
delivery.  Materials which do not meet requirements of specifications will be 
rejected.  Do not use material which, after approval, has become unsuitable for 
use due to segregation, mixing with other materials, or by contamination.  Once 
material is approved by Owner, expense for sampling and testing required to 
change to different material will be credited to Owner through change order. 
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B. Source Qualification:  Perform testing to obtain tests by suppliers for selection of 
material sources and products not from the project site.  Test samples of 
processed materials from current production representing material to be 
delivered.  Use tests to verify that materials meet specification requirements.  
Repeat qualification test procedures each time source characteristics change or 
there is planned change in source location or supplier.  Include the following 
qualification tests, as applicable: 

1. Gradation:  Report complete sieve analyses regardless of specified control 
sieves from largest particle through No. 200 sieve. 

2. Plasticity of material passing No. 40 sieve. 

3. Los Angeles abrasion wear of material retained on No. 4 sieve. 

4. Clay lumps. 

5. Lightweight pieces. 

6. Organic impurities. 

C. Production Testing:  Provide reports to Owner from an independent testing 
laboratory that backfill materials to be placed in Work meet applicable 
specification requirements. 

D. Assist Owner in obtaining material samples for verification testing at source or at 
production plant. 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Remove and dispose of unsuitable materials as directed by Owner’s 
representative to site provided by Contractor. 

B. Establish traffic control when working within the public right of way per applicable 
specifications. Maintain barricades and warning lights for streets and 
intersections affected by Work and are considered hazardous to traffic 
movements.  

C. Perform work to conform to applicable safety standards and regulations. Employ 
trench safety system as designed by the Contractor’s engineer licensed in the 
State of Texas. 

D. Immediately notify agency or company owning any existing utility line which is 
damaged, broken or disturbed. Obtain approval from Owner’s Representative 
and agency for any repairs or relocations, either temporary or permanent. 

E. Maintain permanent benchmarks, monumentation and other reference points. 
Unless otherwise directed in writing, replace those which are damaged or 
destroyed. 

F. Limit pavement removal to less than five pipe laying days in advance of pipe 
laying. 
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3.2 EXCAVATION 

A. Unclassified Excavation:  Remove rock excavation, clay, silt, sand, gravel, hard 
pan, loose shale, and loose stone to required lines and grades, or as directed by 
Owner’s representative. 

B. Upon discovery of unknown utilities, badly deteriorated utilities not designated for 
removal, or concealed conditions, discontinue work at that location. Notify 
Owner’s Representative and obtain instructions before proceeding.  

C. Excavation for Appurtenances: 

1. 12 IN (minimum) clear distance between outer surface and embankment. 

2. See Specification Section 31 23 00 - Earthwork for applicable requirements. 

3. See Specification Section 33 05 16 – Precast Concrete Manhole Structures 
for applicable requirements. 

D. Groundwater Dewatering: 

1. Where groundwater is, or is expected to be, encountered during excavation, 
install a dewatering system to prevent softening and disturbance of 
subgrade, to allow subgrade stabilization, pipe, bedding, embedment, and 
backfill material to be placed in a dry, stable trench. 

2. Groundwater shall be drawn down and maintained at least 3 FT below the 
bottom of any trench or manhole excavation prior to excavation. 

3. Review soils investigation before beginning excavation and determine where 
groundwater is likely to be encountered during excavation. 

a. Employ dewatering specialist for selecting and operating dewatering 
system. 

4. Keep dewatering system in operation until dead load of pipe, structure and 
backfill exceeds possible buoyant uplift force on pipe or structure. 

5. Dispose of groundwater to an area which will not interfere with construction 
operations or damage existing construction. 

6.  Install groundwater monitoring wells as necessary. 

7.  Shut off dewatering system at such a rate to prevent a quick upsurge of 
water that might weaken the subgrade. 

8. No additional payment for groundwater dewatering. 

E. Critical Location Investigation 

1. Prior to manufacturing pipe, the contractor shall properly locate and identify 
all existing utilities in proximity to the water line corridor. The contractor shall 
confirm utilities using vacuum excavation or other suitable excavation 
method and provide a submittal to the Owner with their findings and proof of 
completion. 
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2. Horizontal and vertical location of various underground lines shown on 
Drawings, including but not limited to water lines, gas lines, storm sewers, 
sanitary sewers, telecommunication lines, electric lines or power ducts, 
pipelines, concrete and debris, are based on best information available but 
are only approximate locations.  Unless otherwise approved by Owner’s 
Representative, at Critical Locations shown on Drawings, perform vacuum 
excavation to field verify horizontal and vertical locations of such lines within 
zone of 2 feet vertically and 4 feet horizontally of proposed work.   

a. Verify location of existing utilities prior to manufacturing pipe and prior to 
beginning installation of auger pit or tunnel shaft.  Use extreme caution 
and care when uncovering utilities designated by Critical Locate. 

b. Notify Owner’s Representative in writing immediately upon identification of 
obstruction.  In event of failure to identify obstruction in minimum of 
7 days, Contractor will not be entitled to extra cost for downtime including, 
but not limited to, payroll, equipment, overhead, demobilization and 
remobilization, until 7 days has passed from time Owner’s Representative 
is notified of obstruction. 

3. Notify involved utility companies of date and time that investigation 
excavation will occur and request that their respective utility lines be marked 
in field.  Comply with utility or pipeline company requirements that their 
representative be present during excavation.  Provide Owner’s 
Representative with 48 hours notice prior to field excavation or related work. 

4. Survey vertical and horizontal locations of obstructions relative to project 
baseline and datum and plot on 11 inch by 17 inch copy of Drawings.  For 
large diameter water lines, submit to Owner’s Representative for approval, 
horizontal and vertical alignment dimensions for connections to existing 
lines, tied into project baseline, signed, and sealed by R.P.L.S. as described 
in 1.5.B.3. 

F.  Protection 

1. Protect trees, shrubs, lawns, existing structures, and other permanent 
objects outside of grading limits and within grading limits as designated on 
Drawings, and in accordance with requirements. 

2. Protect and support above-grade and below-grade utilities which are to 
remain. 

3. Restore damaged permanent facilities to pre-construction conditions unless 
replacement or abandonment of facilities is indicated on Drawings. 

4. Take measures to minimize erosion of trenches.  Do not allow water to pond 
in trenches.  Where slides, washouts, settlements, or areas with loss of 
density or pavement failures or potholes occur, repair, recompact, and pave 
those areas at no additional cost to Owner. 
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G.   Trench Excavation: 

1. Excavate trenches by open cut method to depth shown on Drawings and 
necessary to accommodate work. 

a. Support existing utility lines and yard piping where proposed work crosses 
at a lower elevation. 

1) Stabilize excavation to prevent undermining of existing utility and yard 
piping. 

2. Open trench outside buildings, units, and structures: 

a. No more than the distance between two manholes, structures, units, or 
300 LF, whichever is less. 

b. Field adjust limitations as weather conditions dictate. 

3. Trenching within buildings, units, or structures: 

a. No more than 100 LF at any one time. 

4. Any trench or portion of trench, which is opened and remains idle for seven 
(7) calendar days, or longer, as determined by the Owner’s representative, 
may be directed to be immediately refilled, without completion of work, at no 
additional cost to Owner. 

a. Said trench may not be reopened until Owner’s representative is satisfied 
that work associated with trench will be prosecuted with dispatch. 

H. Pipe Trench: 

1. The “pipe zone” shall be defined as the zone from 12 inches below the 
bottom of the pipe to 12 inches above the top of the pipe, unless otherwise 
noted on Drawings. 

2. The trench walls in the pipe zone shall be vertical.  Trench widths shall be as 
shown on the Drawings. 

3. Trench walls above the pipe zone may be laid back or benched where room 
permits as necessary to meet the requirements of OSHA. 

4. For semi-rigid pipe or flexible pipe (including AWWA C200 steel pipe, 
AWWA C303 bar-wrapped concrete cylinder pipe, PVC, Ductile Iron, and 
other pipe materials as listed in appropriate specifications), where the 
character of the trench walls is loose, unstable, saturated soft clays, 
quicksand or otherwise unable to provide adequate side support to maintain 
the required pipe deflection, the Contractor shall modify the backfill to keep 
the pipe within the limits of the specified pipe deflection. 

a. Contractor shall widen the trench excavation to accommodate modified 
backfill procedure. 

b. Contractor shall protect exterior pipe coating, and shall repair any damage 
caused by backfilling. 
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c. Concrete encasement, soil cement, flowable fill or some other method 
approved by the Owner’s Representative may be used in lieu of this 
procedure. 

I. Pipe Foundation: 

1. Excavate the trench to an even grade so that the full length of the pipe barrel 
is supported and joints make up properly.  Excavate the trench to the line 
and grade indicated and as directed by the Owner’s Representative.  Grades 
shall be uniform between high points and low points to eliminate 
intermediate “highs and lows.” 

2. The trench shall be “rough cut” a minimum of 12 inches below the bottom of 
the pipe, unless otherwise noted on drawings.  The “rough cut” dimension 
shall be increased as necessary to provide a minimum clearance of 2 inches 
from the bottom of the trench to the bottom of the bells, flanges, valves, 
fittings, etc. 

3. The entire foundation area in the bottom of all excavations shall be firm, 
stable material.  Loose material shall be removed, leaving a clean, flat trench 
bottom, and material shall not be disturbed below required sub grade except 
as hereinafter described.  If the subgrade is soft, spongy, disintegrated, or 
where the character of the foundation materials is such that a proper 
foundation cannot be obtained at the elevation specified, then when directed 
by the Owner’s Representative the Contractor shall deepen the excavation 
to a depth where a satisfactory foundation can be obtained.  The subgrade 
shall then be brought back to the required grade with the well-graded 
crushed stone bedding materials and construction methods specified in 
section 3.3 and 3.4 of this specification.  Payment for additional excavation 
and backfill shall be made at the unit price bid in the Proposal. 

4. Remove soft, loose or spongy foundation soil caused by Contractor failure to 
dewater, rainfall, or Contractor operations.  Replace with well-graded 
crushed stone bedding material, as noted above, with no additional 
compensation. 

5. If over excavation does not yield satisfactory foundation conditions, then 
construct the foundation in accordance with section 3.3 J. of this 
specification. 

J. Correcting Faulty Grade: 

1. If the trench is excavated to a faulty grade (at a lower elevation than 
indicated), correct the faulty grade as specified below: 

a. In uniform, stable dry soils, correct the faulty grade with embedment 
material thoroughly compacted, as defined in sections 3.3 and 3.4 of this 
specification. 

b. In soft spongy disintegrated soils or where necessary to allow proper 
drainage, correct the faulty grade using well-graded crushed stone 
bedding in accordance with section 3.3 J. of this specification.  
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c. Maximum allowable loose lift thickness for embedment or well-graded 
crushed stone bedding material shall be 8 inches. 

K. Pipe Clearance in Rock:  Remove ledge rock, rock fragments, or unyielding 
shale or marl to provide a clearance of at least 12 inches below the parts of the 
pipe, valves or fittings.  Provide adequate clearance for properly jointing pipe 
laid in rock trenches at bell holes.  Refill the excavation to grade with 
embedment material. 

L. Blasting Procedure:  Blasting shall not be allowed. 

M. Bell Holes Required: 

1. Bell holes of ample dimension shall be dug in trenches at each joint of pipe 
to permit the jointing to be made properly, visually inspected, and so that the 
pipe will rest on the full length of the barrel. 

2. Pipe with field-applied exterior coatings shall have the joints excavated to 
sufficient depth to allow proper cleaning, application, testing and inspection 
of the field-applied coating system. 

N. Care of Surface Material for Reuse:  Surface materials such as topsoil in its 
natural state, suitable for reuse in restoring the excavated surface, shall be kept 
separate from the general excavation material.  The top 12 inches of the trench 
backfill shall be considered topsoil.  Save the topsoil to be used as backfill of the 
top 12 inches of the trench after pipe laying. 

O. Manner of Piling Excavated Material:  Place excavated material so that Work is 
not endangered or interferes with public traffic, or the stability of excavations 
and open trenches.  Do not place excavated material over buried pipelines or 
existing utilities unless adequate provisions are made to protect those pipelines 
and/or utilities.  Roads and driveways must be kept open in every case.  Keep 
drainage channels clear of obstructions or make other satisfactory provisions for 
drainage. 

P. Trenching by Machine or by Hand:  The use of trench digging machinery is 
approved except in places where operations of same will cause damage to 
existing structures above or below ground, in which case employ hand methods.  

Q. Trenching for Electrical Installations: 

1. Observe the Trench Excavation paragraph above. 

2. Modify for electrical installations as follows: 

a. Open no more than 600 LF of trench in exterior locations for trenches 
more than 12 IN, but not more than 30 IN wide. 

b. Any length of trench may be opened in exterior locations for trenches 
which are 12 IN wide or less. 

c. Do not over excavate trench. 

d. Cut trenches for electrical runs with minimum 30 IN cover, unless 
otherwise specified or shown on Drawings.   
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e. See Division 26 for additional requirements. 

3.3 BACKFILLING OF TRENCHES OUTSIDE ROADWAYS 

A. General:  This Section is intended to cover the requirements for trench backfill 
where trench is in open fields, unimproved alleys, fields, and other similar open 
areas, except public and private roadways. 

B. Time of Backfilling:  Backfill operations shall immediately follow pipe jointing, 
joint coating application, and curing. 

C. Braced and Sheeted Trenches:  Remove sheeting and shoring as backfilling 
operations progress.  Incorporate methods so that a good bond is obtained 
between the backfill material and the undisturbed trench walls. 

D. Protection of Pipe during Backfilling Operations:  Take the necessary 
precautions to protect the pipe during backfilling operations.  Take care to 
prevent damage to the pipe or to the pipe coating, and repair any damaged pipe 
before being “covered up”.  Backfill the trench to prevent the deformation or 
otherwise deflection of the cylindrical shape of the pipe by more than the 
allowable pipe deflection as specified elsewhere.  Use methods such as stulling 
or ellipsing as necessary. 

E. Site and Preparation:  In addition to clearing and grubbing of brush and trees 
along the right of way for this Project, alteration to the topography shall be done 
if indicated on the Drawings, at the locations and to the extent shown. 

F. Compaction:  All compaction shall be in accordance with specification 3.6 of this 
specification.  See specification section 3.6 for density and testing requirements. 

G. Backfill Procedure for Water Lines: 

1. Embedment material for water lines shall granular embedment material as 
specified in section 2.2 N.  Place the first lift of granular embedment material 
(bedding layer) to a depth slightly above the bottom of pipe grade and 
compact.  Lay pipe on this material to the indicated grade.  Provide bell 
holes to permit the pipe to rest on the full length of the barrel and to permit 
joint make-up. 

2. Place subsequent lifts of granular embedment uniformly on both sides of the 
pipe to a depth of 12 inches above the pipe. Compact using low ground 
pressure vibration or mechanical tamping in 6 to 8 inch loose lifts.  
Contractor shall take precautions to ensure no voids occur under the 
haunches of the pipe and to prevent disturbance of the pipe alignment.  The 
Contractor shall be responsible for any damage that may occur to the pipe.   
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3. Backfill above pipe zone: 

a. Under unimproved areas:  After placement and compaction of the granular 
embedment, place native backfill in the trench for the full width of the 
trench to the top of the trench. Consolidate this material by mechanical 
compaction in 6 to 8 inch loose lifts. The Contractor shall be responsible 
for any damage that may occur to the pipe.   

b. Under proposed paving:  After placement and compaction of the granular 
embedment, deposit native backfill in the trench for the full width of the 
trench to within 3 feet of pavement subgrade then place lime stabilized 
clay or cement stabilized sand or Owner approved select backfill to 
immediately below pavement subgrade. Consolidate this material by 
mechanical compaction in 6 to 8 inch loose lifts. The Contractor shall be 
responsible for any damage that may occur to the pipe.  

H. Backfill Procedure for Storm and Sanitary Lines: 

1. Embedment material for storm and sanitary sewer lines shall cement 
stabilized sand as defined in section 2.2 K.  Place the first lift of cement 
stabilized sand to the bottom of pipe grade and compact.  Lay pipe on this 
material to the indicated grade.  Provide bell holes to permit the pipe to rest 
on the full length of the barrel and to permit joint make-up. 

2. Place subsequent lifts of cement stabilized sand uniformly on both sides of 
the pipe to 12 inches above the top of the pipe. Compact using low ground 
pressure vibration or mechanical tamping in 6 to 8 inch loose lifts. Contractor 
shall take precautions to ensure no voids occur under the haunches of the 
pipe and to prevent disturbance of the pipe alignment. 

3. Backfill above pipe zone: 

a. Under unimproved areas:  Place the native material above the pipe zone 
in lifts not exceeding 8 inches loose depth. Mechanical compaction shall 
be utilized.  The Contractor shall be responsible for any damage that may 
occur to the pipe.  

b. Under proposed paving:  Continue placement and compaction of the 
cement stabilized sand in the trench for the full width above. Consolidate 
this material by mechanical compaction in 6 to 8 inch loose lifts.  The 
Contractor shall be responsible for any damage that may occur to the 
pipe. 

I. Surface Material Replacement: 

1. The top 12 inches of the trench backfill shall be composed of the original 
surface material or topsoil excavated from the trench.  Place the topsoil over 
the consolidated trench backfill material and neatly round over the trench to 
a sufficient height to allow settlement to grade after consolidation.  Grade the 
surface to allow drainage in the same manner as existed prior to 
construction. 
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2. Top soil shall not contain rocks or clods larger than those adjacent to the 
trench in the undisturbed condition. 

J. Backfill in Wet Conditions: 

1. If wet conditions are encountered, backfill utilities lines in accordance with 
details provided in the Drawings for wet trench construction. 

K. Flowable Fill: 

1. Backfill the pipe trench with flowable fill to 12 inches above the top of the 
pipe.  Pipe shall be blocked up on soil pads to allow a minimum of 6 inches 
of flowable fill below the pipe.   

2. Discharge from a mixer by any means acceptable to the Owner’s 
representative into the area to be filled. 

3. Place in 4 FT maximum lifts to the elevations indicated. 

a. Allow 12 HR set-up time before placing next lift or as approved by the 
Owner’s representative. 

b. Place flowable fill lifts in such a manner as to prevent flotation of the pipe. 

4. Do not place flowable fill on frozen ground. 

5. Place flowable fill on subgrade free of disturbed or softened material and 
water. 

6. Conform to appropriate requirements of Specification Section 31 23 00. 

7. Start flowable fill batching, mixing, and placing if weather conditions are 
favorable, and the air temperature is 34 DegF and rising. 

8. Temperature of flowable fill at the time of placement:  At least 40 DegF. 

9. Stop mixing and placing when the air temperature is 38 DegF or less and 
falling. 

10. Each filling stage shall be as continuous an operation as is practicable. 

11. Prevent traffic contact with flowable fill for at least 24 HRS after placement or 
until flowable fill is hard enough to prevent rutting by construction equipment. 

12. Do not place flowable fill until water has been controlled or groundwater level 
has been lowered in conformance with the requirements of the Groundwater 
Dewatering paragraph in this Specification Section. 

L. Backfilling for Electrical Installations: 

1. Observe backfilling methods described above or when approved by the 
Owner’s representative. 

2. Modify for electrical installation and observe notes and details on electrical 
drawings for fill in immediate vicinity of direct burial cables. 
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3.4 BACKFILL PROCEDURE FOR UTILITIES UNDER EXISTING PUBLIC AND 
PRIVATE ROADS OR UNDER OTHER UTILITIES 

A. Compact backfill material within the pipe zone as described in 3.3.  

B. For trench excavation above the pipe zone, fill the excavation to the pavement 
subgrade with cement stabilized sand compacted to 95 percent standard density 
at plus 2 to minus 1 percent optimum moisture in maximum 6 to 8 inch lifts. 

3.5 TRENCH SHORING AND BACKFILL 

A. Shoring of Trench Walls. 

1. Install Special Shoring in advance of trench excavation or simultaneously 
with trench excavation, so that soils within full height of trench excavation 
walls will remain laterally supported at all times. 

2. For all types of shoring, support trench walls in pipe embedment zone 
throughout installation.  Provide trench wall supports sufficiently tight to 
prevent washing trench wall soil out from behind trench wall support. 

3. Leave sheeting driven into or below pipe embedment zone in place to 
preclude loss of support of foundation and embedment materials, unless 
otherwise directed by Owner’s Representative.  Leave rangers, walers, and 
braces in place as long as required to support sheeting, which has been cut 
off, and trench wall in vicinity of pipe zone. 

4. Employ special methods for maintaining integrity of embedment or 
foundation material.  Before moving supports, place and compact 
embedment to sufficient depths to provide protection of pipe and stability of 
trench walls.  As supports are moved, finish placing and compacting 
embedment. 

5. If sheeting or other shoring is used below top of pipe embedment zone, do 
not disturb pipe foundation and embedment materials by subsequent 
removal.  Maximum thickness of removable sheeting extending into 
embedment zone shall be equivalent of 1-inch-thick steel plate.  As sheeting 
is removed, fill in voids left with grouting material. 

B. Use of Trench Shields.  When trench shield (trench box) is used as worker safety 
device, the following requirements apply: 

1. Make trench excavations of sufficient width to allow shield to be lifted or 
pulled freely, without damage to trench sidewalls. 

2. Move trench shields so that pipe, and backfill materials, after placement and 
compaction, are not damaged nor disturbed, nor degree of compaction 
reduced.  Recompact after shield is moved is soil is disturbed. 

3. When required, place, spread, and compact pipe foundation and bedding 
materials beneath shield.  For backfill above bedding, lift shield as each 
layer of backfill is placed and spread.  Place and compact backfill materials 
against undisturbed trench walls and foundation. 
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4. Maintain trench shield in position to allow sampling and testing to be 
performed in safe manner. 

5. Conform to applicable Government regulations. 

C. Voids under paving area outside shield caused by Contractor’s work will require 
removal of pavement, consolidation and replacement of pavement in accordance 
with Contract Documents.  Repair damage resulting from failure to provide 
adequate supports. 

D. Place sand or soil behind shoring or trench shield to prevent soil outside shoring 
from collapsing and causing voids under pavement.  Immediately pack suitable 
material in outside voids following excavation to avoid caving of trench walls. 

E. Coordinate excavation within 15 feet of pipeline with company’s representative.  
Support pipeline with methods agreed to by pipeline company’s representative.  
Use small, rubber–tired excavator, such as backhoe, to do exploratory 
excavation.  Bucket that is used to dig in close proximity to pipelines shall not 
have teeth or shall have guard installed over teeth to approximate bucket without 
teeth.  Excavate by hand within 1 foot of pipeline company’s line.  Do not use 
larger excavation equipment than normally used to dig trench in vicinity of 
pipeline until pipelines have been uncovered and fully exposed.  Do not place 
large excavation and hauling equipment directly over pipelines unless approved 
by pipeline company’s representative. 

3.6 COMPACTION 

A. General: 

1. Place and assure bedding, backfill, and fill materials achieve an equal or 
higher degree of compaction than undisturbed materials adjacent to the 
work. 

2. In no case shall degree of compaction below minimum compactions 
specified be accepted. 
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B. Compaction Requirements: 

1. Unless noted otherwise on Drawings or more stringently by other 
Specification Sections, comply with following minimum trench compaction 
criteria. 

 
LOCATION MATERIAL COMPACTION DENSITY 

All applicable areas Bank sand 95 percent of standard proctor density, +2 to -1% 
optimum density, by ASTM D698 and ASTM D2922 

 Pea gravel 95 percent of maximum relative density by 
ASTM D4253 and ASTM D4254 

 Well-graded crushed 
stone 

95 percent of maximum relative density by 
ASTM D4253 and ASTM D4254 

 Native backfill 95 percent of standard proctor density, +2 to -1% 
optimum density, by ASTM D698 and ASTM D2922 

 Cement stabilized sand 95 percent of standard proctor density, +2 to -1% 
optimum density, by ASTM D558 and ASTM D2992 

 

3.7 FIELD QUALITY CONTROL 

A. Testing: 

1. In-place density tests of compacted materials will be performed by Owner’s 
Representative according to the standards provided in section 3.6, and at 
the following frequencies and conditions. 

2. Owner will provide a recognized testing laboratory capable of performing a 
full range of testing procedures complying with the standards or testing 
procedures specified. The testing lab shall provide certified technicians that 
are trained and knowledgeable in, in-trench nuclear density testing, sand 
cone, concrete sampling and testing, ASTM D698 and D1557 proctors at a 
minimum.  

3. Testing Frequency:  Accommodate the Owner’s Representative in 
performing the following: 

a. Testing:  Pothole every 1000 feet and grab Samples at pipe level for 
materials testing and proctors. 

b. Owner’s Representative shall take a minimum of three in-trench/ pipe 
zone nuclear density tests every 150 feet of installed pipe. 

c. Owner’s Representative shall take a minimum of three nuclear density 
tests above the pipe zone for every 150 feet. 

d. Owner’s Representative shall take a minimum of three in-trench/pipe 
zone nuclear density test and a minimum of three above pipe zone 
nuclear density test at all open cut road crossings. 

e. Contractor to update his field “as-built” drawings with density test 
locations in the profile. 
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4. When requested by Owner’s Representative, Contractor shall excavate test 
pits after the backfill has been placed and compacted in the pipe zone for 
the purpose of taking field density tests and inspecting the haunch areas 
under the pipe for voids. 

5. When requested by Owner’s Representative, Contractor shall excavate the 
test pits to a depth and area of sufficient size to allow the inspector to 
visually inspect the haunch area of the pipe for voids or loose material next 
to the pipe and to make a field density test. Provide a safety trench shield to 
protect the inspector while in the pit. 

6. After inspection, backfill and compact the test pit area in accordance with the 
applicable specification herein. 

7. Dig one test pit for inspection of each day’s work, if deemed necessary, as 
determined by the Owner’s representative. Repair and replace areas that 
are found not to be in compliance with the Specification requirements, until 
satisfactory results are consistently and uniformly attained. 

8. Special care should be taken by the Contractor to ensure the backfill 
material flows under the pipe haunches. The Contract’s method and 
procedures used to accomplish this will be observed to confirm that 
adequate results are being achieved. This may require the removal of pipe 
joints to observe the results and make density tests. Pipe laying shall not 
begin until satisfactory results are achieved by the Contractor’s proposed 
method.  Perform additional tests as directed until compaction meets or 
exceeds requirements. 

a. Cost associated with "Failing" tests shall be paid by Contractor. 

9. Assure Owner’s representative has immediate access for testing of all soils 
related work. 

10. Ensure excavations are safe for testing personnel. 

 

END OF SECTION 
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SECTION 31 21 33.01

EXTRA UNIT PRICE WORK FOR EXCAVATION AND BACKFILL

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Measurement and payment applicable to extra unit price work items for 
excavation and backfill made necessary by unusual or unforeseen 
circumstances encountered during utility installations.

2. Extra unit price work for excavation and backfill is paid only when 
authorized in advance by Owner or Owner’s representative.

B. Related Specification Sections include, but are not necessarily limited to:

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of 
the Contract.

2. Division 01 – General Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Excavation Around Obstructions:  Payment for excavation around 
obstructions is on cubic yard basis, measured in place, without deduction for 
volume occupied by portions of pipes, ducts, or other structures left in place 
across trenches excavated under this item.

B. Extra Hand Excavation:  Payment for extra hand excavation is on cubic yard 
basis, measured in place.

C. Extra Machine Excavation:  Payment for extra machine excavation is on 
cubic yard basis, measured in place.

D. Extra Placement of Backfill Material:  Payment for extra placement of backfill 
material is on cubic yard basis, measured in place, for material installed as 
part of Work.  At discretion of Owner or Owner’s representative, 
measurement of cubic yards may be calculated from volume of Extra Hand 
Excavation or Extra Machine Excavation for which replacement is made, 
minus volume of any Extra Placement of Granular Backfill authorized in 
conjunction with Work.

E. Extra Placement of Granular Backfill:  Payment for extra placement of 
granular backfill material is on cubic yard basis, measured in place.

F. Extra Select Backfill: Payment for extra select backfill is on cubic yard basis, 
measured in place for a theoretical minimum trench width.  The Owner or 
Owner’s representative may authorize extra select backfill when soil from the 
excavation work does not include adequate quantities for placement of 
suitable on-site material (random backfill).

G. Refer to Section 00 21 00 – Unit Prices for unit price procedures. 
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1.3 DEFINITIONS

A. Excavation Around Obstructions:  Excavation necessitated by obstruction of 
pipes (other than service connections 3 inches in diameter or less), ducts, or 
other structures, not shown on Drawings, and of an unusual or unforeseen 
nature which interfere with installation of utility piping by normal methods of 
excavation or auguring.

B. Extra Hand Excavation:  Excavation by manual labor made necessary by 
unusual or unforeseen circumstances at locations approved in advance by 
Owner’s representative.

C. Extra Machine Excavation:  Excavation by machine at or near project site to 
perform related work not included in original project scope but added for 
convenience of Owner, as approved in advance by Owner’s representative.

D. Extra Placement of Backfill Material:  Handling, backfill, and compaction of 
excavated material authorized under extra work bid items for Extra Hand 
Excavation or Extra Machine Excavation.  Placement and compaction shall 
conform to requirements specified for excavation and backfill in Division 31 – 
Earthwork.

E. Extra Placement of Granular Backfill:  Hauling, placing, and compacting 
granular backfill materials as approved by Owner’s representative in 
conjunction with Extra Placement of Backfill Material.  Materials placed under 
this item shall conform to requirements for Bank Run Sand, Cement 
Stabilized Sand, Concrete Sand, Gem Sand, Crushed Stone, or Crushed 
Concrete specified for backfill material in Division 31 - Earthwork.

F. Extra Select Backfill: Unsuitable material removed from the project and 
select backfill material hauled to the project, or conditioning unsuitable 
material on the site to make it select backfill.  Provide select backfill material 
specified in Section 31 21 33 Trenching, Backfilling, and Compacting for 
Utilities.

PART 2 - PRODUCTS  (Not Used)

PART 3 - EXECUTION  (Not Used)

END OF SECTION
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SECTION 31 23 00

EARTHWORK

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Earthwork.

B. Related Specification Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. ASTM International (ASTM):

a. C33, Standard Specification for Concrete Aggregates.

b. D698, Standard Test Method for Laboratory Compaction Characteristics 
of Soil Using Standard Effort (12,400 ft-lbf/ft3).

c. D1557, Standard Test Method for Laboratory Compaction 
Characteristics of Soil Using Modified Effort (56,000 ft-lbf/ft3(2,700 kN-
m/m)).

d. D6938, Standard Test Methods for In-place Density and Water Content 
of Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth).

e. D3786, Standard Test Method for Hydraulic Bursting Strength of Knitted 
Goods and Nonwoven Fabrics:  Diaphragm.

f. D4253, Standard Test Methods for Maximum Index Density and Unit 
Weight of Soils Using a Vibratory Table.

g. D4254, Standard Test Methods for Minimum Index Density and Unit 
Weight of Soils and Calculation of Relative Density.

h. D4632, Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles.

i. D6572, Standard Test Methods for Determining Dispersive 
Characteristics of Clayey Soils by the Crumb Test (Only applicable to the 
Raw Water Intake project).
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1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.

2. Product technical data including:

a. Acknowledgement that products submitted meet requirements of 
standards referenced.

b. Manufacturer's installation instructions.

3. Certifications.

4. Test reports:

a. Soils inspection and testing results.

B. Samples:

1. Submit samples and source of fill and backfill materials proposed for use.

2. Submit samples and source of borrow materials proposed for use.

PART 2 - PRODUCTS

2.1 MATERIALS

A. Fill and Backfill:  Selected material approved by Owner’s representative (Soils 
Engineer) from site excavation or from off site borrow.

B. Granular Fill Under Building Floor Slabs-On-Grade:  Clean, crushed, nonporous 
rock, crushed or uncrushed gravel complying with ASTM C33 gradation size 
No. 67, 3/4 IN to No. 4.

C. Granular Fill Under Ground Storage Tanks:

1. Drainage material:  Conform to ASTM C33, Size No. 67 with less than 8% 
passing the No. 200 sieve.

2. Filter material:  Conform to ASTM C33 requirements for fine aggregate.

D. Select Fill (Structural Fill):

1. Selected material consisting of either lean silty or sandy clay.

2. Liquid Limit less than 40.

3. Plasticity index between 8 and 20.

E. Geotextile Filter Fabric:

1. Non-woven type.

2. Equivalent opening size:  50-100 (U.S. Standard Sieve).

3. Permeability coefficient (cm/second):  0.07 minimum, 0.30 maximum.

4. Grab strength:  90 LBS minimum in either direction in accordance with 
ASTM D4632 requirements.
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5. Mullen burst strength:  125 psi minimum in accordance with ASTM D3786 
requirements.

PART 3 - EXECUTION

3.1 PROTECTION

A. Protect existing surface and subsurface features on-site and adjacent to site as 
follows:

1. Provide barricades, coverings, or other types of protection necessary to 
prevent damage to existing items indicated to remain in place.

2. Protect and maintain bench marks, monuments or other established 
reference points and property corners.

a. If disturbed or destroyed, replace at own expense to full satisfaction of 
Owner and controlling agency.

3. Verify location of utilities.

a. Omission or inclusion of utility items does not constitute non-existence or 
definite location.

b. Secure and examine local utility records for location data.

c. Take necessary precautions to protect existing utilities from damage due 
to any construction activity.

d. Repair damages to utility items at own expense.

e. In case of damage, notify Owner’s representative at once so required 
protective measures may be taken.

4. Maintain free of damage, existing sidewalks, structures, and pavement, not 
indicated to be removed.

a. Any item known or unknown or not properly located that is inadvertently 
damaged shall be repaired to original condition.

b. All repairs to be made and paid for by Contractor.

5. Provide full access to public and private premises, fire hydrants, street 
crossings, sidewalks and other points as designated by Owner to prevent 
serious interruption of travel.

6. Maintain stockpiles and excavations in such a manner to prevent 
inconvenience or damage to structures on-site or on adjoining property.

7. Avoid surcharge or excavation procedures which can result in heaving, 
caving, or slides.

B. Salvageable Items:  Carefully remove items to be salvaged, and store on 
Owner's premises unless otherwise directed.

C. Dispose of waste materials, legally, off site.

1. Burning, as a means of waste disposal, is not permitted.



WHCRWA

EARTHWORK                                                                                    CENTRAL PUMP STATION 

10/18/2018 WHCRWA CENTRAL PUMP STATION
EARTHWORK

31 23 00 - 4 OF 14

3.2 SITE EXCAVATION AND GRADING

A. The work includes all operations in connection with excavation, borrow, 
construction of fills and embankments, rough grading, and disposal of excess 
materials in connection with the preparation of the site(s) for construction of the 
proposed facilities.

B. Excavation and Grading:  Perform as required by the Contract Drawings.

1. Contract Drawings may indicate both existing grade and finished grade 
required for construction of Project.

a. Stake all units, structures, piping, roads, parking areas and walks and 
establish their elevations.

b. Perform other layout work required.

c. Replace property corner markers to original location if disturbed or 
destroyed.

2. Preparation of ground surface for embankments or fills:

a. Before fill is started, Proof Roll all proposed embankment and fill areas.

b. Where ground surface is steeper than one vertical to four horizontal, 
plow surface in a manner to bench and break up surface so that fill 
material will bind with existing surface.

3. Protection of finish grade:

a. During construction, shape and drain embankment and excavations.

b. Maintain ditches and drains to provide drainage at all times.

c. Protect graded areas against action of elements prior to acceptance of 
work.

d. Reestablish grade where settlement or erosion occurs.

C. Borrow:

1. Provide necessary amount of approved fill compacted to density equal to 
that indicated in this Specification Section.

2. Include cost of all borrow material in original proposal.

3. Fill material to be approved by Owner’s representative (Soils Engineer) prior 
to placement.

D. Construct embankments and fills as required by the Contract Drawings:

1. Construct embankments and fills at locations and to lines of grade indicated.

a. Completed fill shall correspond to shape of typical cross section or 
contour indicated regardless of method used to show shape, size, and 
extent of line and grade of completed work.
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2. Provide approved fill material which is free from roots, organic matter, trash, 
frozen material, and stones having maximum dimension greater than 6 IN.

a. Ensure that stones larger than 4 IN are not placed in upper 6 IN of fill or 
embankment.

b. Do not place material in layers greater than 8 IN loose thickness.

c. Place layers horizontally and compact each layer prior to placing 
additional fill.

3. Compact by sheepsfoot, pneumatic rollers, vibrators, or by other equipment 
as required to obtain specified density.

a. Control moisture for each layer necessary to meet requirements of 
compaction.

3.3 USE OF EXPLOSIVES

A. Blasting with any type of explosive is prohibited.

3.4 FIELD QUALITY CONTROL

A. Do not include in bid price the cost of inspection services indicated herein as 
being performed by the Owner’s representative (Soils Engineer).

B. Moisture density relations to be established by the Owner’s representative 
(Soils Engineer) required for all materials to be compacted.

C. Extent of compaction testing will be as necessary to assure compliance with 
Specifications.

D. Give minimum of 24 HR advance notice to Owner’s representative (Soils 
Engineer) when ready for compaction or subgrade testing and inspection.

E. Should any compaction density test or subgrade inspection fail to meet 
Specification requirements, perform corrective work as necessary.

F. Contractor shall reimburse Owner for all costs associated with corrective work 
and retesting resulting from failing compaction density tests.

3.5 COMPACTION DENSITY REQUIREMENTS

A. Obtain approval from Owner’s representative (Soils Engineer) with regard to 
suitability of soils and acceptable subgrade prior to subsequent operations.

B. Provide dewatering system necessary to successfully complete compaction and 
construction requirements.

C. Remove frozen, loose, wet, or soft material and replace with approved material 
as directed by Owner’s representative (Soils Engineer).

D. Stabilize subgrade with well graded granular materials as directed by Owner’s 
representative (Soils Engineer).

E. Assure by results of testing that compaction densities comply with the following 
requirements:
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1. Sitework:

LOCATION COMPACTION DENSITY

Under Paved Areas, Sidewalks and Piping:

Cohesive soils 100 percent per ASTM D698

Cohesionless soils 75 percent relative density per ASTM D4253 
and ASTM D4254

Unpaved Areas:

Cohesive soils 85 percent of ASTM D698

Cohesionless soils 60 percent relative density per ASTM D4253 
and ASTM D4254

2. Structures:

LOCATION COMPACTION DENSITY

Inside of structures under foundations, under 
equipment support pads, under slabs-on-
grade and scarified existing subgrade under 
fill material

95 percent per ASTM D698 with moisture 
content between optimum and 3% of dry 
optimum

Outside structures next to walls, piers, 
columns and any other structure exterior 
member

90 percent per ASTM D698 with moisture 
content between optimum and 3% of dry 
optimum

3. Specific areas:

LOCATION COMPACTION DENSITY

Outside structures under equipment support 
foundations

95 percent per ASTM D698 with moisture 
content between optimum and 3% of dry 
optimum

Granular fill under ground storage tanks, and 
under building floor slabs-on-grade

95 percent of maximum dry density per 
ASTM D1557.

F. Nuclear gage density testing is allowable.

3.6 EXCAVATION, FILLING, AND BACKFILLING FOR STRUCTURES

A. General:

1. In general, work includes, but is not necessarily limited to, excavation for 
structures and retaining walls, removal of underground obstructions and 
undesirable material, backfilling, filling, and fill, backfill, and subgrade 
compaction.

2. Obtain fill and backfill material necessary to produce grades required.

a. Materials and sources to be approved by Owner’s representative (Soils 
Engineer).

b. Excavated material approved by Owner’s representative (Soils Engineer) 
may also be used for fill and backfill.
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3. In this Specification Section, the word "foundations" includes footings, base 
slabs, foundation walls, mat foundations, grade beams, piers and any other 
support placed directly on soil.

4. In this Specification Section, the word "soil" also includes any type of rock 
subgrade that may be present at or below existing subgrade levels.

B. Excavation Requirements for Structures:

1. General:

a. Do not commence excavation for foundations for structures until Owner’s 
representative (Soils Engineer) approves:

1) The removal of topsoil and other unsuitable and undesirable material 
from existing subgrade.

2) Density and moisture content of site area compacted fill material 
meets requirements of specifications.

3) Site surcharge or mass fill material can be removed from entire 
construction site or portion thereof.

4) Surcharge or mass fill material has been removed from construction 
area or portions thereof.

b. Owner’s representative grants approval to begin excavations.

2. Dimensions:

a. Excavate to elevations and dimensions indicated or specified.

b. Allow additional space as required for construction operations and 
inspection of foundations.

3. Removal of obstructions and undesirable materials in excavation includes, 
but is not necessarily limited to, removal of old foundations, existing 
construction, unsuitable subgrade soils, expansive type soils, and any other 
materials which may be concealed beneath present grade, as required to 
execute work indicated on Contract Drawings.

a. If undesirable material and obstructions are encountered during 
excavation, remove material and replace as directed by Owner’s 
representative (Soils Engineer).

4. Level off bottoms of excavations to receive foundations, floor slabs, 
equipment support pads, or compacted fill.

a. Remove loose materials and bring excavations into approved condition 
to receive concrete or fill material.

b. Where compacted fill material must be placed to bring subgrade 
elevation up to underside of construction, scarify existing subgrade upon 
which fill material is to be placed to a depth of 6 IN and then compact to 
density stated in this Specification Section before fill material can be 
placed thereon.
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c. Do not carry excavations lower than shown for foundations except as 
directed by Owner’s representative (Soils Engineer).

d. If any part of excavations is carried below required depth without 
authorization, maintain excavation and start foundation from excavated 
level with concrete of same strength as required for superimposed 
foundation, and no extra compensation will be made to Contractor 
therefore.

5. Make excavations large enough for working space, forms, dampproofing, 
waterproofing, and inspection.

6. Notify Owner’s representative (Soils Engineer) as soon as excavation is 
completed in order that subgrades may be inspected.

a. Do not commence further construction until subgrade under compacted 
fill material, under foundations, under floor slabs-on-grade, under 
equipment support pads, and under retaining wall footings has been 
inspected and approved by the Owner’s representative (Soils Engineer) 
as being free of undesirable material, being of compaction density 
required by this Specification Section, and being capable of supporting 
the allowable foundation design bearing pressures and superimposed 
foundation, fill, and building loads to be placed thereon.

b. Owner’s representative (Soils Engineer) shall be given the opportunity to 
inspect subgrade below fill material both prior to and after subgrade 
compaction.

c. Place fill material, foundations, retaining wall footings, floor slabs-on-
grade, and equipment support pads as soon as weather conditions 
permit after excavation is completed, inspected, and approved and after 
forms and reinforcing are inspected and approved.

d. Before concrete or fill material is placed, protect approved subgrade from 
becoming loose, wet, frozen, or soft due to weather, construction 
operations, or other reasons.

7. Dewatering:

a. Where groundwater is or is expected to be encountered during 
excavation, install a dewatering system to prevent softening and 
disturbance of subgrade below foundations and fill material, to allow 
foundations and fill material to be placed in the dry, and to maintain a 
stable excavation side slope.

b. Groundwater shall be maintained at least 3 FT below the bottom of any 
excavation.

c. Review soils investigation before beginning excavation and determine 
where groundwater is likely to be encountered during excavation.

d. Employ dewatering specialist for selecting and operating dewatering 
system.

e. Keep dewatering system in operation until dead load of structure 
exceeds possible buoyant uplift force on structure.
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f. Dispose of groundwater to an area which will not interfere with 
construction operations or damage existing construction.

1) Install groundwater monitoring wells as necessary.

g. Shut off dewatering system at such a rate to prevent a quick upsurge of 
water that might weaken the subgrade.

8. Subgrade stabilization:

a. If subgrade under foundations, fill material, floor slabs-on-grade, or 
equipment support pads is in a frozen, loose, wet, or soft condition 
before construction is placed thereon, remove frozen, loose, wet, or soft 
material and replace with approved compacted material as directed by 
Owner’s representative (Soils Engineer).

b. Provide compaction density of replacement material as stated in this 
Specification Section.

c. Loose, wet, or soft materials, when approved by Owner’s representative 
(Soils Engineer), may be stabilized by a compacted working mat of well 
graded crushed stone.

d. Compact stone mat thoroughly into subgrade to avoid future migration of 
fines into the stone voids.

e. Remove and replace frozen materials as directed by Owner’s 
representative (Soils Engineer).

f. Method of stabilization shall be performed as directed by Owner’s 
representative (Soils Engineer).

g. Do not place further construction on the repaired subgrades, until the 
subgrades have been approved by the Owner’s representative (Soils 
Engineer).

9. Do not place floor slabs-on-grade including equipment support pads until 
subgrade below has been approved, piping has been tested and approved, 
reinforcement placement has been approved, and Contractor receives 
approval to commence slab construction.

a. Do not place building floor slabs-on-grade including equipment support 
pads when temperature of air surrounding the slab and pads is or is 
expected to be below 40 DegF before structure is completed and heated 
to a temperature of at least 50 DegF.

10.Protection of structures:

a. Prevent new and existing structures from becoming damaged due to 
construction operations or other reasons.

b. Prevent subgrade under new and existing foundations from becoming 
wet and undermined during construction due to presence of surface or 
subsurface water or due to construction operations.

11.Shoring:
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a. Shore, sheet pile, slope, or brace excavations as required to prevent 
them from collapsing.

b. Remove shoring as backfilling progresses, but only when banks are 
stable and safe from caving or collapse.

12.Drainage:

a. Control grading around structures so that ground is pitched to prevent 
water from running into excavated areas or damaging structures.

b. Maintain excavations where foundations, floor slabs, equipment support 
pads or fill material are to be placed free of water.

c. Provide pumping required to keep excavated spaces clear of water 
during construction.

d. Should any water be encountered in the excavation, notify Owner’s 
representative (Soils Engineer).

e. Provide free discharge of water by trenches, pumps, wells, well points, or 
other means as necessary and drain to point of disposal that will not 
damage existing or new construction or interfere with construction 
operations.

13.Frost protection:

a. Do not place foundations, slabs-on-grade, equipment support pads, or fill 
material on frozen ground.

b. When freezing temperatures may be expected, do not excavate to full 
depth indicated, unless foundations, floor slabs, equipment support pads, 
or fill material can be placed immediately after excavation has been 
completed and approved.

c. Protect excavation from frost if placing of concrete or fill is delayed.

d. Where a concrete slab is a base slab-on-grade located under and within 
a structure that will not be heated, protect subgrade under the slab from 
becoming frozen until final acceptance of the Project by the Owner.

e. Protect subgrade under foundations of a structure from becoming frozen 
until structure is completed and heated to a temperature of at least 50 
DegF.

C. Fill and Backfill Inside of Structure and Below Foundations, Base Slabs, Floor 
Slabs, Equipment Support Pads and Piping:

1. General:

a. Subgrade to receive fill or backfill shall be free of undesirable material as 
determined by Owner’s representative (Soils Engineer) and Proof Rolled 
and compacted to density specified herein.

b. Surface may be stepped by at not more than 12 IN per step or may be 
sloped at not more than 2 percent.
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c. Do not place any fill or backfill material until subgrade under fill or backfill 
has been inspected and approved by Owner’s representative (Soils 
Engineer) as being free of undesirable material and compacted to 
specified density.

2. Obtain approval of fill and backfill material and source from Owner’s 
representative (Soils Engineer) prior to placing the material.

3. Granular fill under floor slabs-on-grade:  Place all floor slabs-on-grade on a 
minimum of 6 IN of granular fill unless otherwise indicated.

4. Granular fill under Ground Storage Tank Foundations:

a. Provide minimum thickness as indicated in Drawings.

b. Compact as specified in this Specification Section.

c. A geotextile filter fabric approved by the Owners’ Representative 
(Soils Engineer) may be substituted for the filter material.

5. Geotextile filter fabric:

a. Lap filter fabric 12 IN at splices.

b. Cover punctures and tears with an additional layer of fabric lapped 12 IN 
all around.

c. Do not puncture fabric with grade stakes or other items.

d. Spread the drainage material over the filter fabric in the direction of the 
lap splices.

6. Vapor barrier:  Install a continuous vapor barrier under floor slabs-on-grade 
as required by Specification Section 07 26 00 and shown on Contract 
Drawings.

7. Fill and backfill placement:

a. Prior to placing fill and backfill material, optimum moisture and maximum 
density properties for proposed material shall be obtained from Owner’s 
representative (Soils Engineer).

b. Place fill and backfill material in thin lifts as necessary to obtain required 
compaction density.

c. Compact material by means of equipment of sufficient size and proper 
type to obtain specified density.

d. Use hand operated equipment for filling and backfilling next to walls.

e. Do not place fill and backfill when the temperature is less than 40 DegF 
and when subgrade to receive fill and backfill material is frozen, wet, 
loose, or soft.

f. Use vibratory equipment to compact granular material; do not use water.

8. Where fill material is required below foundations, place fill material, 
conforming to the required density and moisture content, outside the exterior 
limits of foundations located around perimeter of structure the following 
horizontal distance whichever is greater:



WHCRWA

EARTHWORK                                                                                    CENTRAL PUMP STATION 

10/18/2018 WHCRWA CENTRAL PUMP STATION
EARTHWORK

31 23 00 - 12 OF 14

a. As required to provide fill material to indicated finished grade.

b. 5 FT.

c. Distance equal to depth of compacted fill below bottom of foundations.

d. As directed by Owner’s representative (Soils Engineer).

D. Filling and Backfilling Outside of Structures.

1. This paragraph of this Specification Section applies to fill and backfill placed 
outside of structures above bottom level of both foundations and piping, but 
not under paving.

2. Provide material as approved by Owner’s representative (Soils Engineer) for 
filling and backfilling outside of structures.

3. Fill and backfill placement:

a. Prior to placing fill and backfill material, obtain optimum moisture and 
maximum density properties for proposed material from Owner’s 
representative (Soils Engineer).

b. Place fill and backfill material in thin lifts as necessary to obtain required 
compaction density.

c. Compact material with equipment of proper type and size to obtain 
density specified.

d. Use only hand operated equipment for filling and backfilling next to walls 
and retaining walls.

e. Do not place fill or backfill material when temperature is less than 40 
DegF and when subgrade to receive material is frozen, wet, loose, or 
soft.

f. Use vibratory equipment for compacting granular material; do not use 
water.

4. Backfilling against walls:

a. Do not backfill around any part of structures until each part has reached 
specified 28-day compressive strength and backfill material has been 
approved.

b. Do not start backfilling until concrete forms have been removed, trash 
removed from excavations, pointing of masonry work, concrete finishing, 
dampproofing and waterproofing have been completed.

c. Do not place fills against walls until floor slabs at top, bottom, and at 
intermediate levels of walls are in place and have reached 28-day 
required compressive strength to prevent wall movement.

d. Bring backfill and fill up uniformly around the structures and individual 
walls, piers, or columns.
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E. Backfilling Outside of Structures Under Piping or Paving:

1. When backfilling outside of structures requires placing backfill material 
under piping or paving, the material shall be placed from bottom of 
excavation to underside of piping or paving at the density required for fill 
under piping or paving as indicated in this Specification Section.

2. This compacted material shall extend transversely to the centerline of piping 
or paving a horizontal distance each side of the exterior edges of piping or 
paving equal to the depth of backfill measured from bottom of excavation to 
underside of piping or paving.

3. Provide special compacted bedding or compacted subgrade material under 
piping or paving as required by other Specification Sections in the Project.

3.7 SPECIAL REQUIREMENTS

A. Erosion Control:

1. Conduct work to minimize erosion of site.

2. Construct stilling areas to settle and detain eroded material.

3. Remove eroded material washed off site.

4. Clean streets daily of any spillage of dirt, rocks or debris from equipment 
entering or leaving site.

END OF SECTION
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SECTION 31 25 00

SOIL EROSION AND SEDIMENT CONTROL

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Soil erosion and sediment control.

B. Related Specification Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract.

2. Division 01 - General Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost 
in associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. Erosion control standards: "Standards and Specifications for Soil 
Erosion and Sediment Control in Developing Areas" by the United Sates 
Department of Agriculture (USDA), Soil Conservation Service, College 
Park, Maryland.

B. SUBMITTALS

1. Shop Drawings:

a. Storm Water Pollution Prevention Plan

1.4 PROJECT CONDITIONS

A. See Section 31 10 00 – Site Clearing.

PART 2 - PRODUCTS

2.1 MATERIALS

A. Pipe Riser and Barrel:  16 GA corrugated metal pipe (CMP) of size indicated.

B. Stone for Stone Filter:  2 IN graded gravel or crushed stone.

C. Grass Seed:  As specified in Specification 32 92 13 or Texas Department of 
Transportation Specification 164.

D. Reinforced Filter Fabric Barrier:  See Section 01 56 26.02 – Reinforced Filter 
Fabric Barrier
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PART 3 - EXECUTION

3.1 PREPARATION

A. Prior to General Stripping Topsoil and Excavating:

1. Install perimeter dikes and swales as indicated on drawings.

2. Excavate and shape sediment basins and traps as indicated on 
drawings.

3. Construct pipe spillways and install stone filter where required as 
indicated on drawings.

4. Machine compact all berms, dikes and embankments for basins and 
traps as indicated on drawings.

B. Construct sediment traps where indicated on Drawings during rough grading 
as grading progresses.

C. Provide Reinforced Filter Fabric Barriers as indicated on drawings and 
specified in Section 01 56 26.02 – Reinforced Filter Fabric Barrier.

D. Temporarily seed basin slopes and topsoil stockpiles:

1. Rate: 1/2 LB/1000 SF.

2. Reseed as required until good stand of grass is achieved and 
acceptable to Owner’s representative.

3.2 DURING CONSTRUCTION PERIOD

A. Maintain Basins, Dikes, Traps, Stone Filters, Fabric Barriers, Etc.:

1. Inspect regularly and after rainstorms.

2. Repair or replace damaged or missing items.

B. After rough grading, sow temporary grass cover over all exposed earth areas 
not draining into sediment basin or trap.

C. Construct inlets as soon as possible.

1. Excavate and tightly secure erosion control system completely around 
inlets as detailed on Drawings.

D. Provide necessary swales and dikes to direct all water towards and into 
sediment basins and traps.

E. Do not disturb existing vegetation (grass and trees).

F. Excavate sediment out of basins and traps when capacity has been reduced 
by 50 percent.

1. Remove sediment from behind erosion protection system to prevent 
overtopping.

G. Topsoil and Fine Grade Slopes and Swales, Etc.:

1. Seed and mulch as soon as areas become ready.
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3.3 NEAR COMPLETION OF CONSTRUCTION

A. Contractor shall coordinate with the Owner’s representative prior to removal 
of any of the following soil erosion and sediment control devices: basins, 
dikes, traps, fabric barriers, etc. 

B. Grade to finished or existing grades.

C. Fine grade all remaining earth areas, then seed and mulch.

END OF SECTION
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SECTION 31 38 25 

GEOTEXTILES 

PART 1 - GENERAL 
1.1 SUMMARY 

A. Section Includes: 

1. Non-woven geotextile material. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 - General Requirements. 

3. Section 31 23 00 -Earthwork. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost 
in associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Association of State Highway Transportation Officials 
(AASHTO): 

a. M288, Standard Specification for Geotextile Specification for 
Highway Application. 

2. ASTM International (ASTM): 

a. D3786, Standard Test Method for Hydraulic Bursting Strength of 
Textile Fabrics-Diaphragm Bursting Strength Tester Method. 

b. D4355, Standard Test Method for Deterioration of Geotextiles by 
Exposure to Light, Moisture and Heat in a Xenon Arc Type 
Apparatus. 

c. D4491, Standard Test Methods for Water Permeability of 
Geotextiles by Permittivity. 

d. D4533, Standard Test Method for Trapezoid Tearing Strength of 
Geotextiles. 

e. D4632, Standard Test Method for Grab Breaking Load and 
Elongation of Geotextiles. 

f. D4751, Standard Test Method for Determining Apparent Opening 
Size of a Geotextile. 
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g. D4759, Standard Practice for Determining the Specification 
Conformance of Geosynthetics. 

h. D4833, Standard Test Method for Index Puncture Resistance of 
Geomembranes and Related Products. 

i. D4873, Standard Guide for Identification, Storage, and Handling of 
Geosynthetic Rolls and Samples. 

j. D5261, Standard Test Method for Measuring Mass per Unit Area of 
Geotextiles. 

B. Qualifications: 

1. Each manufacturing, fabricating firm shall demonstrate five (5) years 
continuous experience, including a minimum of 10,000,000 SF of 
geotextile installation in the past three (3) years. 

2. Installing firm shall demonstrate that the site Superintendent or Foreman 
has had responsible charge for installation of a minimum of 500,000 SF 
of geotextile. 

3. Installer shall attend pre-installation conference. 

1.4 DEFINITIONS 

A. Manufacturer:  Manufacturer producing geotextile sheets from resin and 
additives. 

B. Installer:  The Installers are the individuals actually performing the hands-on 
work in the field. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics 
and administration of the submittal process. 

2. Manufacturer's documentation that raw materials and roll materials 
comply with required geotextile physical properties. 

3. Manufacturer and Installer quality control manuals. 

4. Original test results for resins, roll material and factory seam tests at 
frequency specified in respective quality control manuals. 

a. Results shall include or bracket the rolls delivered for use in the 
Work. 

5. Geotextile layout plan with proposed size, number, position and 
sequencing of geotextile rolls and direction of all field seams shall be 
provided for the Ground Storage Tank locations only. All other 
installations shall follow the locations indicated in the design plans. 
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6. Proposed details of anchoring and overlapping if different than included 
in Contract Documents.  

B. Miscellaneous Submittals: 

1. See Specification Section 01 33 00 for requirements for the mechanics 
and administration of the submittal process. 

2. For needle punched geotextiles, the Manufacturer shall certify that the 
geotextile has been continuously inspected using permanent on-line full-
width metal detectors and does not contain any needles which could 
damage other geosynthetic layers. 

3. Qualification documentation specified in the QUALITY ASSURANCE 
Article. 

1.6 DELIVERY, STORAGE AND HANDLING 

A. See Specification Section 01 65 50. 

B. Label, handle, and store geotextiles in accordance with ASTM D4873 and as 
specified herein. 

C. Wrap each roll in an opaque and waterproof layer of plastic during shipment 
and storage. 

1. Do not remove the plastic wrapping until deployment. 

D. Label each roll with the manufacturer's name, geotextile type, lot number, roll 
number, and roll dimensions (length, width, gross weight). 

E. Repair or replace geotextile or plastic wrapping damaged as a result of 
storage or handling, as directed. 

F. Do not expose geotextile to temperatures in excess of 71 DegC (160 DegF) 
or less than 0 DegC (32 DegF) unless recommended by the manufacturer. 

G. Do not use hooks, tongs or other sharp instruments for handling geotextile. 

1. Do not lift rolls by cables or chains in contact with the geotextile. 

2. Do not drag geotextile along the ground. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. GSE Lining Technology. 

2. Propex Geosynthetics. 

3. SKAPS Industries. 

4. TenCate Mirafi. 



 WHCRWA 
GEOTEXTILES  CENTRAL PUMP STATION  

 

WHCRWA CENTRAL PUMP STATION 
GEOTEXTILES 

31 38 25 - 4 OF 6 

B. Submit request for substitution in accordance with Specification Section 01 
25 13. 

2.2 MATERIALS AND MANUFACTURE 

A. Geotextile: 

1. Non-woven pervious sheet of polymeric material. 

2. Geotextile fibers: 

a. Long-chain synthetic polymer composed of at least 85 percent by 
weight polyolefins, polyesters, or polyamides. 

b. Filaments resistant to deterioration by ultraviolet light, oxidation, 
and heat exposure. 

c. Do not -add reclaimed or recycled fibers or polymer to the 
formulation. 

3. Form geotextile into a network such that the filaments or yarns retain 
dimensional stability relative to each other, including the selvages. 

4. The geotextile physical properties shall equal or exceed the minimum 
average roll values listed below. 

a. Values shown are for the weaker principal direction. 

b. Acceptance of geotextile shall be in accordance with ASTM D4759. 

c. Type 2 Geotextile:  AASHTO M288 Class 2, for use in drainage 
composite and other areas shown on the Drawings. 

 

PROPERTY 
TEST 

METHOD 

MINIMUM 
AVERAGE 

ROLL VALUE 
Mass per Unit Area, OZ/SY ASTM 

D5261 
=8 

AOS, U.S. Sieve ASTM 
D4751 

70-100 

Permittivity, SEC-1 ASTM 
D4491 

=0.5 

Puncture, LBS ASTM 
D4833 

=90 

Grab Tensile, LBS ASTM 
D4632 

=250 

Trapezoidal Tear, LBS ASTM 
D4533 

=90 

Burst Strength, PSI ASTM 
D3786 

=190 

Ultraviolet Degradation % retained @ ASTM =50 
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500 HRS D4355 
Sewn Seam Strength, LBS ASTM 

D4632 
=220 

 
B. Thread: 

1. High-strength polyester, nylon, or other approved thread type. 

2. Equivalent chemical compatibility and ultraviolet light stability as the 
geotextile. 

3. Contrasting color with the geotextile. 

C. Cover Soil:   

1. Cover soil shall be the fill material identified in the Contract Documents. 

2. In areas where cover material is flowable fill the contractor shall install 
an additional strip of geotextile over the drainage trench with 18 IN 
overlap each side of drainage trench.  Pins may be used in this location. 

D. Geotextile for Filter Fabric Fence:  Provide geotextile for filter fabric fence in 
conformance with Section 01 56 26.02 – Reinforced Filter Fabric Barrier. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Construct the surface underlying the geotextiles smooth and free of ruts or 
protrusions which could damage the geotextiles. 

3.2 INSTALLATION 

A. Install geotextiles in accordance with manufacturer's written 
recommendations. 

B. Hand place geotextile. 

1. No equipment will be permitted to traffic in direct contact with the 
geotextile. 

C. Lay geotextile smooth so as to be free of tensile stresses, folds, and 
wrinkles. 

D. Seam Construction: 

1. Type 2 geotextile seams may be sewn or overlapped. 

a. Construct overlapped seams in accordance with manufacturer's 
recommendations or as shown on Drawings. 

E. Place cover soil in accordance with Specification Section 31 23 00. 

F. Protect geotextiles from clogging, tears, and other damage during 
installation. 
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G. Geotextile Repair: 

1. Place a patch of the same type of geotextile which extends a minimum 
of 12 IN beyond the edge of the damage or defect. 

2. Fasten patches continuously using a sewn seam or other approved 
method. 

3. Align machine direction of the patch with the machine direction of the 
geotextile being repaired. 

4. Replace geotextile which cannot be repaired. 

H. Use adequate ballast (e.g., sand bags) to prevent uplift by wind. 

I. Do not use staples or pins to hold the geotextile in place at the Ground 
Storage Tanks. 

J. Do not leave geotextile uncovered for more than 14 days. 

3.3 FIELD QUALITY CONTROL 

A. Provide as-constructed drawing showing roll number; layout; joint locations; 
and destructive sample repair, and patch locations. 

END OF SECTION 
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SECTION 31 38 30 

GEOSYNTHETIC SOIL REINFORCEMENT (GEOGRID) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Furnishing and installing structural geogrid as reinforcement in the soil layer 
below the Ground Storage Tanks. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 31 23 00 - Earthwork. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment 
for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. D1388, Standard Test Method for Stiffness of Fabrics. 

b. D4873, Standard Guide for Identification, Storage, and Handling of 
Geosynthetic Rolls and Samples. 

2. Geosynthetic Research Institute (GRI): 

a. GG-4(a), Determination of the Long-Term Design Strength of Stiff 
Geogrids. 

b. GG-4(b), Determination of the Long-Term Design Strength of Flexible 
Geogrids. 

B. Qualifications: 

1. Each manufacturing firm shall demonstrate five (5) years continuous 
experience, including a minimum of 1,000,000 SF of geogrid installation in the 
past three (3) years. 

2. Installer shall attend pre-installation conference. 
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C. Test Sections:  Prior to production placement of the soil in the GST over-excavation, 
the Contractor shall demonstrate with the use of a test section that the proposed 
placement techniques will not damage the geogrid or underlying geosynthetics. 

D. Manufacturer's Representative: 

1. A qualified and experienced engineer employed by the geogrid manufacturer or 
it's supplier shall be available for a minimum of one (1) day of site assistance at 
the start of installation, to assist the Contractor in the proper construction/ 
installation techniques. 

a. Thereafter, the representative shall be available on an on call basis during 
the construction of the remainder of the Project. 

1.4 DEFINITIONS 

A. Manufacturer:  Manufacturer producing geogrid material from resin and additives. 

B. Installer:  The Installers are the individuals actually performing the hands-on work in 
the field. 

C. Geogrids: 

1. A geogrid is a synthetic planar structure formed by a regular network of tensile 
strength elements with apertures of sufficiently large size to allow for 
interlocking with the surrounding soil, so as to perform the primary function of 
reinforcement. 

2. Stiff geogrids have a stiffness of 1000 G-CM or higher, when tested in 
accordance with ASTM D1388. 

3. Flexible geogrids have a stiffness of less than 1000 G-CM, when tested in 
accordance with ASTM D1388. 

D. Partial Factor of Safety: 

1. Partial factors of safety are applied to the ultimate strength of the geogrid to 
account for site specific, long term environmental and stress conditions. 

a. FSCR:  Partial Factor of Safety for creep deformation. 

b. FSID:  Partial Factor of Safety for installation damage. 

c. FSCD:  Partial Factor of Safety for potential chemical degradation. 

d. FSBD:  Partial Factor of Safety for potential biological degradation. 

e. FSJCT: 

1) Partial Factor of Safety for junction strength to account for the 
difference between rib and through-the-junction strengths used to 
determine the ultimate strength and other partial factors of safety of a 
stiff geogrid. 

2) Not applicable to flexible geogrids. 
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f. FSJNT:  Partial Factor of Safety for connection strength between multiple 
geogrid panels. 

1.5 SUBMITTALS 

A. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

B. Shop Drawings for Engineer's approval: 

1. Manufacturer's certification that raw materials and roll materials comply with 
required geogrid physical properties. 

2. Manufacturer quality control manuals. 

3. Original test results for resins and roll material at frequency specified in 
respective quality control manuals. 

4. Documentation of Partial Factors of Safety in accordance with GRI GG-4. 

5. Geogrid layout plan with proposed size, number, position and sequencing of 
geogrid rolls and direction of all field joints. 

6. Proposed method of placing soil. 

a. Include documentation that equipment will not damage geogrid. 

1.6 DELIVERY, STORAGE AND HANDLING 

A. Geogrids shall be labeled, handled, and stored in accordance with ASTM D4873 
and as specified herein. 

1. Each roll shall be wrapped in an opaque and waterproof layer of plastic during 
shipment and storage. 

2. The plastic wrapping shall not be removed until deployment. 

B. Each roll shall be labeled with the manufacturer's name, geogrid type, lot number, 
roll number, and roll dimensions (length, width, gross weight). 

1. Geogrid or plastic wrapping damaged as a result of storage or handling shall 
be repaired or replaced, as directed. 

2. Geogrid shall not be exposed to temperatures in excess of 60 DegC (140 
DegF) or less if recommended by the manufacturer. 

C. No hooks, tongs or other sharp instruments shall be used for handling geogrids. 

1. Rolls shall not be lifted by use of cables or chains in contact with the geogrids. 

2. Geogrids shall not be dragged along the ground. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following manufacturers 
are acceptable: 

1. Huesker, Inc., 11107-A South Commerce Blvd., Charlotte, NC  28241. 



WHCRWA  GEOSYNTHETIC SOIL 
CENTRAL PUMP STATION  REINFORCEMENT (GEOGRID) 

10/18/2018 WHCRWA CENTRAL PUMP STATION  
GEOSYNTHETIC SOIL REINFORCEMENT (GEOGRID) 

31 38 30 - 4 of 6 

2. The Tensar Corp., 5775-B Glenridge Dr., Atlanta, GA  30328. 

B. Submit request for substitution in accordance with Specification Section 01 25 13. 

2.2 MATERIALS 

A. The geogrid shall be a regular network of integrally connected polymer tensile 
elements with aperture geometry sufficient to permit significant mechanical interlock 
with the protective cover soil. 

1. The geogrid shall meet the size and type requirements noted on the Contract 
Drawings. 

2. The geogrid structure shall be dimensionally stable and able to retain its 
geometry under construction stresses and shall have high resistance to 
damage during construction, to ultraviolet degradation, and to all forms of 
chemical and biological degradation encountered in the soil being reinforced. 

B. The geogrid physical properties shall meet or exceed the minimum values listed 
below: 

1. Long-term allowable:  GRI GG-4, >3,100. 

2. Design strength (LTDS), LBS/FT: 168 

C. The partial Factors of Safety used in the computation of the Long Term Allowable 
Design Strength shall be in accordance with the following: 

 

STIFF GEOGRIDS 

Value FSCR FSID FSCD FTBD FSJC
T2 

FSJN
T 

Minimum 1.7 1.2 1.1 1.1 1.0 1.2 
Default NA1 1.4 1.4 1.3 3.0 2.0 

 

FLEXIBLE GEOGRIDS 
Value FSCR FSID FSCD FTBD FSJC

T2 
FSJN

T 
Minimum 1.7 1.2 1.1 1.1 NA3 1.0 
Default NA1 1.4 1.4 1.3 NA3 2.0 

 
1. Default values shall be used in the absence of test information and 

documentation. 

2. Notes: 

a. Default values for determination of FSCR are not permitted. 

b. Values for FSJCT may be 1.0 if through the junction testing was used to 
determine the ultimate strength and other partial factors of safety. 

c. FSJCT is not applicable for flexible geogrids. 

D. Mechanical Properties 
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Mechanical  
Properties 

Minimum Average 
Roll Value 

Units 

Minimum Rib Thickness 0.03 in 

Tensile Strength at 2 % 
Strain 

280 lb/ft 

Junction Efficiency 93 % 

Resistance to Degradation 100 % 

Resistance to U.V. Light 100 % 

Resistance to Weathering 100 % 

 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Care shall be taken to keep the geogrid clean and free from debris prior to 
installation. 

3.2 INSTALLATION 

A. Geogrid: 

1. The geogrid shall be extended to the limits of the excavation as detailed on the 
Contract Drawings. 

2. Adjacent rolls of geogrid shall be abutted tightly and secured by plastic ties 
approximately every 5 FT along the roll length. 

a. New geogrids shall be abutted to the existing geogrid in the same manner. 

b. End splices of rolls and splices on slopes shall not be permitted. 

c. Plastic ties shall be white or some other bright color for easy inspection. 

d. Metallic ties shall not be allowed. 

3. Handle all geogrid rolls in such a manner as to ensure they are not damaged in 
any way and the following shall be complied with: 

a. The geogrid shall be positioned by hand if necessary after being unrolled 
to minimize wrinkles. 

b. In the presence of wind, all geogrid in place shall be weighted with 
sandbags to preclude wind damage to the liner materials below the 
geogrid. 

1) Such sandbags shall be installed during placement and shall remain 
until protective cover is installed. 

END OF SECTION
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SECTION 32 13 13

CONCRETE PAVEMENT, CURB, SIDEWALK AND STEPS

PART 1 - GENERAL

A. Section Includes:

1. Concrete pavement, curb, sidewalk, and steps.

B. Related Specification Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

3. Section 03 05 05 - Testing.

4. Section 03 31 30 - Concrete, Materials and Proportioning.

5. Section 03 31 31 - Concrete Mixing, Placing, Jointing, and Curing.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

C. Payment Adjustment for Deficient Thickness of Concrete Pavement:

1. A deduction in price shall be made for each lane of concrete pavement 1 
block (400 FT) or more in length, or for any lane less than 1 block (400 FT) 
in total length, if the average concrete pavement thickness, when 
determined as provided herein, is within 1 IN tolerance, but not within the 
1/4 IN tolerance permitted.

a. Payment reduction formulaPayment = (Contract Price) [-
2x(d/ts)x(Contract Price)]

Where d = thickness deficiency determined by coring = ts - ta, but less 
than 1 IN
ts = design thickness
ta = actual thickness determined by coring

2. When any core shows a deficiency of more than 1 IN, the length of adjacent 
pavement deducted, and for which payment shall be withheld, shall be the 
sum of the distance, measured parallel to the centerline, from the deficient 
boring to the nearest borings, in both directions, which show a thickness not 
more than 1 IN deficient.

3. Deductions in all cases shall be for the full width of the lane which the 
borings represent.
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1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. American Association of State Highway and Transportation Officials 
(AASHTO):

a. M153, Preformed Sponge Rubber and Cork Expansion Joint Fillers 
for Concrete Paving and Structural Construction (ASTM D1752).

b. M171, Sheet Materials for Curing Concrete.

c. M182, Burlap Cloth Made from Jute or Kenaf.

d. M213, Preformed Expansion Joint Fillers for Concrete Paving and 
Structural Construction (Nonextruding and Resilient Bituminous 
Types) (ASTM D1751).

e. M224, Use of Protective Sealers for Portland Cement Concrete.

f. M233, Boiled Linseed Oil Mixture for Treatment of Portland Cement 
Concrete.

2. American Concrete Institute (ACI):

a. 305R, Hot Weather Concreting.

b. 306R, Cold Weather Concreting.

3. ASTM International (ASTM):

a. A185, Standard Specification for Steel Welded Wire Reinforcement, 
Plain, for Concrete.

b. A615, Standard Specification for Deformed and Plain Carbon-Steel 
Bars for Concrete Reinforcement.

c. C33, Standard Specification for Concrete Aggregates.

d. C150, Standard Specification for Portland Cement.

e. C174, Standard Test Method for Measuring Thickness of Concrete 
Elements Using Drilled Concrete Cores.

f. C309, Standard Specification Liquid Membrane-Forming 
Compounds for Curing Concrete.

g. D698, Standard Test Methods for Laboratory Compaction 
Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3).

h. D1751, Standard Specification for Preformed Expansion Joint Filler 
for Concrete Paving and Structural Construction (Nonextruding and 
Resilient Bituminous Types).

i. D1752, Standard Specification for Preformed Sponge Rubber Cork 
and Recycled PVC Expansion Joint Fillers for Concrete Paving and 
Structural Construction.
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j. D4253, Standard Test Methods for Maximum Index Density and 
Unit Weight of Soils Using a Vibratory Table.

k. D4254, Standard Test Methods for Minimum Index Density and 
Unit Weight of Soils and Calculation of Relative Density.

4. Federal Specification (FS):

a. SS-S-1614, Sealants, Joint, Jet-Fuel-Resistant, Hot-Applied for 
Portland Cement and Tar Concrete Pavements.

b. TT-S 00227 E, Sealing Compound:  Elastomeric Type, Multi-
Component (for Calking, Sealing, and Glazing in Buildings and 
Other Structures).

5. Texas Department of Transportation (TxDOT)

a. 360, Concrete Pavement

b. 585, Ride Quality for Pavement Surfaces

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.

2. Product technical data including:

a. Acknowledgement that products submitted meet requirements of 
standards referenced.

3. Mix design(s) in accordance with Specification Section 03 31 30 and 
Specification Section 03 05 05.

4. Qualifications of concrete installer.

5. Drawings detailing all reinforcing.

6. Concrete pavement joint pattern for paved areas.

7. Test reports:

a. Provide recent (last 90 days) lab testing lab reports from an 
accredited testing lab, reflecting 28-day breaks that are 20% 
greater than strength specified.

B. Samples:

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.

2. Samples of fabricated jointing materials and devices.

PART 2 - PRODUCTS

2.1 MATERIALS

A. Portland Cement:  ASTM C150, Type I/II.



CONCRETE PAVEMENT, WHCRWA

SIDEWALKS AND STEPS CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
CONCRETE PAVEMENT, SIDEWALKS AND STEPS

32 13 13 - 4 OF 14

B. Aggregates:

1. ASTM C33, gradation size #67, 3/4 IN to #4.

2. Clean, crushed gravel.

C. Water:  Clean, clear; and free from oil, acids, alkali, or vegetable matter.

D. Admixtures:  Comply with Specification Section 03 31 30.

E. Reinforcing Bars:  ASTM A615, Grade 60.

F. Welded Wire Reinforcement:

1. ASTM A185.

2. Flat.

3. Clean, free from dirt, scale, rust.

G. Preformed Joint Filler:

1. Non-extruding cork, self-expanding cork, sponge rubber or cork rubber.

2. Asphalt board or redwood board

3. AASHTO M153 or AASHTO M213.

H. Hot-Poured Joint Sealing Material:  Silicone sealant per TxDOT DMS – 6310.

I. Sidewalk Joint Sealant:

1. Two (2) compound polyurethane.

2. Class A, Type 1.

3. Self-leveling.

4. Non-tracking.

5. FS TT-S 00227 E(3).

6. Silicone sealant per TxDOT DMS – 6310.

J. Membrane Curing Compound:  ASTM C309.

K. Cover Materials for Curing:

1. Burlap:

a. AASHTO M182.

b. Minimum Class 2, 8 0Z material (1 YD x 42 IN).

2. Polyethylene film, AASHTO M171.

L. Paper Subgrade Cover:  Polyethylene film, AASHTO M171.

M. Concrete Treatment:

1. Boiled linseed oil mixture.

2. AASHTO M233.
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N. Traffic Paint:  See Section 09 91 00.

O. Forms:

1. Steel or wood.

2. Size and strength to resist movement during concrete placement and able to 
retain horizontal and vertical alignment.

3. Free of distortion and defects.

4. Full depth.

5. Metal side forms:

a. Minimum 7/32 IN thick.

b. Depth equal to edge thickness of concrete.

c. Flat or rounded top minimum 1-3/4 IN wide.

d. Base 8 IN wide or equal to height, whichever is less.

e. Maximum deflection 1/8 IN under center load of 1,700 LBS.

f. Use flexible spring steel forms or laminated boards to form radius 
bends.

2.2 MIXES

A. Mix design to provide 3,500 psi 28-day compressive strength, 1-1/2 IN plus 1 IN 
slump, 6 percent air.

B. Use mix with 5.5 sacks of cement with fly ash and 1.5 IN aggregate.  Up to 4 IN 
slump is allowed when using mid-range water reducer.

C. Comply with Specification Section 03 31 30 and Specification Section 03 31 31.

PART 3 - EXECUTION

3.1 PREPARATION

A. Subgrade Preparation: Subgrade preparation for pavements should be in 
compliance with the Geotechnical Engineer of Record’s recommendations 
which includes the following:

1. Clearing and stripping all significantly organic material, debris, and other 
deleterious materials from the site. Subgrade preparation for the proposed 
pavements will include the clearing and removal of any existing vegetation, 
in addition to the upper 8 inches of surficial soils to expose competent soils.

2. The subgrade preparation will extend (where possible) laterally at least 5 
feet beyond the edges of the pavements. 

3. After removing deleterious materials and stripping, the exposed subgrade 
should be proofrolled and observed by the Owner’s Representative or their 
qualified representative to evaluate the condition of the subgrade. 
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4. Proofrolling will be performed using a fully loaded dump truck or water truck 
with a weight of at least 20 tons and a tire pressure of at least 70 psi. No off 
road earth moving equipment (i.e. loaders and scrapers), compactors, or 
track-mounted vehicles (i.e. bull dozers and front end loaders) may be used 
for proofrolling. 

5. Proofrolling rut depths must be less than 1 inch and no visual evidence of 
pumping is allowed. Areas of subgrade where rutting in excess of 1 inch or 
pumping are observed must also be removed. 

6. Subgrade preparation should be scheduled during a relatively dry period. 
Subgrade preparation activities begin immediately after or during a 
significant rain event. The Owner’s Representative should be contacted to 
evaluate the site conditions if a large rainfall event occurs during subgrade 
preparation. 

7. Areas of the subgrade that are observed to be soft, wet, weak, contain 
deleterious materials or roots, or in which pumping or significant deflections 
are observed, should be over-excavated to expose competent natural soils 
under the guidance of the Owner’s Representative. 

8. Over-excavated areas should be backfilled with properly placed and 
compacted structural clay or lime-stabilized clay fill, as recommended in 
reports by the Geotechnical Engineer of Record and as approved by the 
Owner’s Representative, to attain rough site grade. 

9. Grading activities near catch basins and inlets should be conducted such 
that the recommended pavement sections, i.e. layer thickness, are adhered 
to at the catch basins and inlet locations. 

10.The Owner’s Representative must be present on-site to observe subgrade 
preparation for pavements.

B. Aggregate Course:

1. Place material in not more than 6 IN thick layers.

2. Spread, shape, and compact all material deposited on the subgrade during 
the same day.

3. Compact to 75 percent relative density per ASTM D4253 and ASTM D4254.

C. Loose and Foreign Material:  Remove loose and foreign material immediately 
before application of paving.

D. Appurtenance Preparation:

1. Block out or box out curb inlets and curb returns.

2. Provide for joint construction as detailed and dimensioned on Drawings.

3. Adjust manholes, inlets, valve boxes and any other utility appurtenances to 
design grade.

a. Secure to elevation with concrete.
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b. Place concrete up to 5 IN below design grade.

4. Headers:

a. Construct at open ends of pavements.

b. Use same concrete to construct headers as that used in the 
abutting structure.

c. Extend header full width of pavement and crown same as 
pavement.

5. Clean and oil forms.

3.2 INSTALLATION

A. Concrete Production:  Comply with Specification Section 03 31 31.

B. Forms:

1. Form support:

a. Compact soil foundation and cut to grade to support forms and 
superimposed machine loads.

b. Use bearing stakes driven flush with bottom of form to supplement 
support as necessary.

c. Do not use earth pedestals.

2. Staking forms:

a. Joint forms neatly and tightly.

b. Stake and pin securely with at least three (3) pins for each 10 FT 
section.

3. Clean and oil forms prior to placement of concrete.

4. Set forms sufficiently in advance of work (minimum of 2 HRS) to permit 
proper inspection.

5. Previously finished concrete pavement, curb or sidewalk contiguous with 
new work may serve as side form when specifically approved.

C. Reinforcing:

1. Reinforcing to be single mat.

2. Locate longitudinal edge bars between 3 IN and 6 IN from edge of slab.

3. Lap mat one (1) full space.

4. Tie end transverse member of mat securely to prevent curving.

5. Lap non-welded bars 12 IN minimum.

6. Support:

a. Place bars and heavy mats securely on chairs at called-for height.

D. Joints:
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1. Hold joint location and alignment to within +1/4 IN.

2. Finish concrete surface adjacent to previously placed slab to within +1/8 IN, 
with tooled radius of 1/4 IN.

3. Metal keyway joints:

a. Form by installing metal joint strip left in place.

b. Stake and support like side form.

c. Provide dowels or tie bars.

4. Weakened plane joints:

a. Tooled joints:

1) Form groove in freshly placed concrete with tooling device.

2) Groove dimensions shall be 3/8 IN at surface and 1/4 IN at 
root.

b. Sawed joints:

1) Saw 1/4 IN groove in green concrete.

2) Commence sawing as soon as concrete is hard enough to 
withstand operation without chipping, spalling or tearing, 
regardless of nighttime or weather.

3) Thoroughly wet surface to protect membrane cure and recoat 
afterward.

4) Complete saw cutting before shrinkage stresses cause 
cracking.

c. Locate as shown on Drawings.

5. Stake in place load transfer device for expansion joints consisting of dowels:

a. Supporting and spacing means and pre-molded joint filler as per 
Drawing details.

b. Located at 45 FT intervals and at all intersection curb returns.

c. Provide preformed joint filler at all junctions with existing curb, 
sidewalk, steps, or other structures.

6. Install construction joints at end of day's work or wherever concreting must 
be interrupted for 30 minutes or more.

7. Thoroughly clean and fill joints with joint sealing material as specified.

8. Fill joints without overflowing onto pavement surface.

9. Upper surface of filled joint to be flush to 1/8 IN below finish surface.

E. Place Concrete:

1. Comply with Specification Section 03 31 31.
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2. Construct driveway openings, ramps, and other features as per Drawing 
details.

F. Cold and Hot Weather Concreting:

1. Cold weather:

a. Cease concrete placing when descending air temperature in shade 
falls below 40 Deg F.

b. Do not resume until ambient temperature rises to minimum 40 Deg 
F.

c. If placing below 40 Deg F is authorized by Owner’s representative, 
maintain temperature of mix between 60 and 80 Deg F.

d. Heat aggregates or water or both.

e. Water temperature may not exceed 175 Deg F.

f. Aggregate temperature may not exceed 150 Deg F.

g. Remove and replace frost damaged concrete.

h. Salt or other antifreeze is not permitted.

i. Comply with ACI 306R.

2. Hot weather:

a. Cease concrete placing when plastic mix temperature cannot be 
maintained under 90 Deg F.

b. Aggregates or water or both may be cooled.

c. Cool water with crushed ice.

d. Cool aggregates by evaporation of water spray.

e. Never batch cement hotter than 160 Deg F.

f. Comply with ACI 305R.

G. Finishing:

1. As soon as placed, strike off and screed to crown and cross section, slightly 
above grade, so that consolidation and finishing will bring to final Drawing 
elevations.

2. Maintain uniform ridge full width with first pass of first screed.

3. Pavement and similar surfaces:

a. Float by longitudinally reciprocating float, passing gradually from 
edge to edge.

b. Assure successive advances do not exceed half the length of the 
float.

c. Test level of slab with minimum 10 FT straightedge.
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d. Fill depressions with fresh material, consolidate and refinish.

e. Cut down high areas and retest.

f. Provide final finish by full width burlap or carpet drag, drawn 
longitudinally.

g. Keep drag clean to avoid build up and consequent scarring.

h. Tool pavement edges with suitable edger.

i. Retest with straightedge and if pavement shows deviation of more 
than 1/8 IN in 10 FT, remove and replace.

4. Curb and similar surfaces:

a. Bring curb to grade by running straightedge over steel templates 
with sawing motion.

b. Float surface with a wood float to draw cement to surface.

c. Broom finish after floating.

d. Tool edges with suitable edger.

e. Upon removal of forms, fill honeycombed or unevenly filled sections 
immediately with cement mortar.

f. Assure that expansion joints are cleared of concrete.

5. Sidewalk, steps, ramps, and similar surfaces:

a. Test with 6 FT straightedges equipped with long handles and 
operated from off the sidewalk.

b. Draw excess water and laitance off from surface.

c. Float finish so as to leave no disfiguring marks, but to produce a 
uniform granular or sandy texture.

d. Broom finish after floating.

e. Tool pavement edges with suitable edger.

f. Provide exposed aggregate surfaces in areas indicated on the 
Drawings.

g. Provide method such as abrasive blasting, bush hammering, or 
surface retarder acceptable to the Owner’s representative.

H. Curing:

1. Apply membrane curing compound complying with ASTM C309, and in 
accordance with manufacturer's directions, but at a minimum rate of 200 SF 
per gallon.

2. Apply curing compound within 4 HRS after finishing or as soon as surface 
moisture has dissipated.

3. Cure for minimum of seven (7) days.
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4. When average daily temperature is below 50 Deg F, provide insulating 
protection of 12 IN minimum thickness loose dry straw, or equivalent, for 10 
days.

5. Membrane Curing:

a. After texturing and immediately after the free surface moisture has 
disappeared, spray the concrete surface uniformly with 2 coats of 
membrane curing compound at an individual application rate of not 
more than 180 sq. ft. per gallon. 

b. Apply the first coat within 10 min. after completing texturing 
operations. Apply the second coat within 30 min. after completing 
texturing operations.

c. Before and during application, maintain curing compounds in a 
uniformly agitated condition, free of settlement. Do not thin or dilute 
the curing compound.

d. Where the coating shows discontinuities or other defects or if rain 
falls on the newly coated surface before the film has dried enough 
to resist damage, apply additional compound at the same rate of 
coverage to correct the damage. Ensure that the curing compound 
coats the sides of the tining grooves.

I. Protection of Concrete:

1. Protect concrete surfaces and appurtenances from traffic for minimum of 14 
days.

2. Erect and maintain warning signs, lights, watchmen to direct traffic.

3. Repair or replace parts of concrete surfaces damaged by traffic, or other 
causes, occurring prior to final acceptance.

4. Protect concrete pavement against public traffic, construction traffic and 
traffic caused by employees and agents.

5. No equipment shall be driven or moved across concrete surfaces unless 
such equipment is rubber-tired and only if concrete is designed for and 
capable of sustaining loads to be imposed by the equipment.

6. Do not drive over new or existing concrete with tracked vehicles and 
equipment.

J. Painting and Striping:

1. Stripe and mark pavement per the Drawings following sufficient cure time for 
pavement.

2. Lay out markings with guidelines, templates, and forms.

3. Apply stripe with self-contained striping machine to a clean and dry 
pavement surface.
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4. Temperature must be above 40 Deg F and precipitation should not be 
expected during drying period.

5. Use yellow or white paint per Section 09 91 00.

6. Apply at 1 GAL per 105 SF.

7. Thermoplastic markings per TxDOT Pavement Marking Handbook

K. Opening to Traffic:

1. After 14 days, pavement may, at Owner's discretion, be opened to traffic if 
job cured test cylinders have attained a compressive strength of 3,000 LBS 
per square inch when tested in accordance with ASTM standard methods.

2. Prior to opening to traffic, clean and refill joints as required with the specified 
filler material.

L. Clean Up:

1. Assure clean up work is completed within two (2) weeks after pavement has 
been opened to traffic.

2. No new work will begin until clean up work has been completed, or is 
maintained within two (2) weeks after pavement has been opened to traffic.

M. Pavement Patching:

1. Comply with material and density requirements as mentioned elsewhere in 
this Specification Section except provide minimum 6 IN aggregate 
immediately below the patch.

2. Place pavement patch providing a thickened edge.

3. Assure that patch in plane of "cold" joint has a thickness 6 IN greater than 
that of the existing pavement.

4. Fill void under existing pavement with concrete.

5. Undercut existing pavement 6 IN all around patch and to a depth of 6 IN.

6. Prior to placing patch, sawcut edge of existing concrete to 1/4 depth and 
remove to provide a vertical face for a straight and true joint.

3.3 FIELD QUALITY CONTROL

A. Provide test cylinders in accordance with Specification Section 03 05 05.

B. Pavement Thickness Testing:

1. The Owner’s Representative will check the thickness in accordance with 
TxDOT test procedure Tex-423-A unless other methods are shown on the 
plans. The Owner’s Representative will perform one (1) thickness test 
consisting of one (1) reading at approximately the center of each lane every 
500 ft. or fraction thereof. Core where directed in accordance with TxDOT 
test procedure Tex-424-A to verify deficiencies of more than 0.2 in. from 
plan thickness and to determine the limits of deficiencies of more than 0.75 
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in. from plan thickness. Fill core holes using a concrete mixture and method 
approved by the Owner’s Representative.

2. Thickness Deficiencies Greater than 0.2 in. 

a. When any depth test measured in accordance with TxDOT test 
procedure Tex-423-A is deficient by more than 0.2 in. from the plan 
thickness, take one 4-in. diameter core at that location to verify the 
measurement. If the core is deficient by more than 0.2 in. but not by 
more than 0.75 in. from the plan thickness, take 2 additional cores 
from the unit (as defined in TxDOT specification Section 360.4.L.3, 
“Pavement Units for Payment Adjustment”) at intervals of at least 
150 ft. and at locations selected by the Owner’s Representative, 
and determine the thickness of the unit for payment purposes by 
averaging the length of the 3 cores. In calculations of the average 
thickness of this unit of pavement, measurements in excess of the 
specified thickness by more than 0.2 in. will be considered as the 
specified thickness plus 0.2 in.

3. Thickness Deficiencies Greater than 0.75 in. 

a. If a core is deficient by more than 0.75 in., take additional cores at 
10 ft. intervals in each direction parallel to the centerline to 
determine the boundary of the deficient area. The Owner’s 
Representative will evaluate any area of pavement found deficient 
in thickness by more than 0.75 in. but not more than 1 in. As 
directed, remove and replace the deficient areas without additional 
compensation or retain deficient areas without compensation. 
Remove and replace any area of pavement found deficient in 
thickness by more than 1 in. without additional compensation. 

C. Test for ride quality using TxDOT specification 585 Surface Test Type A.

END OF SECTION
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SECTION 32 31 13.01

FENCES AND GATES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Installation of welded wire mesh fencing, slide gates, precast concrete fencing, 
other various fence types, and all accessories and appurtenances at locations 
shown on Drawings and as specified herein.

2. Excavation for post bases, concrete foundation for posts, and center drop for 
gates.

3. Manual gates and related hardware.

B. Related Specification Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

3. Section 03 09 00 - Concrete.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment for 
Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. ASTM International (ASTM):

a. A90, Standard Test for Weight (Mass) of Coating on Iron or Steel Articles with 
Zinc or Zinc-Alloy Coating.

b. A121, Standard Specification for Metallic-Coated Carbon Steel Barbed Wire.

c. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron 
and Steel Products.

d. A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware.

e. A641, Standard Specification for Zinc-Coated (Galvanized) Carbon Steel Wire.

f. A653, Standard Specification for Sheet Steel, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process

g. C33, Standard Specification for Concrete Aggregates.
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h. C150, Standard Specification for Portland Cement.

i. F3204, Standard Guide for Design and Construction of Welded Wire Fence 
Systems for Security Purposes

j. F626, Standard Specification for Fence Fittings.

k. F1083, Standard Specification for Pipe, Steel, Hot-Dipped Zinc-Coated 
(Galvanized) Welded, for Fence Structures.

l. F1184, Standard Specification for Industrial and Commercial Horizontal Slide 
Gates.

2. American Welding Society (AWS).

3. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).

4. Underwriters Laboratories, Inc. (UL).

B. Qualifications:

1. Installer bonded and licensed in the Project state.

2. Installer shall have a minimum two (2) years experience installing similar fencing.

3. Utilize only AWS certified welders.

4. Electric gate operators to be UL listed.

5. Grounding by an electrician licensed in Project state.

1.4 DEFINITIONS

A. See ASTM F552.

B. NPS:  Nominal pipe size, in inches.

C. Installer or Applicator:

1. Installer or applicator is the person actually installing or applying the product in the 
field at the Project site.

2. Installer and applicator are synonymous.

1.5 SYSTEM DESCRIPTION

A. Fence height shall be as indicated on Drawings.

B. Line post spacing shall not exceed 8 feet, or as shown on Drawings.

1.6 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.
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2. Shop Drawings:  Indicate plan layout, spacing of components, post foundation 
dimensions, hardware anchorage, accessories, appurtenances, and schedule of 
components.  Show sizes and thicknesses of all members, type of materials, 
methods of connection and assembly, complete dimensions, clearances, 
relationship to surrounding work, and other pertinent details of fabrication and 
installation.

3. Product technical data including:

a. Provide data on fabric, posts, accessories, fittings, and hardware that indicates 
items match or exceed the quality of existing items.

b. Acknowledgement that products submitted meet requirements of standards 
referenced.

c. Submit calculation sheets supporting post foundation dimensions and spacing 
for approval.

d. Manufacturer's installation instructions.

4. Scaled plan layout showing spacing of components, accessories, fittings, and post 
anchorage.

5. Mill certificates.

6. Source quality control test results.

7. Automatic gate system:

a. Electrical circuitry and control wiring.

b. Intercom system.

c. Detector loop layout.

d. Locking plan.

e. Method of installation of detector loop.

f. Sealant material for detector loops.

B. Samples:

1. Color and Material Fabric to be selected by Owner’s Representative.

1.7 WARRANTY

A. Gate Operators:

1. Provide warranty against defects in material and workmanship for a period of five 
(5) years from the date of Substantial Completion.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following manufacturers are 
acceptable:

1. Fence systems:
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a. Cyclone.

b. Page-Wilson Corporation (Page Fence Division).

c. Anchor Fence, Inc.

2. Electric gate operators:

a. Richards - Wilcox.

b. Robot Industries, Inc.

c. Electric Operators.

3. Precast Concrete Fencing:

a. Fencecrete America, Inc.

4. Welded Wire Mesh:

a. McNichols Co., Inc.

B. Submit request for substitution in accordance with Specification Section 01 25 13.

2.2 COMPONENTS

A. Precast Concrete Fencing

1. Reinforcement:

a. ASTM 315, Grade 60

b. Wire gage: 9

c. Rebar: #4

2. Fencing Concrete:

a. Minimum 28-day compressive strength of 5000 psi.

3. Footings:

a. Depth: 2 FT minimum

b. Concrete: Minimum 28-day compressive strength of 3000 psi

B. Welded Wire Mesh Fencing:

1. Fabric type:

a. 1.5 IN X 3 IN welded wire mesh:

1) ASTM F2919 or ASTM F2453, as specified by Owner.

2) Stainless Steel

3) Hot Dipped Galvanized core wire, ASTM A123.

2. Embedment in concrete: 1’-6” minimum

3. Wire gage:  10.5.

4. Mesh size:  3 IN.
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5. Material Finish:  Mill Finish

6. Weave/Trim Type:  Welded/Untrimmed

C. Concrete:  See Specification Section 03 09 00.

D. Concrete:

1. ASTM C150 Type I.

2. 1 IN maximum size aggregate (ASTM C33).

3. Clean water.

4. Minimum 28-day compressive strength of 4000 psi.

E. Corner or Terminal Posts:

1. ASTM F1083 pipe:

a. Schedule 80, NPS 2-1/2.

2. Fusion bonded vinyl coating 10-14 mils thick; color to match fabric.

F. Brace and Rails:

1. ASTM F1083 pipe:

a. Schedule 80, NPS 1-1/4.

2. Furnish top rails with 2 IN mesh overlap.

3. Furnish bottom “C” rails

4. Fusion bonded vinyl coating 10-14 mils thick; color to match fabric.

G. Fence Fittings (Post and Line Caps, Rail and Brace Ends, Sleeves-Top Rail, Tie Wires 
and Clips, Tension and Brace Bands, Tension Bars, Truss Rods):

1. ASTM F626.

2. Fusion bonded vinyl coating 10-14 mils thick; color to match fabric.

3. Posts:

a. 3.25 IN X 2.5 IN “C” Post with attaching hardware and continuous bar

b. Diameter: 4 IN

c. Bolt Spacing: 14 IN maximum

d. Bracket Spacing: 14 IN maximum

e. Top:  Knuckled.

f. Bottom:  Bracketed.

g. Embedment in concrete base: 4’-6” minimum

h. Spacing: 8 FT maximum

H. Sliding Cantilever Gate:

1. ASTM F1184.
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2. Each gate installed and includes concrete foundation, gate frame, gate posts, and 
other accessories as needed for complete installation

2.3 SOURCE QUALITY CONTROL

A. Test related fence construction materials to meet the following standards:

1. Posts and rails:

a. ASTM F1043, Heavy Industrial.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install in accordance with:

1. Manufacturer's instructions.

2. Lines and grades shown on Drawings.

B. Do not start fence installation before final grading is complete and finish elevations are 
established.

C. Drill holes in firm, undisturbed or compacted soil.

D. Place fence with bottom edge of fabric at maximum clearance above grade, as shown 
on Drawings.

1. Correct minor irregularities in earth to maintain maximum clearance.

E. Space line posts at equal intervals not exceeding 8 FT OC.

F. Provide post braces for each gate, corner, pull and terminal post and first adjacent line 
post.

G. Install tension bars full height of fabric.

H. Rails:

1. Fit rails with expansion couplings of outside sleeve type.

2. Rails continuous for outside sleeve type for full length of fence.

I. Provide expansion couplings in top rails at not more than 20 FT intervals.

J. Anchor top rails to main posts with appropriate wrought or malleable fittings.

K. Install bracing assemblies at all end and gate posts, as well as side, corner, and pull 
posts.

1. Locate compression members at mid-height of fabric.

2. Extend diagonal tension members from compression members to bases of posts.

3. Install so that posts are plumb when under correct tension.

L. Pull fabric taut and secure to posts and rails.

1. Secure so that fabric remains in tension after pulling force is released.
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2. Secure to posts at not over 15 IN OC, and to rails at not over 24 IN OC, and to 
tension wire at not over 24 IN OC.

3. Use U-shaped wire conforming to diameter of pipe to which attached, clasping pipe 
and fabric firmly with ends twisted at least two (2) full turns.

4. Bend ends of wire to minimize hazards to persons or clothing.

M. Install post top at each post.

N. Gates:

1. Construct with fittings or by welding.

2. Provide rigid, weatherproof joints.

3. Assure right, non-sagging, non-twisting gate.

4. Coat welds with rust preventive paint, color to match pipe.

O. Install electric gate operator in accordance with NEC.

END OF SECTION
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SECTION 32 81 00 

DRIP IRRIGATION 

PART 1 – GENERAL 

1.1 SUMMARY 

A. Irrigation system required for this work includes but is not limited to the 
furnishing of all fees, labor, tools, materials, appliances, tests, permits, taxes, 
etc., necessary for the installation of a landscape irrigation system as herein 
specified and shown on the drawings, and the removal of all debris from the 
site. All work must be completed by a Licensed Texas Irrigator.  

1. Locate, purchase, deliver and install piping, conduit, sleeves, 120 volt and 
low voltage electrical and water connections, valves, backflow preventer 
devices, controllers, rain sensors, spray and bubbler heads, drip irrigation 
lines, and associated accessories for a fully operational automatic 
irrigation system. 

2. Trenching and water settling of backfill material. 

3. Testing and startup of the irrigation system. 

4. Prepare an as built record set of drawings. 

5. Clean up and disposal of all excess and surplus material.  

6. Maintenance of the irrigation system during the proscribed maintenance 
period. 

B. The system shall efficiently and evenly irrigate all areas and be complete in 
every respect and shall be left ready for operation to the satisfaction of the 
Owner's Representative. 

C. Coordinate with other trades, as needed to complete work, including but not 
limited to Water Meter, Point of Connection (POC) and Backflow Preventer 
Device (BFPD) location and electrical hookups. 

1.2 CONTRACT DOCUMENTS 

A. Shall consist of specifications and its general conditions and the drawings. 
The intent of these documents is to include all labor, materials, and services 
necessary for the proper execution of the work. The documents are to be 
considered as one. Whatever is called for by any part shall be as binding as if 
called for in all parts. 

1.3 RELATED DOCUMENTS AND REFERENCES 

A. Related Documents: 

1. Drawings and general provisions of contract, including general and 
supplementary conditions and Division I specifications, apply to work of 
this section. 

2. Related Specification Sections 
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a. Section 32 91 05 – Topsoiling and Finished Grading 
b. Division 22 - Plumbing 
c. Section 32 90 10 – Trees, Shrubs, and Groundcovers 
d. Division 26 - Electrical 

B. References:  

1. American Society of Testing Materials (ASTM): cited section numbers. 

2. National Sanitation Foundation (NSF): rating system. 

3. Irrigation Association: Turf & Landscape Irrigation Best Management 
Practices 

1.4 SCOPE OF WORK  

A. This section describes the labor, materials and installation requirements 
necessary to layout and install an automatic irrigation system adequate to 
irrigate all plant materials in this project.  

B. Excavation, trenching, and backfilling for irrigation systems requirements are 
in Section 31 21 33 – Trenching, Backfilling, and Compacting for Utilities.  

C. Electrical work shall conform to the National Electric Code, latest edition.  

1.5 SUBMITTALS  

A. Record and As-Built Drawings:  
1. The Contractor shall provide and keep up to date a complete "as-built" 

record set of prints which shall be corrected daily and show every 
change from the original drawings and specifications and the exact 
"as-built" locations, sizes, and kinds of equipment. Prints for this 
purpose may be obtained from the Engineer at no cost. This set of 
drawings shall be kept on the site and shall be used only as a record 
set.  

2. These drawings shall also serve as work progress sheets. The 
Contractor shall make neat and legible annotations thereon daily as 
the work proceeds, showing the work as actually installed. These 
drawings shall be available at all times for inspection and shall be kept 
in a location designated by the Contracting Officer.  

3. Before the date of final inspection, the Contractor shall transfer all 
information from the "as-built" prints to the final "as-builts" if the original 
drawings are not in a high quality condition as determined by the 
Contracting Officer. All work shall be neat, in ink, and subject to the 
approval of the Contracting Officer.  

4. The Contractor shall dimension from two (2) permanent points of 
reference, building corners, sidewalk, road intersections, road station 
points, etc., the location of the following items:  
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i. Connection to existing water lines.  
ii. Connection to existing electrical power.  
iii. All valves and backflow devices.  
iv. Routing of all irrigation lines (dimension max. 50 feet along 

routing.  
v. Irrigation controller(s).  
vi. Routing of control wiring.  
vii. Quick coupling valves.  
viii. Drip system riser assemblies.  
ix. Other related equipment as directed by the Contracting Officer.  

5. On or before the date of final inspection, the Contractor shall deliver 
the corrected and approved drawings to the Engineer. Delivery of the 
drawings will not relieve the Contractor of the responsibility of 
furnishing required information that may be omitted.  

1.6 DELIVERY, STORAGE AND HANDLING  

A. Store all materials under cover.  

1.7 JOB CONDITIONS  

A. Contractor shall provide a complete irrigation system as schematically 
diagrammed on the drawings. Any major variation of in-field requirements to 
those specified in the drawings shall be reported to the Contracting Officer 
before beginning construction.  

B. Contractor shall verify the installation of sleeving, if any, provided in other 
sections of work that will be used for irrigation.  

C. Above ground piping shall be galvanized steel.  

D. Below ground piping: Pipe four (4) inches and larger shall be cast-iron or 
plastic, as specified on drawings. Pipe smaller than four (4) inches shall be 
plastic or galvanized steel, as specified on drawings. Pipe for sleeving shall 
be corrugated metal, galvanized steel, plastic or bituminized fiber pipe, as 
specified on drawings.  

PART 2 PRODUCTS  

2.1 MATERIALS  

A. Materials shall conform to the respective specifications and other 
requirements specified below:  

B. Pipe:  

1. Galvanized steel pipe, if any, shall conform to ASTM A 120, standard 
weight.  
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2. Plastic pipe shall conform to ASTM D 1785, Schedule 40 for pipe with 
solvent welded joints and Schedule 80 for pipe with threaded joints, or to 
ASTM D 2241, Type 1, Grade 1, 315 psi for pressure lines and 200 psi for 
other lines for pipe with solvent welded joints. Pipe and fittings shall bear 
the seal of approval (NSF mark) of the National Sanitation Foundation's 
standard for plastic pipe and fittings for potable water service.  

3. Cast-iron pipe, if any, shall conform to Federal Specification WW-P-421, 
Type 11 or 111, class 150, or ANSI A 21.6 or A 21.8, working pressure 
150, with push-on or mechanical joints, unless otherwise shown.  

C. Joints:  

1. Plastic pipe joints shall be solvent welded or threaded. Solvent for welded 
joints shall conform to ASTM D 2564. Use of pipe dope or solvents on 
threaded joints will not be permitted.  

D. Fittings and Specials:  

1. For galvanized steel pipe, steel fittings shall be galvanized, and threaded 
fittings shall conform to ANSI B 16.3.  

2. For plastic pipe, fittings shall conform to ASTM D 2464 or D 2466.  

E. Gate Valves:  

1. Gate valves, if any, shall be designed for a working pressure of not less 
than 150 psi. Valve connections shall be as required for the piping in 
which they are installed. Valves shall have a clear waterway equal to the 
full nominal diameter of the valve and shall be opened by turning 
counterclockwise. The operating nut or wheel shall have an arrow, cast in 
the metal, indicating the direction of opening.  

2. Valves smaller than 3 inches shall be all bronze and shall conform to 
Federal Specification WW-V-54, Type 1.  

3. Valves 3 inches or larger shall be iron body, bronze mounted, and shall 
conform to AWWA C500.  

F. Backflow Prevention Units:  

1. Backflow prevention equipment, if any, shall meet all local code 
requirements.  

2. Backflow prevention unit(s) of the type(s) indicated shall be installed 
above ground at the location(s) shown on the drawings. Where union 
connections are not provided as part of the unit, the Contractor shall 
provide and install a union or sleeve type coupling between the control 
valve and the inlet side of the unit. Pipe and fittings for backflow 
prevention units shall be galvanized steel. A minimum of five (5) feet of 
galvanized pipe shall be used on each side of this equipment from source 
as well as to valve assembly.  

G. Irrigation Control Valves and Valve Accessories:  
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1. Remote control valves, if any, shall be completely serviceable while 
installed in line or shall have a union connection on the downstream side; 
shall have body and bonnet constructed of heavy-duty glass-filled nylon, a 
flow control device; shall operate on approximately 24 volts, be normally 
closed, be slow- closing globe type; and shall be of the same 
manufacturer as the automatic controller used in the work.  

2. Manual control valves, if any, shall be angle-pattern, globe type with 
integral union on the discharge (horizontal) end, with a cross on the valve 
stem for key operation.  

3. Quick coupling valves, if any, shall be two-piece, spring-loaded, 
compression type, normally closed, opening against line pressure, and 
actuated by downward thrust against the valve. Body shall be of cast red 
bronze. Machined parts shall be fabricated from red brass. Valve washers 
and sealers for key stems shall be of a semi-rigid, non-metallic, material 
and shall be easily replaceable. Inlets shall be tapped for National 
Standard pipe thread of the pipe riser size or sizes shown on the 
drawings. Valves shall be suitable for a maximum operating pressure of 
150 psi and shall be the standard product of a reputable manufacturer of 
quick coupling valves for lawn sprinkling systems.  

H. Valve Boxes and Covers:  

1. Valve boxes shall be plastic. The words "gate valve", for gate valves; and 
"RCV" for remote control valves shall be cast in covers of boxes for the 
irrigation system. The boxes shall be such length as will be adapted, 
without full extension, to the depth of cover required over the pipe at valve 
location. Plastic boxes shall be a standard catalog product of a 
manufacturer regularly engaged in the manufacture of valve boxes. Plastic 
boxes installed in turfed areas shall have green covers. Boxes housing 
control valves shall have lockable covers. Plastic shall be rigid 
combination of polyolefin and fibrous inorganic materials.  

I. Automatic Controllers:  

1. Controllers shall be the product of a manufacturer regularly engaged in the 
production of turf sprinkler systems and shall be specifically designed for 
use on irrigation projects. Controller shall be suitable for operation on the 
available electrical supply and shall be capable of complete automatic and 
manual operation of all stations, as specified on drawings, and include a 
rain sensor. Control circuit voltage shall be less than 120 volts and be 
capable of operating up to two 24-volt AC electric remote-control valves 
per station. Each controller shall have a master switch to disconnect 
controller from supply lines.  

2. Housing: Each controller shall be enclosed in tamperproof lockable metal 
housing. Exterior wall-mounted and pedestal-mounted controllers shall be 
weatherproof. Where more than one controller is installed in an irrigation 
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system, a single-key shall open all cabinets. Two keys for each system 
shall be furnished.  

3. Programming: Timing for each station shall be viable up to 99 minutes. 
The programming cycle shall be not less than 14 calendar days. Each 
station shall be independently timed, scheduled, or omitted. Programming 
shall be changeable without special tools and without dissembling 
controller.  

4. Charts: A chart, encased in plastic, showing clearly the areas serviced by 
each remote-control valve shall be provided at each controller.  

5. Electrical: Electrical wiring from controller to control valves shall be solid, 
single conductor, copper wire, type THW, size recommended by the 
controller manufacturer except that minimum wire size shall be No. 12. 
Common wire shall be a different color from all others. Regardless of the 
number or location of valves connected to a single controller station, 
separate control wires shall be run from the controller station to each 
valve. Wiring from controllers to source shall be installed in rigid steel, 
one-half (1/2) inch conduit, or as specified on drawings.  

J. A master on/off button shall provide for system shut-down while maintaining 
programming. Electrical surge protection and lightning protection shall be an 
integral part of the controller and shall be provided on both the primary and 
circuit lines.  

K. All programming shall be accomplished via keyboard entry with all readouts 
LED displayed.  

1. Electrical characteristics shall be as follows:  

i. Input 120 VAC, 60 Hz 

ii. Output 24.0 V, 60 Hz 1.1 AMP 

iii. Circuit Breaker 1.0 A slow blow  

L. Wire connections to remote control valves and at wire splices shall be made 
with UL approved, sealant (cycohexanone) filled, water-tight wire connectors 
installed as recommended by the manufacturer.  

 

2.02 PIPE BEDDING AND BACKFILL MATERIAL  

A. The bottom of trenches shall be accurately graded to provide uniform bearing 
and support for each section of pipe on undisturbed soil at every point along 
its entire length. Backfill material shall be suitable for the required compaction 
and free from stones larger than one (1) inch in any dimension. Embedment 
for pipe shall be a minimum of one (1) inch of clean sand.  
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2.03 MISCELLANEOUS ITEMS  

A. Service clamps, if any, shall have a pressure rating not less than that of the 
pipe to be connected and shall be either the single or double flattened strap 
type. Clamps shall have a galvanized malleable iron body with cadmium 
plated straps and nuts. Clamps shall have rubber gasket cemented to the 
body.  

B. Tapping sleeve(s), if any, of the size(s) indicated for connection to existing 
main shall be the cast-iron, split-sleeve type with flange on the outlet, and 
with bolts, follower rings and gaskets on each end of the sleeve. Construction 
shall be suitable for a maximum working pressure of 150 psi. Bolts shall have 
square heads and hexagonal nuts. Longitudinal gaskets, and mechanical 
joints with gaskets shall be as recommended by the manufacturer of the 
sleeve.  

2.04 DRIP IRRIGATION:  

A. Polyethylene pipe for drip irrigation shall be of a type specifically 
manufactured for such use by Bowsmith, or approved equal.  

B. The fittings for polyethylene pipe shall be "compression-type" and be supplied 
by the pipe manufacturer.  

C. Emitters shall be self-cleaning and operate at pressures between 10 and 50 
psi and be capable of delivering between 1.0 and 2.0 gph.  

D. Emitters shall be compatible with the emitter tubing supplied. All emitters shall 
be supplied by a single manufacturer.  

E. Polyethylene pipe and emitters shall be installed and staked down as 
recommended by the manufacturer.  

2.05 PRESSURE REDUCTION RISER  

A. The pressure reduction riser shall consist of the pressure reducing valve, ball 
valve, wye strainer, check valve, valve box, and all appurtenances, or as 
specified on drawings  

B. The pressure reducing valve shall be a self-contained, single-seat, direct-
acting, spring-loaded, diaphragm-actuated type. Valve shall be of all plastic 
construction, stainless steel body seat, composition seat discs, BUNA-N 
diaphragm with nylon insert and stainless steel springs. The valve shall have a 
maximum working pressure rating of 150 psi and shall be capable of regulating 
outlet pressure from 5 to 20 psi and have an adjustment screw for setting the 
pressure. The downstream pressure variance shall not exceed a rate of 0.44 
psi for every 10 psi variance (increase or decrease) in upstream or source 
pressure. The valve shall have an integral "Shrader" pressure test valve.  

C. The valve shall have 1/2-inch MPT inlet and 3/4-inch MHT female outlet.  
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D. The threaded in-line spring check valve, if any, shall have a body constructed 
of type 1 PVC. The valve stem shall be 18-8 stainless steel with BUNA-N 
poppet seal. The 1/2 pound spring shall be 18-8 stainless steel. The valve 
shall have male X female threads, 3/4 inch NPT.  

E. The ball valve, if any, shall be construction of type I PVC (body and handle). 
The stem seal shall be BUNA "N" with teflon ball seal. The valve shall be 
rated for a maximum working pressure of 150 psi and shall be rated for 
operation for temperatures between -4 degrees and 140 degrees F. Valve 
shall have female threads (3/4-inch NPT) inlet and outlet.  

F. The wye strainer shall have a filter housing constructed of glass reinforced 
polypropylene plastic and the removable filter cylinder shall be manufactured 
of stainless steel and shall be 150 mesh. The filter shall have an effective 
filter area of 10 square inches with a gross filter area of 20 square inches. 
The cartridge housing shall have an integral 3/4-inch ball valve for flushing of 
the filter without removal of the cartridge.  

2.06 EMITTER ASSEMBLY  

A. The emitters shall be of pressure compensating a continuous flushing type 
known as a Groove and Flap Short Path Emitter. The case of the emitter shall 
be made of durable black, plastic material. It shall be resistant to temperature 
variation, ultraviolet radiation, smog (ozone), common liquid fertilizer and 
weed spray. The case shall completely encompass the diaphragm, protecting 
it from potentially harmful environmental factors.  

B. The emitter shall be capable of continuous, self-flushing, clog-free operation 
with 200 mesh (minimum) filtration for 1/2 GPH and 150 mesh for 1 and 2 
GPH emitter. The emitter shall be capable of being installed in any position 
and maintain its given flow characteristics. The emitter shall be non-
adjustable, and the flow regime shall be maintained by a flexible silicon 
rubber diaphragm.  

C. The emitter shall function with a system pressure range of 5 psi minimum to 
50 psi maximum.  

D. The 2 GPH emitter shall be capable of delivering 2.05 gph at psi, 1.75 gph at 
50 psi.  

E. The 1 GPH emitter shall be capable of delivering 1 gph at 20 psi, 1 gph at 50 
psi.  

F. The 1/2 GPH emitter shall be capable of delivering .5 gph at 20 psi, .45 gph at 
50 psi.  

G. The emitter distribution tubing between the emitter and the .580 OD emitter 
hose shall be .187-inch ID, .250-inch OD. The tubing between the emitter 
outlet and the point of discharge shall be vinylized .150-inch ID, .220-inch OD. 
All tubing shall fit tightly with the corresponding emitter barbs, adapters and 
discharge outlet openings.  
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2.07 FILTER  

A. The filter housing shall be constructed of glass reinforced poly-propylene and 
the removable filter cylinder shall be manufactured of 250 mesh stainless 
steel effective filter area of 27 square inches. The cartridge housing shall 
have an integral 3/4 inch ball valve for flushing out the filter without removal of 
the cartridge. Threads shall be 1 inch MPT.  

PART 3 EXECUTION  

3.01 GENERAL  

A. Unless otherwise specified, installation of sprinklers, backflow prevention 
units, control valves, drain valves, meters and boxes shall conform to the 
details specified on drawings.  

3.02 HANDLING  

A. Pipe and accessories shall be handled so as to ensure delivery to the trench 
in sound, undamaged condition. The interior of pipe and accessories shall be 
thoroughly cleaned of foreign matter before being lowered into the trench and 
shall be kept clean during laying operations by plugging or other approved 
method. Before installation, the pipe shall be inspected for defects. Material 
found to be defective before or after laying shall be replaced with sound 
material at no additional cost to the Owner.  

3.03 CUTTING  

A. Cutting of pipe shall be done in a neat and workmanlike manner without 
damage to the pipe. Unless otherwise recommended by the manufacturer 
and authorized by the Contracting Officer, cutting shall be done with an 
approved- type mechanical cutter. Wheel cutters shall be used when 
practical.  

B. Plastic pipe shall be cut square and all burrs, particles and curls shall be 
removed.  

3.04 PLACING AND LAYING  

A. Under no circumstances shall any of the materials be dropped or dumped into 
the trench. The full length of each section of pipe shall rest solidly upon the pipe 
bed, with recesses excavated to accommodate joints. Pipe that has the grade or 
joint disturbed after laying shall be taken up and relaid. Pipe shall not be laid in 
water or when trench conditions are unsuitable for the work. Water shall be kept 
out of the trench until jointing is completed. When work is not in progress, open 
ends of pipe, fitting, and valves shall be securely closed so that no trench water, 
earth, or other substance will enter the pipes or fittings.  

B. Plastic pipe shall be installed in accordance with the procedures recommended 
in ASTM D 2774 and as herein specified.  
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C. Tracer tape shall be installed with all non-metallic (asbestos-cement or PVC) 
irrigation lines.  

3.05 JOINTING  

A. Galvanized Steel Pipe: Threaded joints shall be made tight with a stiff mixture of 
graphite and oil, inert filler and oil, or with an approved graphite compound, 
applied with a brush to the male threads only. Compounds shall not contain lead.  

B. Connections between different types of pipe and accessories shall be made with 
transition fittings approved by the Contracting Officer.  

3.06 PIPE SLEEVES  

A. Pipe sleeves shall be installed with a minimum of off-set at the joints to permit 
easy installation and removal of the irrigation lines. All plastic lines shall be 
installed in sleeves under paved areas. Sleeves shall extend at least 12 inches 
beyond the edges of the pavement. Sizes of sleeves shall be specified on 
drawings.  

B. Sleeves shall be capped or plugged in a manner acceptable to the Contracting 
Officer following installation and prior to placement of water piping.  

3.07 SETTING OF VALVES AND BOXES  

A. Valves and valve boxes shall be installed where shown or directed, and shall be 
set plumb. Valve boxes shall be centered on the valves. Valves shall be located 
outside the area of roads and streets. Earth fill shall be carefully tamped around 
each valve or meter box to a distance of four (4) feet on all sides of the box, or to 
the undisturbed trench face if less than four (4) feet. Valves shall have the 
interiors cleaned of all foreign matter before installation. Stuffing boxes shall be 
tightened and the valve shall be inspected in open and closed positions to ensure 
that all parts are in working condition.  

3.08 REMOTE CONTROL VALVES  

A. Install remote control valves in locations as shown on the drawings, with a cover 
of eight (8) inches maximum over top of flow control stem. Install a union on 
downstream side of all valves not provided with a union type connection. Fit with 
valve box and cover. Top of valve box shall be one and one half (1-1/2) inches 
above finish grade, or as specified on drawings.  

3.09 REMOTE CONTROL WIRING  

A. Connections of wiring, other than in the controller housing, shall be made with 
epoxy encapsulated connectors. Where more than one wire is placed in trench, 
the wiring shall be taped together at maximum intervals of ten (10) feet.  

3.10 TRENCHES  
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A. Trenches shall be excavated for minimum pipe depths of eight (8) inches for 
laterals and twelve (12) inches for main pipes. Expansion and contraction of pipe 
shall be compensated for as per pipe manufacturer's recommendations.  

3.11 PIPING UNDER CONCRETE  

A. Piping under concrete shall be installed by jacking, boring, or hydraulic driving, 
as specified on drawings.  

3.12 EMITTERS  

A. Adjust all emitters for proper pattern, water flow, and distance. Adjust any 
pressure regulators to specified pressures or as directed in the field.  

3.13 PRESSURE REDUCTION RISER  

A. At the initial installation, the pressure reducing valve, if any, shall be field 
adjusted to 25 psi and maintained at 24-26 psi at the adjacent pressure check 
point.  

B. Immediately prior to the initial operation of any of the pressure reducing valves 
on a continuous basis, all valves shall be retested and reset, if necessary. the 
Contractor shall, at the completion of the entire irrigation system, test and record 
the pressure readings at all pressure reducing valves. If any readings are not 
within the recommended pressure, necessary devices shall be reset and retested 
by the Contractor.  

3.14 EMITTER ASSEMBLY  

A. The emitter and distribution tubing shall be assembled using the manufacturer's 
recommended tools and accessories.  

B. The maximum length of the distribution tubing shall be as detailed on the project 
drawings. In the event the distance in the field exceeds the maximum length, the 
Contractor shall extend the .580 OD emitter hose as required by adding a tee 
and shall add a flush valve at the end of each extension. This work, if necessary, 
shall be performed at Contractor's expense.  

C. The emitter assembly as detailed on the drawings shall consist of the emitter 
unit, flexible polyethylene emitter distribution tubings (length as required) and 
molded polyethylene adapter.  

3.15 EMITTER HOSE  

A. The Contractor shall assume full responsibility for the correct installation of the 
emitter system, as herein specified. All emitter hose shall be flushed prior to and 
after installation of emitter assemblies. Attach manual self- closing flush valve at 
the end of each line. A round, four to six (4 - 6) inch valve box with cover shall be 
installed over each flush valve. 
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3.16 FILTER  

A. The filter shall be installed in manner that allows removal of the cartridge for 
visual inspection.  

3.17 PROGRAMMING OF CONTROLLER TO MINIMIZE EROSION  

A. The irrigation controller shall be programmed to operate the emitters in a duration 
and frequency to minimize erosion during and after plant establishment. Any 
such damage shall be repaired by the Contractor at no cost to the Owner.  

1.18 STABLISHMENT  

A. Contractor shall adjust emitters or spaghetti in all areas a maximum of one inch 
above settled, finished grade prior to final completion of establishment 
operations.  

B. A watering plan shall be developed by the contractor in conjunction with the 
owner to ensure proper plant establishment during the first year, post plant 
establishment during average conditions, and during subsequent drought 
conditions. 

3.19 CONNECTION TO EXISTING WATERLINES  

A. Where connections are made between new work and existing mains, the 
connections shall be made by using specials and fittings to suit the actual 
conditions. Standard methods are readily available for making connections to 
various types of pipe, either under pressure or in the dewatered condition. Where 
made under pressure, these connections shall be installed according to the 
recommendations of the manufacturer of the pipe being tapped. Tapping of 
reinforced concrete cylinder pipe shall be done in accordance with the 
manufacturer's recommendations. Where the manufacturer recommends that the 
taps be made by attaching the rubber-gasketed saddle to the outside of the pipe 
using U-bolts, the saddle shall be grouted in if necessary, the mortar coating 
shall be chipped away even with the hole in the saddle plate, the exposed 
circumferential wires shall be removed and the cylinder and concrete core drilled 
out, and the steel saddle and U-bolts shall be protected by the concrete 
casement.  

B. Supply lines shall be connected to the main with a rigid connection, and shall 
have a gate valve located below the frostline. Fit with valve box and cover.  

3.20 TESTS  

A. After completion of the piping system and prior to backfilling and the installation 
of the sprinkler heads, the entire system shall be tested for leaks and thoroughly 
flushed under pressure to remove any dirt, scale, or other material. Lines shall be 
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tested at 200 psi for one (1) hour duration. Cracked or defective pipe, fittings, or 
accessories disclosed in the pressure test shall be replaced by the Contractor 
with sound material at no additional cost to the Owner, and the test shall be 
repeated until results are satisfactory to the RPR.  

B. No line shall be covered until inspection and approval has been given by the 
RPR.  

C. Testing of plastic pipe shall not be done until all joints have had least twenty-four 
(24) hours to set and cure. During cold weather, forty-eight (48) hours elapsed 
time shall be allowed for setting prior to testing. No water under pressure shall 
come in contact with any joint during the specified curing period. In hot weather, 
water shall not be permitted to stand in pipes until after backfilling is completed. 
Water used in testing shall be drained from pipes after completion of testing.  

D. Coverage Test:  

1. When the irrigation system is completed, the entire system shall be 
adjusted and operated to demonstrate the water coverage is complete and 
adequate and that the system conforms to the requirements of the plans 
and specifications. All deficiencies and inadequacies resulting from 
defective or inadequate materials/ workmanship shall be corrected at no 
additional cost to the Owner.  

E. Cleanup:  
1. Upon completion of the installation of the irrigation system and 

appurtenances, all debris and surplus materials resulting from the work 
shall be removed and disposed of properly off base.  

 
PART 4 EXCAVATION, TRENCHING & BACKFILLING FOR IRRIGATION SYSTEMS 
 
PART 4.01 GENERAL  
 
A.  Applicable Publications: The publications listed below form a part of this 

specification to the extent referenced. The publications are referred to in the text by 
the basic designation only.  

a. American Society of Testing and Materials (ASTM) Publications:  

E 548-79 Generic Criteria for Use in the Evaluation of Testing and 
Inspection Agencies  

PART 5 EXECUTION 

5.01 EXCAVATION  
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A. Excavation of every description and of whatever substances encountered shall 
be performed to the lines and grades indicated. Earth excavation shall include 
removal and disposal of material not classified as rock excavation. During 
excavation, material satisfactory for backfilling shall be stockpiled in an orderly 
manner at a distance from the banks of the trench sufficient to avoid overloading 
and to prevent slides or cave-ins.  

B. Adequate drainage shall be provided for the stockpiles and surrounding areas by 
means of ditches, dikes, or other approved methods. The stockpiles shall also be 
protected from contamination with unsatisfactory excavated material or other 
material that may destroy the quality and fitness of the suitable stockpiled 
material. If the Contractor fails to protect the stockpiles and any material 
becomes unsatisfactory as a result, such material, if directed, shall be removed 
and replaced with satisfactory on-site or imported materials from approved 
sources at no additional cost to the Owner.  

C. Excavated material not required or not satisfactory for backfill shall be removed 
from the site. Grading shall be done as may be necessary to prevent surface 
water from flowing into the excavation, and any water accumulating therein shall 
be removed so that the stability of the bottom and sides of the excavation is 
maintained. Unauthorized over-excavation shall be backfilled, at no additional 
cost to the Owner.  

5.02 BOTTOM PREPARATION  

A. The bottom of trenches shall be accurately graded to provide uniform bearing 
and support for the bottom quadrant of each section of the pipe. Bell holes shall 
be excavated to the necessary size at each joint or coupling to eliminate point 
bearing. Stones of two (2) inches or greater in any dimension, or as 
recommended by the pipe manufacturer, whichever is smaller, shall be removed 
to avoid point bearing.  

5.03 REMOVAL OF UNYIELDING MATERIAL  

A. Where over-depth is not indicated and unyielding material is encountered in the 
bottom of the trench, such material shall be removed four (4) inches below the 
required grade and replaced with suitable materials. 

5.04 REMOVAL OF UNSTABLE MATERIAL  

A. Where unstable material is encountered in the bottom of the trench, such 
material shall be removed to the depth directed and replaced to the proper grade 
with select granular material. When removal of unstable material is required due 
to the fault or neglect of the Contractor in his performance of the work, the 
resulting material shall be excavated and replaced by the Contractor without 
additional cost to the Owner.  
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5.05 BACKFILLING:  

A. Backfill material shall consist of satisfactory material.  

B. Trench Backfill: Trenches shall be backfilled to grade. The trench shall not be 
backfilled until all specified tests are performed. See Section 31 21 33 – 
Trenching, Backfilling, and Compacting for Utilities for further information.  

C. Replacement of Unstable Material: Unstable material removal from the bottom of 
the trench or excavation shall be replaced with select granular material placed in 
layers not exceeding six (6) inches loose thickness.  

D. Bedding and Initial Backfill: Bedding shall be of the type and thickness 
recommended by the pipe manufacturer. Maximum stone size shall not exceed 
two (2) inches, or the maximum size recommended by the pipe manufacturer, 
whichever is smaller. Initial backfill material shall be placed in layers of a 
maximum of six (6) inches loose thickness and compacted with approved 
tampers to the density of the adjacent soil, and to a height of at least one foot 
above the utility pipe or conduit. The backfill shall be brought up evenly on both 
sides of pipe for the full length of the pipe. Care shall be taken to ensure 
thorough compaction of the fill under the haunches of the pipe. Backfill material 
in this portion of the trench shall consist of satisfactory material at a moisture 
content that will facilitate compaction, free from stones of such size as 
recommended by the pipe manufacturer, or larger than two (2) inches in any 
dimension, whichever is smaller, except that where the pipe is coated or wrapped 
for protection against corrosion, the backfill material shall be free of stones larger 
than one (1) inch in any dimension, or as recommended by the pipe 
manufacturer, whichever is smaller.  

E. Final Backfill: The remainder of the trench shall be backfilled with satisfactory 
material. Backfill material shall be deposited and compacted as follows:  

F. Sidewalks, Sodded or Seeded Areas, Open, and Miscellaneous Areas: Backfill 
shall be deposited in layers of a maximum of twelve (12) inch loose thickness, 
and compacted to 85 percent maximum density for cohesive soils and 90 percent 
maximum density for cohesionless soils. Compaction by water flooding or jetting 
will not be permitted. This requirement shall also apply to all other areas not 
specifically designated above.  

 

END OF SECTION 
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SECTION 32 90 10 

TREES, SHRUBS, AND GROUNDCOVERS 

PART 1 GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this 
Section. 

1.02  DESCRIPTION 

A. The landscaping shall be installed using the materials as shown on the drawings 
and/or as specified in the Specifications. The landscaping shall be installed to 
grades and conform to areas and locations as shown on the drawings. 

B. The term ‘Contractor’ as used in this specification section shall refer to the 
Landscape Contractor. 

C. Prior to final acceptance of the Landscaping, the Contractor shall submit a written 
‘watering schedule’ to the Owner to ensure adequate watering (summer, fall, winter, 
and spring) of all plant materials during the Warranty period of this contract. 

D. Provide and install landscaping as specified on the Drawings. The work included in 
this specification (whether mentioned or not) shall consist of all labor, tools, 
materials, tests, permits, and other related items necessary for the installation and 
establishment of all plant materials in a high-quality manner. 

E. Plant trees and plants as shown and specified. The work includes: 
1. Soil Preparations 
2. Planting of trees and plants 
3. Mulching and Pruning 
4. Plant establishment and watering plan 

1.03 RELATED SECTIONS 

A.   General 
1. Section 31 10 00 - Site Clearing, for topsoil stripping and stockpiling. 
2. Section 31 23 00 - Earthwork, for excavation, filling and backfilling, and rough 

grading. 
3. Section 32 91 05 - Topsoiling and Finished Grading. 
4. Section 32 92 40 - Seeding and Sodding 
5. Section 32 81 00 - Drip Irrigation  
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1.04 RELATED WORK 

A. Topsoil placed and graded to a grade tolerance of + 0.1, prior to start of the 
landscape work by general contractor. 

1.05 QUALITY ASSURANCE 

B. Installer Qualifications:  Contractor must be a bonded landscape 
contractor. Contractor must be experienced in landscape work of best-
accepted trade practices, have equipment and personnel adequate to perform 
the work specified, and have completed past work that resulted in successful 
plant establishment. Contractor must be familiar and comply with American 
Standard for Nursery Stock published by the American Association of 
Nurserymen. 

C. Field Superintendent: Provide one person who shall: 

a. Be present at all times during execution of work in this section; 
b. Be familiar with the materials and best methods for installation; and 
c. Direct work performed under this section. 

 
D. Government Inspection: All plants and planting material shall meet or 

exceed the specifications of federal, state, and county laws requiring 
inspection for plant disease and control. Seeding shall comply with all Texas 
State Certification seed standards. 

E. Industry Standards: Quality definitions, grading tolerances and caliper-to-
height ratios shall be no less than minimums specified in American 
Standards for Nursery Stock, published by American Association of 
Nurserymen, Inc., ANSI Z60.1. 

F. Owner reserves the right to reject any or all plant material at any time until final 
review and acceptance. Remove rejected plants immediately from site. 

G. Produce upon request, sales receipts for all nursery stock and certificates of 
inspection from federal, state, and other authorities. 

1.06  PROTECTION 

 
A. Protect existing trees to be preserved as denoted on plan, and other 

features such as fences, roads, sidewalks, paving, and curbs as final work. 

B. Protect Existing Site Improvements: Verify location of underground facilities 
prior to doing work. Protect active service lines whether indicated or not. 
Repair and make good any damage to service lines or improvements 
caused by planting operations. 

C. Barricade or Cover Excavations: Barricade or cover as necessary all 
excavations to protect pedestrians, workers, equipment and adjacent 
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property. 

D. Contractor is responsible for protecting plant material through final 
acceptance. 

1.07 SUBMITTALS 

 
A. Provide certification that the following materials meet the specified 

requirements. 

1.Compost. 
2.Topsoil test results with recommended soil additives. 

 
B. Planting Soil Mix for Preconstruction Soil Analysis 

C. Certified Confirmed Orders: Certify in writing to the Owner within thirty days of 
the award of the contract, confirmed orders for plants and provide the quantity, 
location, phone number and address of the grower who has agreed to provide 
any plant material, taking into consideration that planting dates may be 
eighteen months or more from award of contract. Should the Contractor 
neglect to provide this documentation within the allocated time, Contractor 
may forfeit any substitution benefits. 

D. Certificates: Certificates required by law shall accompany shipments. Upon 
completion of the installation, submit certificates to the Engineer. 

E. Quantity Certification: Provide certification of quantities of fertilizer and 
compost delivered to the site. 

F. Soil Test: See section 2.3. 

G. Watering Schedule: See section 1.02 C 

H. Maintenance Schedule for Owners information during warranty period. 

I. Maintenance inspection reports during warranty period. 

J. The Contractor shall submit a Turf, Tree, Shrub, Herbaceous Plant 
Establishment Plan for approval. The plan shall include recommendations for 
fertilizer and/or soil amendment application based upon soil testing results by 
a certified agronomist or soil scientist for each section to be turfed. The 
Contractor shall provide the name of the certified agronomy testing laboratory. 
Soil analyses shall include soil pH, phosphorus, potassium, calcium, 
magnesium, sodium, sulfur, copper, zinc, chloride, and total dissolved salts. In 
addition to the soil amendment and fertilization plan, the Establishment Plan 
shall describe procedures and specific equipment used for ground surface 
preparation, seeding, and mulching. 

1.08  DELIVERY, STORAGE, AND HANDLING 

A. Delivery: Notify Engineer of delivery schedule so plant materials may be 
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inspected upon job site delivery. Remove unacceptable products immediately 
from job site. 

B. Storage and Handling: Protect products against damage or dehydration. 
Cover plant roots and root balls with soil or other accepted material upon job 
site delivery if not to be planted within four hours. Store plant material in light 
shade and protect against harmful weather until planted. Maintain plant 
materials not to be planted within four hours. Water plants as necessary to 
maintain. 

C. Deliver materials to site in original, unopened bags or containers with tags 
and labels securing attached. 

D. Labels and tags shall be vendor’s, producer’s, or manufacturer’s original with 
name, weight, and materials certified analysis.  

E. Deliver seed and fertilizer materials in original unopened containers showing 
weight, analysis, and name of manufacturer. Store in a manner to prevent 
wetting and deterioration. 

1.09  PROJECT CONDITIONS 

 
A. Work notification: Notify RPR at least five (5) working days prior to start of 

seeding operations.  

B. Protect existing utilities, paving, and other facilities from damage caused by 
seeding and planting operations. Repair and make good any damage to 
service lines or improvements caused by operations. 

C. Perform seeding work only after planting and other work affecting ground 
surface has been completed.  

D. The RPR is responsible for restricting traffic from lawn areas upon notification of 
completion of work.  

E. Provide hose and lawn watering equipment as required. Contractor to provide water 
on site. 

F. Barricade or Cover Excavations: Barricade or cover as necessary all excavations to 
protect pedestrians, workers, equipment and adjacent property. 

G. Contractor is responsible for protecting plant material through final acceptance 

1.10  WARRANTY 

A. The Contractor warranties all landscaped areas to be installed according to 
specifications, until accepted by Owner’s Representative. 

B. Plant materials must be in healthy condition at end of a one-year warranty period, or 
for one full growing season from final acceptance, whichever is longer. Plant 
materials approved in the spring shall be alive and in satisfactory growth of the 
following year as follows: Shall be maintained and guaranteed until the next spring’s 
leafing. Replacements: All plants shall be free of dead or dying branches and branch 
tips, and shall bear foliage of a normal density, size and color. Promptly remove 
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dead, unsightly, unhealthy, or excessively pruned plants. These and any plants 
missing due to the contractor’s negligence shall be replaced or added with the same 
kind and size as originally specified as soon as conditions permit. Method of 
replacement shall be the same as specified for the original planting with 
replacements matching and adjacent specimens of the same species. 
Replacements shall be made as many times as necessary to ensure healthy plants 
and they shall be maintained and guaranteed. Replacements shall be made at the 
contractor’s expense and shall be guaranteed for two full years from time of 
replacement. 

C. Contractor is responsible to assume liability for all plant material and to warranty 
plants against disease, insect infestation, desiccation, sun scald, freeze damage, or 
any other condition that would cause plants to be unhealthy or to die through 
substantial completion. 

D. Replace all trees, and perennials when plants are no longer in a satisfactory growing 
condition as determined by the Owner for the duration of the Warranty period. Make 
replacements within seven (7) days of notification from the Owner. Remove dead 
plants within two (2) days of notification and mark the planting plan showing the 
exact location of replaced plants. 

E. Warranty begins at date of final acceptance. 

F. It is expressly understood that the Contractor will be responsible during the Warranty 
period for normal landscape maintenance of the project. Maintenance of the 
landscape shall include, but not be limited to, watering, mowing, weeding, monitoring 
and treating any disease and/or pest problems, cultivating and any other 
maintenance requirements (per standard trade practices) to keep the plant materials 
in a normal healthy growing condition. 

G. Disclaimer - Acts of God and other conditions beyond the landscape contractor’s 
control such as vandalism shall not be the responsibility of the landscape 
contractor. Any over-seeding, re-planting, or re-grading contributed to this must 
be in addition to the contract amount. 

1.11 INSPECTIONS 

A.  Inspections are required.  Contractor shall contact Engineer and RPR at least 
48 hours (2 working days) in advance of an anticipated inspection.  An 
inspection will be required at each of the steps listed below:  

1. Rough Grade Prior to Commencement of Soil Preparation:  Upon 
completion of rough grading and prior to commencement of soil 
preparation, for acceptance of rough grading work and taking of soils 
samples. 

2. Finish Grade:  Inspection of completed finish grading work following soil 
preparation work. 

3. Plant Material:  Inspection of plant materials upon delivery to the job site, 
but prior to planting. 
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4. Plant Locations:  When container plants and/or bare rootstock are spotted 
for planting, but before planting holes are excavated.   

5. Completed Planting:  When planting and all other indicated or specified 
work has been completed.   

6. Chemical Applications:  During application of pre-emergent chemical.   
7. Start of Plant Establishment:  At the start of the Plant Establishment 

Period.   
8. End of the Plant Establishment:  Prior to Final Acceptance of the Project for 

ongoing maintenance, the project will be inspected for end of the Plant 
Establishment Period.  Acceptance for maintenance shall be confirmed in 
writing.    Contractor shall remain  responsible  for  maintenance  until  
receipt  of  written  confirmation  of  acceptance  of  the  Project  for  
maintenance  by  the owner. 

1.12 PERMITS, CODES, AND REGULATIONS 

 
A. The Contractor shall obtain and pay for all necessary permits and fees as 

required by local authority and prevailing ordinances and/or codes. 

B. The Contractor shall keep fully informed and shall comply with all existing 
laws, codes, ordinances, and regulations which in any way affect the 
conduct of the work. 

PART 2 PRODUCTS 

2.1 GENERAL PLANT REQUIREMENTS 
 

A. All plants shall be nursery grown, or normal habit of growth, healthy, vigorous 
and free of disease, insect eggs and larvae. Plants shall not be pruned prior 
to delivery. Plants shall have all leaders and buds intact. Grading of plant 
material and root ball / container sizes shall be in accordance with the code of 
standards of the American Association of Nurserymen. 

B. Provide the number of plants shown graphically on the Landscape Drawings 
or listed on the Plant Materials List, whichever is greater, or to cover at 
specified spacings. 

C. Tree with multiple leaders, unless specified, will be rejected. Trees with a 
damaged or crooked leader, bark abrasions, sunscald, disfiguring knots, 
insect damage, or cuts of limbs over three quarter (3/4) inch in diameter that 
are not completely closed will be rejected. 

D. Plants are required to be from stock acclimated to ‘Project Site’ environmental 
conditions, having been consistently cultivated and grown under these 
conditions. 

E. Root Protection: Large plants Balled and Burlapped (B&B) with natural ball of 
size to ensure healthy growth. Small plants container-grown furnished in 
removable containers or integral peat pots well rooted to ensure healthy 
growth. Grow container plants in containers from six months to two years 
prior to delivery with roots filling container but not root bound. 
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F. Plant Names: Plants shall be true to name and one of each bundle or lot shall 
be tagged with the common and botanical name and size of the plants in 
accordance with the standards of practice of the American Association of 
Nurserymen and shall conform to Standardized Plant Names, 1942 Edition, 
published by J. Horace McFarland Company. In all cases, botanical names 
shall take precedence over common names. 

 
2.2 TOPSOIL 
  

A. Reference Specification 32 91 05: Topsoiling and Finished Grading.  

B. Topsoil for the planting bed areas shall be native topsoil from the required 
project excavation, or if required, imported topsoil material, provided the 
topsoil has a natural friable quality that possesses characteristics of healthy, 
fertile topsoil. Topsoil must be capable of growing healthy plants and must 
meet the results of the requirements of the soil fertility test report. Topsoil 
must also not contain any subsoil, clay lumps, stone, or similar objects larger 
than 1-inch diameter, brush, stumps, roots, objectionable weeds, litter, 
excess acid or alkali, or any other material harmful to healthy plant growth, or 
that is a hindrance to fine grading and maintenance operations. 

C. Do not use topsoil containing common horsetail (Equisetum arvense), 
himalayan blackberry (Rubus procerus), tall fescue (Festuca arundinacea), 
and scotch broom (Cytisus scoparius), or other plants listed as noxious 
weeds by authorized State or County officials. 

D. NATIVE TOPSOIL. The native topsoil is taken from the A Horizon of the 
existing site once the top layer of vegetation has been stripped. To qualify for 
use in the landscape areas, the topsoil shall be separated from other site 
soils and stockpiled for later use. It shall be a natural friable soil and shall be 
reasonably free from sod, grass, subsoil, clay lumps, stone, or similar objects 
larger than 1 inch in greatest diameter, brush, stumps, roots, objectionable 
weeds or litter, growth or a hindrance to subsequent smooth grading, and 
maintenance operations. Screening may be necessary. 

1.  If native soils do not meet the definition and quality of “Native Topsoil”, 
then imported topsoil is to be used and will be incidental to the topsoil 
price. 

E. IMPORTED TOPSOIL. The imported topsoil shall be a natural friable sandy 
loam soil and shall be reasonably free from topsoil, clay lumps, stone, or 
similar objects larger than ½ inch in greatest diameter, brush, stumps, roots, 
objectionable weeds or litter, growth or a hindrance to subsequent smooth 
grading, and maintenance operations. 

1.  New Topsoil: Imported, fertile, friable material of loamy character; of 
uniform grade without admixture of subsoil material; reasonably free 
of clods, stiff clay, hardpan, large stones, plants, roots, sticks, glass, 
waste building materials, rubbish, debris and other deleterious or 
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objectionable materials. 

i. One hundred percent by weight will pass 1” mesh sieve and 97% to 
100% will pass ¼” mesh sieve. In material passing ¼” mesh sieve 
there will not be less than 20% or more than 65% passing No. 200 
mesh sieve as determined by wash test made in accordance with 
standard test ASTM D11 40. 

 
ii. Topsoil will contain not less than 4% nor more than 20% organic 

matter in portion of sample which passes ¼” mesh sieve when 
determined by wet combustion method on sample dried at 105 
degrees C. 

 
iii.Topsoil will have true range of pH values from 7.0 – 5.5. 

 
iv. Topsoil that is obtained from offsite sources shall be tested for 

environmental containments prior to delivery to the site. Tests shall 
consist of testing for pesticides, herbicides, VOC’s, SVOC’s, PCB’s, 
ETPH, and total RCRA-8 metals. 

 
F.  TOPSOIL FERTILITY TEST AND RECOMMENDATION 

 
1. Reference Specification Section 32 91 05 – Topsoiling and Finished 

Grading. 
2. Division 1 - Quality Requirements: Testing, inspection and analysis 

requirements. 
i. Topsoil chemical tests including acidity-alkalinity test and organic 

constituents analysis. 

ii. Topsoil physical tests including sieve analysis for range outlined in 
Section 32 91 05. 

iii. Each analysis shall be accompanied by service’s recommendations 
for bringing topsoil to true range of pH values listed below for each of 
following uses. 

Lawns and Grasses – pH 6.0 – 6.8   

General Ornamentals – pH 5.5 – 6.5 

 
3. Imported Topsoil: Test and analyze imported topsoil by a qualified testing 

laboratory approved by the Engineer, to ascertain percentage of nitrogen, 
phosphorus, potash, soluble salt and organic matter; and pH value. 
Provide recommendation for fertilizer and soil amendment application rates 
for specified shrub planting and grass as result of testing. 

 
4. Native Topsoil: Obtain and submit a minimum of five (5) different soil 

samples from different on-site locations to a qualified testing laboratory for 
a soil fertility test and recommendation report. The soil fertility test must 
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evaluate available soil nutrient content and fertility status, NPK, soil pH, 
salinity, nitrate, ammonium, phosphate, potassium, calcium, and 
magnesium, and other element necessary to determine soil fertility. The 
cost for testing and the fertilizer and lime soil additives recommended by 
the tests is to be borne by the Contractor and is incidental to the topsoil 
work. 

 
2.3  PLANTING MIX 

A. For plantings; Soil produced by blending 1-part peat moss or compost, 3 
parts topsoil, “transplant 1-step” fertilizer/biostimulant/mycorrhize incoluate as 
manufactured by Roots, Inc. or approved equal, and lime and other 
amendments as indicated by soil analysis. 

B. PLANTING SOIL MIX FOR BIORETENTION. Soil produced by blending 30% 
Topsoil, 30% Sand, 20% stabilized organic compost and 20% fine shredded 
wood chips and lime to produce a homogeneous soil mixture best for 
bioretention. Final mix to be determined by the engineer based on samples 
and test results submitted. 

C. Planting Mix/Soil Mix: Obtain and submit a minimum of five (5) different soil 
samples from different soil batch locations to a qualified testing laboratory for 
a soil fertility test and recommendation report. The soil fertility test must 
evaluate available soil nutrient content and fertility status, NPK, soil pH, 
salinity, nitrate, ammonium, phosphate, potassium, calcium, and magnesium, 
and other element necessary to determine soil fertility. The cost for testing 
and the fertilizer and lime soil additives recommended by the tests is to be 
borne by the Contractor and is incidental to the topsoil work. 

1. Submit the soil fertility test report(s) and laboratory recommendations for 
appropriate plant growth for review and approval to the Engineer before 
beginning work with the topsoil. 

 
2.4  COMPOST, MULCH, AND SOIL ADDITIVES 

A. Compost shall be a commercially manufactured material, medium grind, 
made from dead plant material such as grass clippings, weeds, green and 
dead dry leaves, garden and vegetable material, and ground branches of 
trees and shrubs. Furnish a product that is composted under controlled 
aerobic decomposition, with the internal temperature reaching 57 degrees 
Celsius (135 degrees F) for 15 days, without exceeding 68 degrees Celsius 
(155 degrees F). Ensure that it contains less than 10% bacteria and less than 
10% fungus, is a mature compost, and does not contain detrimental 
components. Certification by testing is required. 

1. Compost Analysis: Have a Compost Foodweb Analysis test performed on 
a sample of the compost at a soil food web lab and submit a copy of the 
test results for approval. The compost must meet the criteria of this 
section. The test must give results in the following categories: 
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• Active Bacterial Biomass 

• Total Bacterial Biomass 

• Active Fungal Biomass 

• Total Fungal Biomass 

• Hyphal Diameter 

• Protozoa Numbers 

• Total Nematode Numbers 

2. An approved Soil Food Web Lab is: 

Soil Foodweb Inc. 
128 NE 2nd St., Suite 120 
Corvallis, OR 97330 
541.752-5066 
www.soilfoodweb.com 

 
B. All mulch shall be Pine Straw from long leaf pine trees. 

C. Soil additives for correction of pH and trace element deficiencies per the soils 
report shall be factory labeled containers and approved prior to application. 

2.5   FERTILIZER AND SOIL AMENDMENTS 

A. Fertilizers and soil amendments shall be of commercial grade, uniform in 
composition, free flowing and suitable for the Contractor's application method. 
Materials shall be delivered in bulk or labeled containers and shall conform to 
current Texas Department of Agriculture requirements for commercial 
fertilizers and soil amendments. Federal and state Government conforming 
labels that indicate producer's name, type, analysis, weight, and warranty of 
producer shall accompany each delivery of fertilizer.  

B. The Contractor shall provide duplicate signed copies of invoices from 
suppliers of fertilizer and/or soil amendments showing quantity, grade, and 
fertilizer analysis indicating percentages of nitrogen (soluble and insoluble), 
phosphorus, and potassium. 

1. Granular, non-burning product composed of not less than 50% organic, 
slow acting, guaranteed analysis professional fertilizer. 

i. Pre-emergent herbicide: Ronstar G, granular or equal. 

ii. Per soils report approved prior to application. 

2.6 TREE SUPPORTS 

A. Tree stakes shall be as detailed in drawings and shall be free of knots and 
cracks. 

B. Wood Stakes: 2-inch x 2-inch x 8-foot rough, douglas fir stakes, standard and 
better grade, free of large knots, pre-stained with one coat oil base wood stain, 
Olympic Redwood Natural Tone #717 or approved equal. 

http://www.soilfoodweb.com/
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C. Tree Ties: Broad belt-type strapping or plastic chain (min. 1.5-inch width). 
Submit sample for approval. 

D. Tree Wrap: Corrugated or crepe paper, designed specifically to resist insect 
infestation and sun scald. 

2.7  WATER 

A. Contractor shall make, at Contractor expense, whatever arrangements are 
necessary to ensure an adequate supply of water to meet the needs of this 
contract. Contractor shall also furnish necessary hose, equipment, 
attachments, and accessories for the adequate irrigation of planted areas as 
may be required to complete the work specified. All costs for water incurred 
during the contract period shall be borne by the Contractor unless other 
arrangements are made with the Owner. 

2.8  ANTI-DESICCANT 

A. Anti-desiccant shall be ‘Wilt-Pruf’, delivered in manufacturer’s containers and 
used in accordance with manufacturer’s recommendations. 

2.9 Soil Polymer 

A.  Soil polymer shall be “Soil Moist”, delivered in manufacturer’s containers and 
used in accordance with manufacturer’s recommendations. 

PART 3 EXECUTION 

3.1 GENERAL 

A.  Examine finish surfaces, grades, topsoil quality, and depth. Do not start 
landscape work until unsatisfactory conditions are corrected. All areas shall be 
finish, graded, and approved by the RPR before commencement of 
landscaping. All areas shall allow for planting soil amendments added to 
planting areas as specified. All grades shall flow smoothly into one another 
and produce positive drainage. The Contractor is responsible for any adverse 
drainage conditions that may affect plant growth and architectural features 
unless the Contractor contacts the Owner immediately, indicating any possible 
problems. 

3.2 CLEAR THE GROUND 

A. Prior to amending soil, strip areas to be planted with wildflowers of existing 
vegetation by one of the following methods: 

1. Striping and Rototilling – take 2-3 passes over the soil, all spaced a few 
weeks apart. The first tilling can be done at a depth of 4-6”, with each 
consecutive tilling being done at a shallower depth 

2. Natural Herbicides - Organic (non-synthetic) herbicides. Follow 
manufacture label directions. 

3. After striping apply a pre-emergent herbicide to the area to be planted with 
wildflowers. 

3.3 SOIL PREPARATION 
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A. Spread 2-1/2" of approved planting mix over all planting bed areas and fully 
incorporate by discing, tilling, hand spading, or other methods to a minimum 
depth of 4". 

B. Finish grade area by floating and hand raking to an acceptable smooth, even 
grade. Remove high points and fill low pockets to eliminate the possibility of 
standing water. All areas shall have positive drainage. Bring finished grade to 3" 
below adjacent curbs, walks and lawn grades to allow for the application of 3" of 
specified mulch. 

3.4 LAYOUT 

A.  Contractor shall field stake tree locations for approval. Make required field 
adjustments as directed without additional cost to the Engineer. The right to 
make minor adjustments in layout is reserved by the Engineer. 

3.5 EXCAVATION 

A.  Excavate holes for trees, shrubs, and groundcover consistent with good 
horticultural practices. The inside surfaces of all planting holes are to be 
rough, not smooth. If the contractor encounters any unusual condition which, 
in his opinion, is detrimental to the new planting, he shall notify Engineer 
immediately. 

3.6 PLANTING TREES AND SHRUBS 

A.  Plant pits for container grown plant material shall be excavated twice the size 
of the container diameter of the plant being planted, or as shown in the 
drawings. 

B.  Plant pits shall be dug to produce vertical sides and flat, uncompacted 
bottoms. When pits are dug with an auger and the sides of the pits become 
glazed, the glazed surface shall be scarified. The size of plant pits shall be as 
shown on planting details. 

C.  Remove plants from containers without disturbing the rootball. Set plants in pit, 
cradling and supporting the rootball. Position plant for the "best side" view and 
for minimum obstruction to traffic on adjacent pavement, if applicable. 

D. Backfill pit with a blended mixture containing one part compost, three parts 
native soil. When the plant is set and the backfill has been water-settled, the 
top of the rootball shall be at finish grade or as shown. 

E. Mulch all plant pits, shrub beds, and groundcover beds with a three (3) inch 
depth of approved ground mulch immediately after planting. 

F. Cut off cleanly all broken or frayed roots. 

G. When planting hole is one-half backfilled, fill with water and let stand until 
water is absorbed into soil. Continue topsoil fill and when planting hole is 
three-fourths filled. 

H. Initial water-in of trees and shrubs by underground sprinkler system is not 
permitted. 
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3.7 INSTALLATION OF SUPPORTS 

A. Refer to detail. 

B. Tree Wrapping: Deciduous trees shall be wrapped promptly after planting to 
prevent sun scald, wrapping as approved by American Association of 
Nurserymen. Wrap spirally from ground line to the height of the second finish 
branches. Wrap in neat and snug manner and fasten at bottom, top and in the 
middle. Wrap before staking. 

3.8 FIELD PRUNING 

A. Prune trees and shrubs to remove all suckers, damaged branches, to preserve 
the natural shape per ANSI Z60.1 and thin not more than 10% of branches. 

3.9 MULCH 

A. Apply a 3" layer of specified mulch over all planting areas after planting and 
rake to a smooth finish grade. 

3.10 ADJUSTMENT AND CLEANING 

A. Remove and replace plants or materials not meeting specified standards. 

B. Reinstall plants not located as indicated on drawings. 

C. Areas are to be kept clean during progress of work until completion. 

D. Pressure Washing of Concrete, Masonry and Asphaltic Paving: 

Any paved area or surfaces stained or soiled from landscaping materials 
having been hauled, carried or spilled over or around it shall be cleaned with a 
power sweeper using water under pressure. Building surfaces shall be washed 
with proper equipment and materials as approved by the Architect. 

E. Reshape Saucers and removed and dispose of guys, wires, rubberhose 
sections, stakes, and tree wrap offsite and at end of warranty period. 

3.11 MAINTENANCE 

A. Defects of materials and workmanship. Maintenance of all the planted areas 
until Final Acceptance shall include, but not be limited to, watering, mowing, 
weeding, and pruning as well as replacement of any plants that appear to be 
in distress. Although planting shall occur in spring or fall of year when weather 
conditions are favorable, special planting techniques, defoliating, wilt proofing, 
or spray misting may be required should unseasonable planting conditions 
occur. 

B. Irrigate when necessary to avoid drying out of plant materials, and to promote 
healthy growth. 

3.12 FINAL ACCEPTANCE 

A. Protect and maintain through final acceptance work in this specification 
section against all injury until final acceptance.  
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B. Contractor is responsible for maintenance of site during construction; planting 
areas to be kept neat and clear of debris. At end of warranty period, following 
satisfactory completion of remedial work, and upon written request by 
Contractor, two weeks before anticipated review, Architect will make field 
review of planting for final acceptance. 

                                                  END OF SECTION 
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SECTION 32 91 05 

TOPSOILING AND FINISHED GRADING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Furnishing and placing topsoil for finished grading and for seeding, sodding, 
and planting. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 31 10 00 - Site Clearing. 

4. Section 32 90 10 – Trees, Shrubs, and Groundcovers. 

C. Location of Work:  All areas within limits of grading and all areas outside limits 
of grading which are disturbed in the course of the work. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

C. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

3. Project Data:  Test reports for furnished topsoil. 

1.3 SITE CONDITIONS 

A. Verify amount of topsoil stockpiled and determine amount of additional topsoil, if 
necessary, to complete work. 
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1.4 MATERIALS 

A. Topsoil: 

1. Shall be fertile, friable, natural sandy loam surface soil obtained from 
excavation or borrow operations having the following characteristics: 

a. pH value of between 5.5 and 6.5. 

b. Liquid Limit: 50 or less. 

c. Plasticity index: 20 or less. 

d. Gradation: maximum of 10 percent passing No. 200 sieve. 

2. Shall be reasonably free of subsoil, clay lumps, weeds, non-soil materials, 
and other litter or contamination.  Topsoil shall not contain roots, stumps, 
and stones larger than 2 inches. 

3. Obtain topsoil from naturally well-drained areas where topsoil occurs at 
minimum depth of 4 inches and has similar characteristics to that found at 
placement site.  Do not obtain topsoil from areas infected with growth of, or 
reproductive parts of nut grass or other noxious weeds. 

4. Imported, original surface soil typical of the area. 

5. Existing topsoil stockpiled under Specification Section 31 10 00. 

6. Capable of supporting native plant growth. 

1.5 TOLERANCES 

A. Finish Grading Tolerance:  0.1 FT plus/minus from required elevations. 

PART 2 - EXECUTION 

2.1 EXAMINATION 

A. Excavate topsoil for esplanades and areas to receive grass or landscaping from 
areas to be further excavated.  Stockpile in area approved by RPR. 

B. Stockpile topsoil to depth not exceeding 8 feet.  Cover to protect from erosion. 

2.2 PREPARATION 

A. Correct, adjust and/or repair rough graded areas. 

1. Cut off mounds and ridges. 

2. Fill gullies and depressions. 

3. Perform other necessary repairs. 

4. Bring all sub-grades to specified contours, even and properly compacted. 

B. Loosen surface to depth of 2 IN, minimum. 

C. Remove all stones and debris over 2 IN in any dimension. 
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2.3 PLACEMENT 

A. Place no topsoil until subgrade has been approved.  For areas to be seeded or 
sodded, scarify or plow existing material to minimum depth of 4 inches, or as 
indicated on Drawings.  Remove vegetation and foreign inorganic material.  
Place 4 inches of topsoil on loosened material and roll lightly with appropriate 
lawn roller to consolidate topsoil. 

B. Increase depth of topsoil to 6 inches when placed over sand bedding and 
backfill materials specified in Section 31 21 33 Trenching, Backfilling, and 
Compacting For Utilities. 

C. For areas to receive shrubs or trees, excavate existing material and place 
topsoil to depth and dimensions shown on Drawings. 

D. Remove spilled topsoil from curbs, gutters, and paved areas and dispose of 
excess topsoil in accordance with requirements of Section 01 74 19 - Waste 
Material Disposal. 

E. Place topsoil to promote good drainage and compact with light roller. Water 
topsoil after placement until saturated for minimum depth 6 inches, fill in and 
recompact areas of settlement. 

2.4 PROTECTION 

A. Protect topsoil from wind and water erosion until planting is completed. 

2.5 ROUGH GRADE REVIEW 

A. Reviewed by Owner’s representative in Specification Section 31 10 00. 

2.6 PLACING TOPSOIL 

A. Do not place when subgrade is wet or frozen enough to cause clodding. 

B. Spread to compacted depth of 4 IN for all disturbed earth areas. 

C. If topsoil stockpiled is less than amount required for work, furnish additional 
topsoil at no cost to Owner. 

D. Provide finished surface free of stones, sticks, or other material 1 IN or more in 
any dimension. 

E. Provide finished surface smooth and true to required grades. 

F. Restore stockpile area to condition of rest of finished work. 

2.7 ACCEPTANCE 

A. Upon completion of topsoiling, obtain Owner’s representative acceptance of 
grade and surface. 

B. Make test holes where directed to verify proper placement and thickness of 
topsoil. 

END OF SECTION 
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SECTION 32 92 13 

HYDRO-MULCHING 

PART 1 GENERAL 

1.1 SUMMARY 

A. Section Includes  

 Seeding, fertilizing, mulching, and maintenance of areas indicated on 
Drawings. 

1. Measurement and Payment 

2. Submittals 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 – General Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price. No separate payment will be made for this item.  Include the cost 
in associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is Stipulated Price Contract, 
payment for work in this Section is included in total Stipulated Price. 

1.3 SUBMITTALS 

A. Conform to requirements of Section 01 33 00 – Submittals. 

B. Submit certification from supplier that each type of seed conforms to these 
specifications and requirements of Texas Seed Law.  Certification shall 
accompany seed delivery. 

C. Submit certificate stating that fertilizer complies with these specifications and 
requirements of Texas Fertilizer Law. 

PART 2 PRODUCTS 

2.1 MATERIALS 

A. Topsoil:  Conform to material requirements of Section 32 91 05 – Topsoiling 
and Finished Grading. 

B. Seed:  Conform to U.S. Department of Agriculture rules and regulations of 
Federal Seed Act and Texas Seed Law.  Seed shall be certified 90 percent 
pure and furnish 80 percent germination and meet following requirements: 

1. Rye:  Fresh, clean, Italian rye grass seed (lollium multi-florum), mixed in 
labeled proportions.  As tested, minimum percentages of impurities and 
germination must be labeled.  Deliver in original unopened containers. 
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2. Bermuda:  Extra-fancy, treated, lawn type common bermuda (Cynodon 
dactylon).  Deliver in original, unopened container showing weight, 
analysis, name of vendor, and germination test results. 

3. Wet, moldy, or otherwise damaged seed will not be accepted. 

4. Seed requirements, application rates, and planting dates are: 

TYPE 
APPLICATION RATE 

POUNDS/ACRE 
PLANTING 

DATE 

Hulled Common Bermuda Grass 98/88 

Unhulled Common Bermuda Grass 98/88 

40 

40 
Jan 1 to Mar 31 

Hulled Common Bermuda Grass 98/88 40 Apr 1 to Sep 30 

Hulled Common Bermuda Grass 98/88 

Unhulled Common Bermuda Grass 98/88 

Annual Rye Grass (Gulf) 

40 

40 

30 

Oct 1 to Dec 31 

 

C. Fertilizer:  Dry and free flowing, inorganic, water soluble commercial fertilizer, 
which is uniform in composition.  Deliver in unopened containers which bear 
manufacturers guaranteed analysis.  Caked, damaged, or otherwise 
unsuitable fertilizer will not be accepted.  Fertilizer shall contain minimum 
percentages of following elements: 

1. Nitrogen:  10 Percent 

2. Phosphoric Acid:  20 Percent 

3. Potash:  10 Percent 

D. Mulch: 

1. Virgin wood cellulose fibers from whole wood chips having minimum of 
20 percent fibers 0.42 inches in length and 0.01 inches in diameter. 

2. Cellulose fibers manufactured from recycled newspaper and meeting 
same fiber content and size as for cellulose fibers from wood chips. 

3. Dye mulch green for coverage verification purposes. 

E. Soil Stabilizer:  “Terra Tack 1” or approved equal. 

F. Weed control agent: Pre-emergent herbicide for grass areas, such as 
“Benefin,” or approved equal. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. Place and compact topsoil in accordance with requirements of Section 32 91 
05 – Topsoiling and Finished Grading.  

B. Dispose of Objectionable and Waste Materials in accordance with Division 
00 - Bidding Requirements, Contract Forms, and Conditions of the Contract 
at no additional cost to the Owner. 

3.2 APPLICATION 

A. Seed:  Apply uniformly at rates given in Paragraph 2.1 B for type of seed and 
planting date. 

B. Fertilizer:  Apply uniformly at rate of 500 pounds per acre. 

C. Mulch:  Apply uniformly at rate of 50 pounds per 1,000 square feet. 

D. Soil Stabilizer:  Apply uniformly at rate of 40 pounds per acre. 

E. Weed Control Agent:  Apply at manufacturer's recommended rate prior to 
hydro mulching. 

F. Sod: Lay single row of sod along perimeter where top soil and pavement 
intersect.   

G. Suspend operations under conditions of drought, excessive moisture, high 
winds, or extreme or prolonged cold.  Obtain Authority’s Engineer approval 
before resuming operations. 

3.3 MAINTENANCE 

A. Maintain grassed areas minimum of 90 days, or as required to establish an 
acceptable lawn.  For areas seeded in fall, continue maintenance following 
spring until acceptable lawn is established. 

B. Maintain grassed areas by watering, fertilizing, weeding, and trimming. 

C. Repair areas damaged by erosion by regrading, rolling, and replanting. 

D. Reseed small, sparse grass areas.  When sparse areas exceed 20 percent 
of planted area, reseed by hydro mulch. 

E. Water in accordance with Texas Department of Transportation Specification 
Section 168. 

F. Mow grass when height reaches 3½ inches or greater on average before 
final acceptance.  Mow to height of 2½ inches. 

END OF SECTION
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SECTION 32 92 40 

SEEDING AND SODDING 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section  

B. SUMMARY 

1. Section Includes: 

a. Seeding 

b. Hydroseeding 

c. Sodding 

d. Meadow grasses and wildflowers 

e. Turf renovation 

2. Sequence of Work 

a. Soil Analyses 

b. Preparation of Ground Surface 

c. Fertilization and Soil Amendments 

d. Seeding 

e. Mulching 

f. Water Application 

g. Mowing 

C. Related Requirements: 

1. Section 01 43 00 – Contractor’s Quality Control. 

2. Section 32 90 10 – Trees, Shrubs, and Groundcovers; and other plants as 
well as border edgings and mow strips. 

1.02  PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at the West Harris County 
Regional Water Authority Central Pump Station located at 4655 Fry Road, Katy, 
TX and invite Engineer and RPR. 

1.03 INFORMATIONAL SUBMITTALS 

A. TURF ESTABLISHMENT PLAN 

1. At least 14 calendar days prior to initiating grass establishment, the 
Contractor shall furnish a Turf Establishment Plan for review and approval. 
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The plan shall include recommendations for fertilizer and/or soil 
amendment application based upon soil testing results by a certified 
agronomist or soil scientist for each section to be turfed.  

2. The Contractor shall provide the name of the certified agronomy testing 
laboratory. Soil analyses shall include soil pH, phosphorus, potassium, 
calcium, magnesium, sodium, sulfur, copper, zinc, chloride, and total 
dissolved salts.  

3. In addition to the soil amendment and fertilization plan, the Turf 
Establishment Plan shall describe procedures and specific equipment 
used for ground surface preparation, seeding, and mulching. Unless the 
approved Turf Establishment Plan contains a variation, the minimum 
requirements for ground surface preparation, seeding, and mulching 
contained in this specification will be controlling. 

B. Certification of Grass Seed: From seed vendor for each grass-seed monostand 
or mixture, stating the botanical and common name, percentage by weight of 
each species and variety, and percentage of purity, germination, and weed 
seed. Include the year of production and date of packaging. 

1. Certification of each seed mixture for turfgrass, sod. Include identification 
of source and name and telephone number of supplier. 

C. Product Certificates: For fertilizers, from manufacturer. 

D. Organic Pesticides and Herbicides: Product label and manufacturer's 
application instructions specific to Project. 

1.04 CLOSEOUT SUBMITTALS 

A. Maintenance Data: Recommended procedures to be established by Owner for 
maintenance of turf and meadows during a calendar year. Submit before 
expiration of required maintenance periods. 

1.05  QUALITY ASSURANCE 

A. Installer Qualifications: A qualified landscape installer whose work has resulted 
in successful turf and meadow establishment. 

1. Installer's Field Supervision: Require Installer to maintain an experienced 
full-time supervisor on Project site when work is in progress. 

2. Pesticide Applicator: State licensed, commercial. 

1.06  DELIVERY, STORAGE, AND HANDLING 

A. Seed and Other Packaged Materials: Deliver packaged materials in original, 
unopened containers showing weight, certified analysis, name and address of 
manufacturer, and indication of compliance with state and Federal laws, as 
applicable. 

B. Sod: Harvest, deliver, store, and handle sod according to requirements in 
"Specifications for Turfgrass Sod Materials" and "Specifications for Turfgrass 
Sod Transplanting and Installation" sections in Turfgrass Producers 
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International (TPI) "Guideline Specifications to Turfgrass Sodding." Deliver sod 
within 24 hours of harvesting and in time for planting promptly. Protect sod from 
breakage and drying. 

C. Bulk Materials: 

1. Accompany each delivery of bulk materials with appropriate certificates. 

1.07 FIELD CONDITIONS 

A. Planting Restrictions: Plant during one of the following periods. Coordinate 
planting periods with initial maintenance periods to provide required 
maintenance from date of Final Acceptance. 

1. Feb-March 

2. Sept-Feb 

B. Weather Limitations: Proceed with planting only when existing and forecasted 
weather conditions permit planting to be performed when beneficial and 
optimum results may be obtained. Apply products during favorable weather 
conditions according to manufacturer's written instructions. 

2. PRODUCTS 

2.01 SEED 

A. For turf establishment, the Contractor shall furnish and apply certified (blue-tag) 
seed in accordance with regulations from the U.S. Department of Agriculture 
(under the Federal Seed Act). Seed must be in sealed or unopened containers 
prior to initiation of application. Seed that is wet, moldy or otherwise non-viable 
due to damage in transit or storage will not be accepted. Seed that is older than 
one year past label germination tests will not be accepted. 

B. Seed Species: 

1. Quality: State-certified seed of grass species as listed below for solar 
exposure. 

2. Full Sun: Bermudagrass (Cynodon dactylon). 

2.02  TURFGRASS SOD 

A. Turfgrass Sod: Approved, complying with "Specifications for Turfgrass Sod 
Materials" in TPI's "Guideline Specifications to Turfgrass Sodding." Furnish 
viable sod of uniform density, color, and texture that is strongly rooted and 
capable of vigorous growth and development when planted. 

B. Turfgrass Species: Bermudagrass (Cynodon dactylon) or Centipedegrass 
Eremochloa ophiuroides. 

2.03 MEADOW GRASSES AND WILDFLOWERS 

A. Wildflower Seed: Fresh, clean, and dry new seed, of mixed species as follows: 

1. Wildseed Farms: Texas/Oklahoma Wildflower Mix - 3341Native-Grass 
Seed or approved equal 



 WHCRWA 

SEEDING AND SODDING CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
SEEDING AND SODDING 

32 92 40 - 4 OF 14 

B. Native Grass Seed: Fresh, clean, and dry new seed, of mixed species as 
follows: 

1. Wildseed Farms: Low-Growing Meadow Blend - 3814Wildflower and 
Native-Grass Seed or approved equal. 

C. Seed Carrier: Inert material, sharp clean sand or perlite. 

2.04 FERTILIZERS 

A. Fertilizers and soil amendments in accordance with the approved Turf 
Establishment Plan shall be of commercial grade, uniform in composition, free 
flowing and suitable for the Contractor's application method.  

2.05  MULCHES 

A. Mulch options include threshed straw from a cereal grain such as oats, wheat, 
barley, rye, or rice; bagasse; grass hay; or wood mulch fiber that shall be 
furnished and applied by the Contractor. All mulch products shall include a 
minimum 3% tackifier or be anchored by a method approved by the Contracting 
Officer. Materials that contain noxious grass or weed seeds that might be 
detrimental to the seed establishment or turf growth or to adjacent areas will not 
be acceptable. Mulch shall not contain any paper fiber product.  

B. Nonasphaltic Tackifier: Colloidal tackifier recommended by fiber-mulch 
manufacturer for slurry application; nontoxic and free of plant-growth or 
germination inhibitors. 

C. Asphalt Emulsion: ASTM D 977, Grade SS-1; nontoxic and free of plant-growth 
or germination inhibitors. 

2.06 WATER SOURCE 

A. Water applied during establishment and irrigation of grass on the area from a 
water source other than municipal water supply shall be analyzed by a 
certified water analysis laboratory. The water source shall be tested every 30 
days or until operations cease use of the water source for irrigation purposes. 
In addition to the agronomic tests to determine irrigation water suitability, the 
contractor should not apply water as irrigation that may contain any 
substance toxic to plants or that limits plant growth (e.g. oil, acid, alkali, salt, 
etc.). 

2.07 HERBICIDES 

A. Herbicides shall all be organic in origin and shall be delivered to the mixing 
site in original, un-opened containers bearing legible labels indicating the EPA 
registration numbers and product label. All operations associated with 
herbicide applications shall be in strict compliance with the manufacturer's 
label, an approved herbicide application plan, and all local, state, and federal 
regulations. The RPR shall be informed as to the exact date, location and 
time of herbicide application prior to herbicide use. 
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B. Pre-Emergent Herbicide (Selective and Nonselective): Effective for controlling 
the germination or growth of weeds within planted areas at the soil level 
directly below the mulch layer. 

2.07  GRASS-PAVING MATERIALS 

A. Grass Paving: Cellular, nonbiodegradable plastic mats, designed to contain 
small areas of soil and enhance the ability of turf to support vehicular and 
pedestrian traffic, of nominal mat thickness. Include manufacturer's 
recommended anchorage system for slope conditions. 

PART 3 - EXECUTION 

3.01 GENERAL 

A. Examine areas to be planted for compliance with requirements and other 
conditions affecting installation and performance of the Work. 

1. Verify that no foreign or deleterious material or liquid such as paint, paint 
washout, concrete slurry, concrete layers or chunks, cement, plaster, oils, 
gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, or 
acid has been deposited in soil within a planting area. 

2. Suspend planting operations during periods of excessive soil moisture 
until the moisture content reaches acceptable levels to attain the required 
results. 

3. Uniformly moisten excessively dry soil that is not workable or which is 
dusty. 

B. SOIL ANALYSIS 

1. Soil samples shall be collected for every 5 acres of disturbed area to be 
turfed. 

2. Each soil sample shall be a composite sample from no less than six 
random areas within the 5-acre area to a depth of four inches of the area 
to be seeded.  

3. Collected soil shall be mixed within a clean, non-metallic container. All 
organic matter from existing vegetation shall be removed from the soil 
sample prior to submission to the testing laboratory. 

C. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.02  PREPARATION 

A. TURF AREA PREPARATION  

1. Soil shall be tilled to a depth of 2 inches by plowing, disking, harrowing, or 
other approved methods in the Turf Establishment Plan in order to provide 
an acceptable seed bed. The soil preparation shall be performed only 
during periods acceptable for turf establishment, in the opinion of the 
Contracting Officer's Representative. Environmental conditions that may 
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constitute unacceptable periods for soil preparation include, but are not 
limited to, drought, high winds, excessive moisture, etc. The work shall 
cease until conditions are more favorable for turf establishment. Any 
additional soil repair shall be completed prior to turf establishment.  

2. Adjustment of soil nutrient levels will be in accordance with the approved 
Turf Establishment Plan as specified in paragraph Turf Establishment 
Plan. Unless otherwise specified in the approved plan, initial fertilizers and 
soil amendments applications shall be incorporated into the top two inches 
of soil prior to seeding.  

3. In accordance with the approved Turf Establishment Plan, fertilizer shall 
be incorporated to a depth of 2 inches prior to seeding. 

4. Soil pH shall be between 5.4 and 8.2. If the soil pH is outside of this range, 
one of the following amendments shall be added to adjust the soil pH. 

a. A pulverized or palletized agricultural lime source shall be applied 
prior to planting and incorporated into the top 2 inches of soil. The 
rate of lime application shall be as specified in the approved Turf 
Establishment Plan. Dolomitic lime may be substituted for lime if 
magnesium levels are insufficient in accordance with the soil test 
results. Materials shall be hydrated lime. The quantity of lime to be 
mixed with the embankment shall be determined by the soil testing 
results and shall be sufficient in quantity to permit compaction to 
the specified density. The lime shall be uniformly spread and 
uniformly mixed with the soil. 

b. Reduce Soil pH: Agricultural grade elemental sulfur shall be 
applied, as specified in the approved Turf Establishment Plan, prior 
to planting. Elemental sulfur shall be incorporated into the top two 
inches of soil. Retain subparagraph below for sodded turf. 

c. Reduce elevation of planting soil in areas to receive sod to allow for 
soil thickness of sod. 

d. Moisten prepared area before planting if soil is dry. Water 
thoroughly and allow surface to dry before planting. Do not create 
muddy soil. 

e. Before planting, obtain RPR’s acceptance of finish grading; restore 
planting areas if eroded or otherwise disturbed after finish grading. 

B. SEEDING 

1. The applicable seed shall be sown at the rate and time as indicated in the 
table below, unless otherwise specified in the approved Turf 
Establishment Plan or section 32 92 13 Hydromulching. A method of 
sowing shall be employed; using approved mechanical power-drawn 
seeders, mechanical hand- seeders, broadcast-seeders, or other 
approved methods. When delays in operations extend the work beyond 
the most favorable planting season for the species designated, or when 
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conditions are such by reason of drought, high winds, excessive moisture, 
or other factors that satisfactory results are not likely to be obtained, work 
shall be stopped as directed by the Contracting Officer’s Representative 
and resumed only when conditions are favorable for turf establishment or 
when approved alternative or corrective measures and procedures have 
been completed. If inspection during or after seeding operations indicates 
that areas have been left unplanted or other areas have not been 
adequately addressed, additional seed shall be applied. 

TYPE 
APPLICATION RATE 

POUNDS/ACRE 
PLANTING 

DATE 

Hulled Common Bermuda Grass 98/88 

Unhulled Common Bermuda Grass 98/88 

40 

40 
Jan 1 to Mar 31 

Hulled Common Bermuda Grass 98/88 40 Apr 1 to Sep 30 

Hulled Common Bermuda Grass 98/88 

Unhulled Common Bermuda Grass 98/88 

Annual Rye Grass (Gulf) 

40 

40 

30 

Oct 1 to Dec 31 

 

 

1. PLS (Pure Live Seed) = (label germination rate x label purity) x 100  

1. Example of how to calculate PLS  

a. PLS = (0.95 germination rate x 0.85 purity) x 100  

b. PLS = 81 %  

c. Therefore 1 Ib PLS requires 1/0.81 = 1.23 lbs of seed  

2. Seed shall be broadcast with approved sowing equipment and 
distributed uniformly over designated areas at the appropriate seeding 
rates. After broadcast seeding, seed shall be covered to an average 
depth of 1/4-inch using a brush, harrow, spike-tooth harrow, chain 
harrow, cultipacker, or other approved device. In addition, after soil 
amending and seeding, the soil shall be compacted using a tractor 
drawn pull behind smooth drum roller or other approved equipment 
necessary to compact the soil to prevent erosion prior to mulching. 
Seed shall not be broadcast during windy or inclement weather. 

2. APPLYING AND ANCHORING MULCH 

a. Application of mulch shall follow these guidelines unless otherwise 
specified in the approved Turf Establishment Plan.  

b. The mulch shall be vegetative non-asphalt mulch consisting of grain 
straw (oats, wheat, or rice) wood fiber or grass hay.  
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c. Dry broadcast type mulch, as specified in paragraph II Mulch", shall be 
applied uniformly on the soil surface at the minimum rate of 2 tons 
(approximately 80 bales) per acre. Hydrologicly-placed mulch (applied 
at the rate specified in the turf establishment plan but no less than 
3,500 pounds per acre on levee slopes and crown and 2,000 pounds 
per acre on berms) shall be done immediately after seeding.  

d. Hydromulching will include an improved tackifier applied at the rate 
recommended by the manufacturer. Dry broadcast type mulch shall 
be tacked by spraying with emulsified tackifier at the rate of 150 
gallons per ton of mulch, crimped or as recommended in the Turf 
Establishment Plan.  

1. The mulch and tackifier shall be applied by means of approved 
equipment. 

3. WATER APPLICATION DURING TURF ESTABLISHMENT 

a. Unless the Officer's Representative concurs that acceptable levels 
from precipitation have occurred to support grass establishment, 
watering operations will be conducted one to two days after seeding. 
Water shall be applied at least 2 times per week for a period of 28 days 
unless otherwise directed by the RPR based on natural rainfall. The 
application of water shall sufficiently moisten at least the top 2 inches 
of soil with each irrigation event. The application of water in excess, so 
that surface runoff occurs, is prohibited. The Contractor shall repair all 
damaged areas, including tire ruts and repairs to seeded and mulched 
areas, caused by watering at no additional cost to the Owner. 

4. INSPECTIONS AND REPORTS 

a. After initial planting, the Contractor shall inspect newly turfed areas at 
least once every two weeks. For each inspection conducted, the 
Contractor shall prepare a report summarizing the scope of the 
inspection, names of personnel making the inspection, inspection date, 
height of vegetation, observations and conclusions, maintenance 
performed, and corrective actions, if required.  

b. The report shall be furnished to the Contracting Officer's 
Representative within 24 hours of the inspection as a part of the 
Contractor's QC Report. 

5. REPLANTING 

a. The Contractor shall restore/repair any eroded areas or bare spots 
along the alignment in accordance with the requirements of this 
specification, all at no additional cost to the Owner. 

6. POST-PLANTING FERTILIZER APPLICATION 

a. For those areas that do not require replanting, approximately one 
month after the initial planting, fertilizer shall be applied at the minimum 
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rate of 45 lbs per acre using a slow-release nitrogen fertilizer formula, 
or at a rate as recommended in the Turf Establishment Plan.  

b. The fertilizer shall be applied with irrigation or rainfall occurring within 
24 hours. 

7. ESTABLISHMENT 

a. Turf will be considered established and completed when the areas to 
be turfed have produced the required grass species, either Bermuda, 
Bahia or Seashore Paspalum, over a minimum of 75 percent of the 
entire area as determined by the Contracting Officer's Representative 
by random sampling. Seventy-five percent coverage shall be confirmed 
by the use a 1-meter square constructed from PVC with 100 blocks of 
lOOcm2 (10 cm grid). Measurements shall be made every 100 to 250 
feet. If 25 blocks of the I-meter square are not filled with the intended 
vegetative species; that section of the levee shall be deemed 
unacceptable. 

8. INSPECTION AND ACCEPTANCE 

a. Acceptance inspections of the entire turfed area shall be performed by 
the Contracting Officer's Representative by random sampling and 
supplemented by visual inspections.  

b. Bare areas with diameters larger than 24 inches are to be considered 
unacceptable. This measurement supersedes the first criteria for 
vegetative acceptance. These areas shall be noted for repairs. If 
inspection determines that turf establishment is not complete, the 
Contractor shall meet with the Contracting Officer's Representative at 
the job site to identify bare spots, eroded areas and rutting damage 
and to discuss the Contractor's plan of operation for completing new 
turf establishment.  

c. Prior to acceptance of turfed areas by the Contracting Officer's 
Representative, the Contractor shall restore any damaged areas 
resulting from the Contractor's operations or by natural forces at no 
additional cost to the Owner. Partial reaches will not be accepted 
unless determined by the Contracting Officer's Representative to be in 
the best interest of the Owner. 

9. INITIAL SEEDING AND FERTILIZING ACCEPTANCE 

a. Provided all other features of work have been accepted and completed 
and provided all work within the project limits have had initial seed, 
mulch, and fertilizer accepted, no liquidated damages will be assessed 
after acceptable completion of initial seeding, mulching and 
fertilization. The remainder of turf establishment requirements remain 
in force. 
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10. Damage to Established Seeding Area  

a. The Contractor shall be fully responsible for any damage to the 
establishment areas caused by his/her operations. Areas that become 
damaged as a result of poor workmanship or failure to meet the 
requirements of the specifications will be ordered repaired and 
reseeded to specification requirements, without any additional cost to 
the Owner 

11. SODDING 

a. Lay sod within 24 hours of harvesting unless a suitable preservation 
method is accepted by the RPR prior to delivery time. Do not lay sod if 
dormant or if ground is frozen or muddy. 

b. Lay sod to form a solid mass with tightly fitted joints. Butt ends and 
sides of sod; do not stretch or overlap. Stagger sod strips or pads to 
offset joints in adjacent courses. Avoid damage to soil or sod during 
installation. Tamp and roll lightly to ensure contact with soil, eliminate 
air pockets, and form a smooth surface. Work sifted soil or fine sand 
into minor cracks between pieces of sod; remove excess to avoid 
smothering sod and adjacent grass. 

c. Saturate sod with fine water spray within two hours of planting. During 
first week after planting, water daily or more frequently as necessary to 
maintain moist soil to a minimum depth of 1-1/2 inches below sod. 

12. TURF RENOVATION 

a. Renovate existing turf where indicated. 

b. Renovate turf damaged by Contractor's operations, such as storage of 
materials or equipment and movement of vehicles. 

1. Reestablish turf where settlement or washouts occur or where 
minor regrading is required. 

2. Install new planting soil as required. 

c. Remove sod and vegetation from diseased or unsatisfactory turf areas; 
do not bury in soil. 

d. Remove topsoil containing foreign materials, such as oil drippings, fuel 
spills, stones, gravel, and other construction materials resulting from 
Contractor's operations, and replace with new planting soil. 

e. Mow, dethatch, core aerate, and rake existing turf. 

f. Remove weeds before seeding. Where weeds are extensive, apply 
selective herbicides as required. Do not use pre-emergence 
herbicides. 

g. Remove waste and foreign materials, including weeds, soil cores, 
grass, vegetation, and turf, and legally dispose of them off Owner's 
property. 
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h. Till stripped, bare, and compacted areas thoroughly to a soil depth of 2 
inches. 

13. TURF MAINTENANCE 

a. General: Maintain and establish turf by watering, fertilizing, weeding, 
mowing, trimming, replanting, and performing other operations as 
required to establish healthy, viable turf. Roll, regrade, and replant 
bare or eroded areas and remulch to produce a uniformly smooth turf. 
Provide materials and installation the same as those used in the 
original installation. 

b. Fill in as necessary soil subsidence that may occur because of settling 
or other processes. Replace materials and turf damaged or lost in 
areas of subsidence. 

c. In areas where mulch has been disturbed by wind or maintenance 
operations, add new mulch and anchor as required to prevent 
displacement. 

d. Apply treatments as required to keep turf and soil free of pests and 
pathogens or disease. Use integrated pest management practices 
whenever possible to minimize the use of pesticides and reduce 
hazards. 

14. SATISFACTORY SODDED TURF 

a. Turf installations shall meet the following criteria as determined by 
RPR: 

1. Satisfactory Sodded Turf: At end of maintenance period, a healthy, 
well-rooted, even-colored, viable turf has been established, free of 
weeds, open joints, bare areas, and surface irregularities. 

C. MEADOW 

1. At least 14 calendar days prior to initiating wildflower meadow planting the 
Contractor shall submit a Wildflower Meadow Establishment Plan for 
review and approval. The plan shall include recommendations for soil 
amendment application based upon soil testing results by a certified 
agronomist or soil scientist for each section to be placed in wildflowers. In 
addition to the soil amendment plan, the Meadow Establishment Plan shall 
describe procedures and specific equipment used for ground surface 
preparation, seeding, and maintenance. 

a. Sow seed with spreader or seeding machine. Do not broadcast or drop 
seed when wind velocity exceeds 5 mph. 

1. Before sowing, mix seed with seed carrier at a ratio of not less than 
two parts seed carrier to one-part seed. 

2. Evenly distribute seed by sowing equal quantities in two directions 
at right angles to each other. 
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2. Do not use wet seed or seed that is moldy or otherwise damaged. 

3. Sow seed at a total rate of 6 oz./1000 sq. ft. 

a. Brush seed into top 1/16 inch of soil, roll lightly, and water with fine 
spray. 

b. Straw mulch shall be air-dry, clean, mildew and seed free, salt hay or 
threshed straw of wheat, rye, oats, or barley.  Fiber mulch shall be 
bidegradable, dyed wood, cellulose fiber mulch; non toxic and free of 
plant growth or germination inhibiters; with a maximum moisture 
content of 15% and a pH range of 4.5 to 6.5. Nonasphaltic tackifier 
shall be a colodial tackifier recomended by fiber mulch manufacturer 
for slurry application; nontoxic and free of plant growth or gemination 
inhibitors. 

c. Water newly planted areas and keep moist until meadow is 
established. 

d. Post-Plant Fertilizer 

1. Fertilizer for meadows shall be approved by the RPR. 

2. Fertilizers containing petrochemical additives or that have been 
treated with pesticides or herbicides are not permitted 

e. Granular Fertilizer 

1. Organic, granular controlled release fertilizer containing the 
minimum percentages of plant food nutrients based on soil testing 

4. Planting time for meadow wildflowers 

a. Spring: January 15 – March 1 

b. Fall: Oct 1 – Dec 1 

5. MEADOW MAINTENANCE 

a. Submit Meadow Establishment Plan for planting materials include 
instructions indicating procedures during one typical year including 
variations of maintenance for climatic conditions throughout the year.  
Provide instructions and procedures for watering; promotion of growth, 
including fertilizing, and mowing; and integrated pest management.   
Meadow Establishment Plan shall include pictures of planting materials 
cross referenced to botanical and common names, with a description 
of the normal appearance in each season. 

b. Maintain and establish meadow by watering, weeding, mowing, 
trimming, replanting, and performing other operations as required to 
establish a healthy, viable meadow. Roll, regrade, and replant bare or 
eroded areas and remulch. Provide materials and installation the same 
as those used in the original installation. 
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1. Fill in as necessary soil subsidence that may occur because of 
settling or other processes. Replace materials and meadow 
damaged or lost in areas of subsidence. 

2. In areas where mulch has been disturbed by wind or maintenance 
operations, add new mulch and anchor as required to prevent 
displacement. 

3. Apply treatments as required to keep meadow and soil free of pests 
and pathogens or disease. Use integrated pest management 
practices whenever possible to minimize the use of pesticides and 
reduce hazards. 

4. The Contractor shall police all meadow areas.  Policing includes 
removal of dead vegetation or other debris.  Collected debris shall 
be promptly removed and disposed of at an approved disposal site. 

c. Watering:  

1. Water meadow with fine spray at a minimum rate of 1/2 inch per 
week for six weeks after planting unless rainfall precipitation is 
adequate. 

d. MOWING 

1. Mow meadow growth according to the Meadow Establishment 
Plan. Mowing is only required in the first growing season as it 
allows for increased light to reach developing seedlings and for 
the control of annual and biennial weeds. 

e. WEEDING 

1. Keep meadow areas free of weeds and turf grass until final 
acceptance. 

6. PESTICIDE APPLICATION 

a. Pesticides and herbicides are not permitted in meadow plantings.  Use 
black sheet polyethylene conforming to ASTM D2103, minimum 
thickness 5/32 inch. Submit an Integrated Pest Management Plan, 
including proposed alternatives to herbicides and pesticides.  Use 
biological pest controls as approved by the RPR. 

7. SATISFACTORY MEADOW 

a. A healthy, uniform close stand of established, living free of surface 
irregularities. A vegetative stand of at least 75% of native meadow 
grasses and forbs shall be present in all seeded areas at the time of 
one (1) year from seeding continuing to the end of the meadow 
establishment period. 
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D. CLEANUP AND PROTECTION 

1. Promptly remove soil and debris created by turf work from paved areas. 
Clean wheels of vehicles before leaving site to avoid tracking soil onto 
roads, walks, or other paved areas. 

2. Remove surplus soil and waste material, including excess subsoil, 
unsuitable soil, trash, and debris, and legally dispose of them off Owner's 
property. 

3. Erect temporary fencing or barricades and warning signs as required to 
protect newly planted areas from traffic. Maintain fencing and barricades 
throughout initial maintenance period and remove after plantings are 
established. 

4. Remove nondegradable erosion-control measures after grass 
establishment period. 

E. MAINTENANCE SERVICE 

1. Turf Maintenance: Provide full maintenance by skilled employees of 
landscape Installer. Begin maintenance immediately after each area is 
planted and continue until acceptable turf is established, but for not less 
than the following periods: 

a. Seeded Turf: 60 days from date of Final Completion. 

i. When initial maintenance period has not elapsed before end of 
planting season, or if turf is not fully established, continue 
maintenance during next planting season. 

b. Sodded Turf: 30 days from date of Final Completion. 

c. Meadow Maintenance: Provide full maintenance by skilled employees 
of landscape Installer. Maintain as required in "Meadow Establishment 
Plan. Begin maintenance immediately after each area is planted and 
continue until acceptable meadow is established, but for not less than 
maintenance period below. 

i. Maintenance Period: 1 year from date of Final Acceptance.  

 

END OF SECTION 

 

 

 

 

 



WHCRWA 

CENTRAL PUMP STATION                              HYDROSTATIC TESTING OF PIPELINES  

WHCRWA CENTRAL PUMP STATION 

HYDROSTATIC TESTING OF PIPELINES 

33 05 05 - 1 OF 4 

SECTION 33 05 05 

HYDROSTATIC TESTING OF PIPELINES 

PART 1    - GENERAL 

1.1 SECTION INCLUDES 

A. Field hydrostatic testing of newly installed water pipelines. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Prices: 

1. No payment will be made for hydrostatic testing of pipelines under this 
Section.  Include cost in unit price of pipelines being tested. 

2. Refer to Section 01 29 02 - Measurement and Payment for unit price 
procedures. 

B. Stipulated Price (Lump Sum):  If Contract is Stipulated Price Contract, 
payment for work in this Section is included in total Stipulated Price. 

PART 2    - PRODUCTS  -  Not Used 

PART 3    - EXECUTION 

3.1 PREPARATION 

A. Disinfect water system pipelines prior to hydrostatic testing. 

B. After pipe has been laid and backfilled, except prior to replacement of 
pavement, newly installed pipe shall be subjected to hydrostatic testing 
described herein. 

C. Hydrostatically test newly installed water pipelines after disinfection, when 
required, and before connecting to Authority water distribution system. 

D. Water for testing will be charged to Contractor in accordance with Authority 
Ordinances.  Prior to hydrostatic testing, obtain a transient meter from the 
Authority.  Deposit is required for transient meter. 

E. Test small diameter pipelines in lengths between valves or plugs of not more 
than 1,500 feet.  Test large diameter pipelines in lengths between valves or 
plugs of not more than 4,400 feet. Sections containing more than two valves or 
plugs will not be accepted except where valves are located on each branch of 
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a TEE, test TEE with adjacent section of water line.  Sequence testing to 
ensure every valve has been hydrostatically tested. 

F. Conduct hydrostatic tests in presence of Project Manager.  When testing a 
section of pipe between valves, applying hydrostatic pressure to the opposite 
side of an isolation valve is not allowed, unless otherwise approved by Project 
Manager. 

3.2 TEST PROCEDURES 

A. Fill each valved section of pipe slowly with water and apply specified test 
pressure, measured at point of highest elevation, by means of pump 
connected to pipe.  

B. Furnish, install, and operate connections, pump, meter and gages necessary 
for hydrostatic testing. 

C. Allow pipeline to sit minimum of 24 hours from time it is initially disinfected until 
testing begins, to allow pipe wall or lining material to absorb water.  Periods of 
up to 7 days may be required for mortar lining to become saturated. 

D. Expelling air before test: 

Before applying specified test pressure, expel air from pipe.  To accomplish 
this, make taps in pipe, if necessary, at points of highest elevation.  On 
completion of tests, taps are to be tightly plugged with brass fittings. 

E. For small diameter pipelines, expel air and apply minimum test pressure of 
125 psi.  For large diameter water lines, expel air and apply minimum test 
pressure of 150 psi. 

F. Begin test by 9:00 a.m. unless otherwise approved by Project Manager.  
Maintain test pressure for 8 hours.  When large quantity of water is required to 
maintain pressure during test, discontinue testing until cause of water loss is 
identified and corrected. 

G. Duration of Pressure Test: 

1. Exposed joints are to be tested for not less than 2 hours with no 
allowable leakage. 

2. Covered joints to be tested for a minimum of 6 hours with no allowable 
leakage. 

3. Durations may vary based on information shown on Plans or as called 
for by the Project Manager and Engineer. 



WHCRWA 

CENTRAL PUMP STATION                              HYDROSTATIC TESTING OF PIPELINES  

WHCRWA CENTRAL PUMP STATION 

HYDROSTATIC TESTING OF PIPELINES 

33 05 05 - 3 OF 4 

H. Keep valves inside pressure reducing stations closed during hydrostatic 
pressure test.  When testing a section of pipe between valves, applying 
hydrostatic pressure to the opposite side of an isolation valve is not allowed, 
unless otherwise approved by Project Manager, 

3.3 ALLOWABLE LEAKAGE FOR WATERLINES 

A. During hydrostatic tests, no leakage will be allowed for sections of water lines 
consisting of welded joints. 

B. Maximum allowable leakage: 

1. Water lines with non-welder joints: 3.19 gallons per inch nominal 
diameter per mile of pipe per 24 hours while testing.  Welded and 
flanged joints shall not be included in measurement of pipe length for 
determining allowable leakage.  For pipe sections that are welder or 
flanged on one side only, included half of the pipe section in the total 
length if pipe for allowable length. 

2. Water lines with welded and flanged joints only: zero allowable leakage. 

3. No leakage is allowed through any valve. 

C. For meter run installation, when work cannot be isolated and line fails pressure 
test, visual inspection of work by Project Manager for leakage during pressure 
test may be used to fulfill requirements of this section. 

3.4 CORRECTION FOR FAILED TESTS 

A. Upon discovering a leak during the hydrostatic test, identify location of pipe 
leak.  Determine magnitude and extent of impact to surrounding soil.  Based 
on this information, Project Manager may require additional removal and 
replacement of surrounding pavement with no separate pavement. 

B. Repair joints showing visible leaks on surface regardless of total leakage 
shown on test.  Check valves and fittings to ensure that no leakage occurs that 
could affect or invalidate test.  Remove cracked or defective pipes, fittings, and 
valves discovered during pressure test and replace with new items. 

C. Project Manager may require failed lines to be disinfected after repair and prior 
to retesting.  Conduct and pay for subsequent disinfection operations in 
accordance with requirements of Section 33 05 06 - Disinfection of Water 
Lines.  Pay for water required for additional disinfection and retesting. 

D. Repeat test until satisfactory results are obtained. 
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3.5 DECHLORINATION OF WATER 

A. Dechlorination operations are to be carried out in accordance with 
requirements of Section 33 05 07 – “Dechlorination Activities.” 

3.6 COMPLETION 

A. Upon satisfactory completion of testing, remove risers remaining from 
disinfection and hydrostatic testing, and backfill excavation promptly. 

END OF SECTION 
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SECTION 33 05 06 

DISINFECTION OF WATER LINES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Procuring disinfection and de-chlorination agents, including handling, 
transporting, and proper storing of chemicals. 

2. Installing all necessary piping, fittings, plugs, and other items needed to 
facilitate disinfection of new water lines, including identifying water source. 

3. Providing assistance to Owner’s personnel to disinfect of new potable 
water lines. 

4. Specification identifies requirements for both small diameter water lines 
(less than or equal to 20 inches) and large diameter water lines (greater 
than 20 inches). 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price. No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 ADJUSTMENT PAYMENT FOR RETESTING 

A. Subsequent disinfection operations which may be necessary due to 
nonconforming or incomplete construction will be charged to Contractor. 
Charges will be deducted from retainage amounts when construction 
estimates are processed for final payment. 
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B. Total charge will consist of base charge of $135.00 plus footage charge 
based on number of feet of specified diameter pipe in construction project. 
Footage charge is as follows: 

 

Size of Pipe Charge per Linear 
Foot 

2 inch to 4 inch $0.03 
6 inch $0.04 
8 inch $0.05 

10 inch to 12 inch $0.07 
16 inch to 20 inch $0.09 
24 inch to 30 inch 

 
$0.13 

32 inch to 48 inch $0.16 
54 inch $0.20 
60 inch $0.22 
66 inch $0.31 

72 inch to 84 inch $0.40 
90 inch to 96 inch $0.58 

108 inch $0.75 
120 inch or larger $1.00 

 

C. Payment for retesting will apply only to pipeline segments installed under this 
Contract. 

D. Stipulated Price (Lump Sum). If Contract is Stipulated Price Contract, 
payment for work in this Section is included in total Stipulated Price. 

1.4 REFERENCES 

A. AWWA C651, Standard for Disinfecting Water Mains. 

B. CFR, Title 29, Section 1910.120, Occupation Safety and Health Administration, 
Department of Labor. 

C. CFR, Title 29, Section 1926, Occupational Safety and Health Administration, 
Department of Labor. 

D. TAC, Title 30, Chapter 334, Underground and Aboveground Storage Tanks. 

E. International Fire Code (IFC) with adoptive amendments. 

1.5 SUBMITTALS 

A. For small diameter water lines, conform to requirements of Section 01 33 00 – 
Submittals. 
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B. . For large diameter water line, submit “Request for Disinfection and Placement 
in Service” and submit a request for coordination meeting with DWO in 
accordance with Section 01 33 00 – Submittals 30 days in advance of 
disinfection.:. 

1.6 CANCELLATION 

A. Contractor or Owner may cancel a scheduled disinfection appointment at no 
additional cost or payment to Contractor.   

PART 2 - PRODUCTS 

2.1 CHEMICALS 

A. Chlorination Chemicals: 

1. Liquid bleach: 12.5% sodium hypochlorite solution in potable water supplied 
in intermediate bulk container (IBC) totes.  Liquid bleach solution shall be 
free of other additives and components. 

2. Procure liquid bleach a maximum of two weeks prior to use. 

3. Protect liquid bleach from exposure to sunlight and excessive heat. 

B. De-Chlorination Chemicals (Large diameter water lines): 

1. Calcium thiosulfate aqueous solution: 

a. 30% min w/v calcium thiosulfate  

b. pH 6.5 – 8.0 % (full strength) 

c. Crystallization temperature 24°F – 28°F 

d. Manufacture in compliance with NSF 60  

C. Chemical Transfer Pumps (Large diameter water lines): 

1. Pacer self-priming Ag chemical/water pump, Model Number SEB2PL E4C 
(Northern Tool and Equipment Item Number 109607), or approved equal 

a. 900 GPH 

b. 2 IN ports 

c. 127cc Briggs & Stratton 550 series OHV engine. 

d. EPDM-fitted stainless steel shaft seal with carbon-ceramic faces. 

PART 3 - EXECUTION 

3.1 CONDUCTING DISINFECTION 

A. Promptly disinfect water lines when directed and before water lines are 
connected to Owner’s water distribution or transmission systems, unless 
otherwise approved by the Owner. 

B. Water for disinfection and flushing will be furnished by Owner without charge. 

C. For large diameter water lines: 
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1. Contractor shall procure disinfection agent and de-chlorination chemicals, 
transport, prepare new water line with necessary piping for injection and 
flushing, including blow offs, and all necessary temporary facilities to 
facilitate disinfection and flushing operations. 

3.2 CONTRACTOR’S RESPONSIBILITY FOR LARGE DIAMETER WATER LINES 

A. Comply with all applicable codes for transportation of chemical agents used 
under this Section. This includes complying with latest International Fire Code 
(IFC), with adoptive amendments, adopted by the Owner for operational permit.  
Provide trained personnel who have completed minimum health and safety 
programs specified by the Occupational Safety and Health Administration in 29 
CFR 1910.120. 

B. Maintain and operate temporary facilities and system to assure continuous 
disinfection services. 

C. Coordinate all disinfection and de-chlorination activities and schedules with 
Owner. 

3.3 PREPARATION 

A. Provide temporary blind flanges, cast-iron sleeves, plugs, necessary service 
taps, copper service leads, risers and jumpers of sizes, location and materials, 
and other items needed to facilitate disinfection of new water lines prior to 
connection to Owner’s water distribution system. Normally, each valved section 
of water line requires two each 3/4-inch taps. A 2-inch minimum blow-off is 
required for water lines up to and including 6-inch diameter.  For large 
diameter water lines, install a 3-inch to 6-inch blow-off, with 2-inch gate valve 
and female threaded outlet at grade for chlorine injection. 

B. Use fire hydrants as blow-offs to flush newly constructed water lines 8 inch 
diameters and above.  Where fire hydrants are not available on water lines, 
install temporary blow-off valves as approved by Owner and remove promptly 
upon successful completion of disinfection and testing. 

C. Slowly fill each section of pipe with water in manner approved by Owner. 
Open flushing hydrants at AI/VR locations and blow offs prior to filling.  
Average water velocity when filling pipeline shall not exceed one foot per 
second.  Allowable filling flow rate may be significantly less based on source 
water supply constraints.   Before beginning disinfection operations, expel air 
from pipeline.  Coordinate with Owner. 

D. Backfill excavations immediately after installation of risers or blow-offs. 

E. Install blow-off valves at end of water line to facilitate flushing of dead-end 
water lines. Install permanent blow-off valves according to drawings. 
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F. Install flexible quick connect hoses from blow-off and flushing hydrant 
locations to approved water discharge locations to properly direct and dispose 
of flushing water. Utilize rigid piping when needed to stay within the Owner’s 
property boundary.  Provide thrust control measures and bracing of the piping 
as needed.  Provide erosion control measures when discharging to open 
channels and other erodible surfaces. 

G. Provide appropriate personal protective equipment (PPE) for work with 
chlorination and de-chlorination chemicals. 

3.4 FLUSING WATER LINES 

A. De-chlorinate flushing water prior to discharging into drainage systems.  
Follow local, state and federal procedures for allowable chlorine concentration.  
Assist during de-chlorination operations. 

B. Properly dispose of empty de-chlorination chemical containers and any 
unused de-chlorination chemicals which have been mixed with water, or which 
are no longer in original manufacturer containers. 

C. Monitor flushing water discharge locations to prevent overflow of drainage 
facilities and prevent erosion.  Reduce flow rate of flushing water as needed to 
comply. 

3.5 BACTERIOLOGICAL TESTING 

A. After disinfection and flushing of water lines, bacteriological tests will be 
performed by a testing laboratory in accordance with Section 01 45 24 – 
Testing Laboratory Services. When test results indicate need for additional 
disinfection of water lines based upon Texas Department of Health 
requirements, assist Owner with additional disinfection operations at no 
separate pay. 

3.6 COMPLETION 

A. Upon completion of disinfection, testing, and flushing, remove risers and all 
temporary appurtenances associated with disinfection and flushing, except 
those approved for use in subsequent hydrostatic testing, and backfill 
excavation promptly. 

1. Cap outlets directly at the water line.  Do not leave any portion of the riser 
extending from the water line where it will be buried. 

2. Show blow-off outlet locations on as-built drawings, and note type of cap 
used. 

END OF SECTION  
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SECTION 33 05 07 

DECHLORINATION ACTIVITIES 

PART 1 GENERAL 

1.01 SUMMARY 

This Section includes furnishing and performing of all operations in connection 
with dechlorination of waters released from water lines, water receiving 
facilities, and groundwater treatment plants. 

1.02 MEASUREMENT AND PAYMENT 

A. No separate payment for work performed under this Section. Include cost of 
same in Contract price bid for work of which this is a component part. 

B. Refer to Section 01 29 02 – “Measurement and Payment” for unit price 
procedures. 

1.03 REFERENCES 

This specification references the following publications in their current editions.  
The publications listed below form a part of this specification to the extent 
referenced.  The publications are referred to in the text by basic designation 
only. 

A. AWWA C651:  Standard for Disinfecting Water Mains 

B. AWWA C655:  Standard for Field Dechlorination 

C. National Sanitation Foundation International (NSF) 

D. NSF/ANSI 61:  Standards for Drinking Water Systems Components 

E. Texas Commission on Environmental Quality (TCEQ) 

1. 30 TAC 290 Subchapter D:  Rules and Regulations for Public Water 
Systems 

2. 30 TAC Chapter 290 Subchapter F:  Drinking Water Standards 
Governing Drinking Water Quality and Reporting Requirements for 
Public Water Systems 

1.04 SUBMITTALS 

Submit the following under the provisions of Section 01 33 00 – “Submittals:” 
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A. Dechlorination Plan: 

Contractor shall submit a plan detailing the methods and equipment to be used 
in the addition of dechlorination chemicals to points where discharge of 
chlorinated water occurs, when needed based on chlorine residuals.  This plan 
shall contain the following information: 

1. Methods of adding dechlorination chemicals at points where discharge 
of chlorinated water occurs.  These locations shall be identified in the 
dechlorination plan.  The methodology listed in the plan will include the 
following: 

a. Expected water flow at each discharge location where 
application of dechlorination chemicals is anticipated.  

b. Expected quantity, form and type of chemicals needed at each 
location 

c. Equipment necessary for application of chemicals at each 
location  

2. Methods of testing for free chlorine residual at each of the locations 
(See paragraph 3.01.E) and meeting the requirements of AWWA 651, 
AWWA 655, and TCEQ guidelines (30 TAC 290 Subchapter D and 30 
TAC Chapter 290 Subchapter F). 

3. Frequency of sampling activities to ensure proper dechlorination and 
precautions to prevent overuse of chemicals 

4. Technical data for equipment to be used during the addition of 
dechlorination chemicals 

1.05 RELATED REQUIREMENTS 

A. Section 01 33 00 – “Submittals” 

B. Section 01 29 02 – “Measurement and Payment” 

C. Section 33 05 06 – “Disinfection of Water Lines” 

D. Section 33 05 05 – “Hydrostatic Testing of Water Lines” 

E. Section 01 75 00 – “Facility Start Up” 

1.06 QUALITY ASSURANCE 

A. Singular Responsibility:   
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1. The Contractor is responsible for developing the approach, designing 
the dechlorination systems, selecting equipment, implementing the 
approach, monitoring the activity, and all other services and equipment 
necessary to perform the work and accomplish the stated goals. 

2. The Contractor is responsible for dechlorinating the water released 
during cleaning and flushing, disinfection, hydrostatic testing, and start-
up operations. 

1.07 – 1.13  NOT USED 

PART 2 PRODUCTS 

2.01 MANUFACTURER(S) (NOT USED) 

2.02 MATERIALS 

Materials and equipment used in the dechlorination activities shall comply with 
the requirements of NSF/ANSI 61, AWWA 651, AWWA 655, and all other 
county, state and federal regulations for potable water systems, as applicable. 
If the material does not meet the chemical, physical, safety, or security 
requirements of these standards, the Contractor will be notified promptly after 
observing the noncompliance, and all activities will cease until compliance is 
achieved. 

2.03 METHODS FOR TESTING FOR CHLORINE RESIDUAL 

A. Methods used for field testing of free chlorine residual shall meet the minimum 
requirements of AWWA C651 and C655. The following methods meet these 
standards and are acceptable to the Owner: 

1. Test Strips with a resolution sufficient to determine residual 
concentration at the specified limit: 

2. Orthotolidine Indicator Kit 

3. Field Colorimetric Test Kits 

4. DPD Titration Method 

B. The initial chlorine residual test will be taken at a location before the water is 
discharged from the piping and before the point where dechlorination 
chemicals are added. 

C. The second chlorine residual test taken to verify the dechlorination effort will 
be taken at a distance away from the injection point that accounts for a 
detention time of 20 seconds for the given flow and pipe/swale size. 

2.04 DECHLORINATION METHODS/EQUIPMENT 
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A. Dechlorination will occur at all locations where water is being released and 
discharged into the storm water drainage systems.     

B. While dechlorination chemicals are present at a location, the Contractor will 
have someone on-site to guarantee security of the equipment and chemicals. 

C. Equipment chosen by the Contractor must be adequate to meet the varying 
conditions experienced during the start-up and commissioning, due the 
variances in flow, chlorine residuals, methods of application, and locations 
where equipment is to be used. 

D. The four general methods of dechlorination approved by AWWA C655 are: 

1. Vacuum-induced (chemicals are drawn directly into the flow by means 
of a vacuum).  These devices must be provided with a means to 
monitor and control the amount of dechlorination solution entering the 
main flow of discharge water. 

2. Passive devices that require the flow of water to make direct contact 
with the dechlorination chemical.  This type of device normally uses 
some type of dry or tablet dechlorination chemical. 

3. Devices that drip dechlorination chemicals into the discharge water 
flow. These devices must be provided with a means to monitor and 
control the amount of dechlorination solution entering the main flow of 
discharge water. 

4. Injection pumps used to add dechlorination chemicals into the main flow 
of discharge water.  Contractor is responsible for supplying the source 
of power for operating the pumps. 

E. Manufactured Equipment 

When using manufactured equipment, the Contractor must use the 
dechlorination tables provided by the manufacturer of the equipment to 
determine what chemicals should be used and the required amount of 
dechlorination chemical.   

F. User-Built Equipment 

If the Contractor is using equipment they have developed or produced, the 
Contractor shall provide certification that this equipment meets the 
requirements of this Section and all applicable standards.  In lieu or 
certification, the equipment can be field tested before actual use. 

PART 3 EXECUTION 

3.01 DECHLORINATION DURING DISINFECTION, FLUSHING, START-UP 
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OPERATIONS AND REPAIRS 

A. Prior to work beginning, a preliminary meeting will be held with the Project 
Manager to discuss various items relating to dechlorination activity. 

B. The Contractor shall discharge highly chlorinated water and fill with water 
having a chlorine residual that is less than 4.0 mg/l. 

C. Locations where water is discharged: 

1. Along with the identification of where the water will be released, the 
Contractor shall log and provide the following information for each 
location: 

a. Discharge flow rate (gpm) 

b. Quantity of water released (gallons) 

c. Duration of release (hours) 

d. Discharge pressure (psi) 

D. The Owner may choose to phase the work and sequentially discharge water 
from one or more locations over a longer period of time.   

E. Flushing and dechlorination activities may occur for 16 hours per day when 
directed by the Owner. 

F. To meet the dechlorination needs for these activities, the Contractor will be 
responsible for the following at each discharge location: 

1. Mobilizing dechlorination equipment sized to handle the anticipated 
flows and residuals, 

2. Providing sufficient quantities of dechlorination chemicals to 
dechlorinate waters released to the storm water system,  

3. Providing sufficient manpower to operate all dechlorination equipment 
and perform chlorine residual testing of waters released from the 
system, and  

4. Testing the free chlorine residuals of all water flushed using the 
methods covered in paragraph 2.03 of this Section.   

a. Testing will occur, at a minimum, every one-half hour while 
waters are being released.  The Contractor shall increase 
sampling times as necessary to ensure that all water is 
dechlorinated sufficiently. 
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b. Testing will occur at the point of release and at the point where a 
twenty (20) second detention time has occurred). 

G. Dechlorination of flushed water will meet the following requirements. 

1. All water discharging with a residual greater than 0.5 mg/L must be 
dechlorinated by the Contractor until the maximum chlorine residual 
concentration is reduced to less than 0.5 mg/L but greater than 0.1 
mg/L. Dechlorination of water discharged from the WDSS must be 
continued until the flow is stopped or chlorine levels in the discharged 
water drop below 0.5 mg/L and above 0.1 mg/L. 

2. When directed by the Owner, Contractor will be responsible for 
removing all dechlorination equipment and chemicals from the site. 

3.02 – 3.10  NOT USED 

END OF SECTION 
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SECTION 33 05 15 

PRECAST CONCRETE UTILITY STRUCTURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Precast concrete utility structures, non-circular in plan, and appurtenant 
items. 

a. Valve and meter vaults. 

b. Design and fabrication of precast concrete utility structures. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 03 21 00 - Reinforcement. 

4. Section 03 31 30 - Concrete, Materials and Proportioning. 

5. Section 03 31 31 - Concrete Mixing, Placing, Jointing, and Curing. 

6. Section 08 31 00 - Access Doors. 

7. Section 31 23 00 - Earthwork. 

8. Section 33 05 16 - Precast Concrete Manhole Structures.  

1.2 MEASUREMENT AND PAYMENT 

A. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Association of State Highway and Transportation Officials 
(AASHTO). 

2. ASTM International (ASTM): 

a. A48, Standard Specification for Gray Iron Castings. 

b. A536, Standard Specification for Ductile Iron Castings. 

c. C857, Standard Practice for Minimum Design Loading for Underground 
Precast Concrete Utility Structures.  

d. C858, Standard Specification for Underground Precast Concrete Utility 
Structures. 
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e. C890, Standard Practice for Minimum Structural Design Loading for 
Monolithic or Sectional Precast Concrete Water and Wastewater 
Structures. 

f. C891, Standard Practice for Installation of Underground Precast 
Concrete Utility Structures  

g. C923, Standard Specification for Joints for Concrete Pipe, Manholes, 
and Precast Box Sections Using Preformed Flexible Joint Sealants. 

h. C990, Standard Specification for Joints for Concrete Pipe, Manholes, 
and Precast Box Sections Using Preformed Flexible Joint Sealants. 

i. C1619, Standard Specification for Elastomeric Seals for Joining 
Concrete Structures. 

j. D1227, Standard Specification for Emulsified Asphalt Used as a 
Protective Coating for Roofing. 

k. D4586, Standard Specification for Asphalt Roof Cement, Asbestos-Free. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

3. Concrete mix design(s): 

a. Include submittal information defined in Specification Section 03 31 30. 

b. Certification in accordance with ASTM C858, Section 12. 

4. Fabrication and/or layout drawings: 

a. Include detailed diagrams of manholes showing typical components and 
dimensions, reinforcements and other details. 

b. Itemize, on separate schedule, sectional breakdown of each manhole 
structure with all components and refer to drawing identification number 
or notation. 

c. Indicate knockout elevations for all piping entering each manhole. 
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5. Drawings and calculations:  All Drawings, including layout drawings, 
certifications and calculations shall be sealed by a Professional Engineer 
registered in the state where the project is located: 

a. Codes and standards. 

b. Soil load. 

c. Exterior groundwater load. 

d. Live loads. 

e. Other loads. 

6. Test Reports: 

a. Copies of source quality control tests, including compressive strength 
and air content, for units provided. 

1.5 SITE CONDITIONS 

A. Design groundwater elevation for precast structure design shall be the 100-year 
flood elevation shown on the Contract Documents. 

1. If the 100-year flood elevation is not shown on the Contract Documents, the 
design groundwater elevation shall be equal to the ground surface elevation 
at the structure. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Conform to requirements of Specification Section 08 31 00. 

B. Manhole rings, covers and frames: 

1. Conform to requirements of Specification Section 33 05 16 for nonpressure 
type frames. 

2. Neenah Foundry. 

3. Deeter Foundry.  

4. Clay and Bailey. 

C. Manhole Steps: 

1. M.  A.  Industries. 

2. Neenah Foundry. 

3. Deeter Foundry. 
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D. Black Plastic Joint Compound: 

1. Kalktite 340. 

2. Tufflex. 

3. Plastico. 

E. Premolded Joint Sealant: 

1. NPC Bidco, Inc., C-56. 

2. Ram-Nek, Henry Co. 

3. EZ-Stik, Press-Seal Gasket Corp. 

4. CS-102, Conseal. 

F. External joint wrap. 

1. NPC, Bidco, Inc. 

2. EZ-Wrap, Press-Seal Gasket Corp. 

3. RUBR-Nek, Henry Co. 

G. Emulsified fibrated asphalt compound: 

1. Sonneborn Hydrocide 700B Semi-Mastic. 

H. Submit requests for substitution in accordance with Specification Section 01 25 
13. 

2.2 PRECAST UTILITY STRUCTURE COMPONENTS 

A. Provide utility structures with interior dimensions as shown on the Drawings. 

B. Provide the following components for each utility structure: 

1. Precast base section with integral or cast in place base slab. 

2. Precast wall section(s). 

3. Precast flat top. 

a. Where reinforcement is shown for top slab, furnish slab with reinforcing 
as designed, but not less than reinforcing shown on Drawings. 

C. Provide openings and appurtenances as shown on Drawings. 

1. Access doors: 

a. Cast access doors into top slab. 

b. Where access door frames have drainage channels, cast PVC drain 
lines in top slab to drain location shown on Drawings.  If no drain location 
is shown, drain frames to outer edge of top slab. 

c. Protect doors and frames from damage during concrete placement and 
shipping. 
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d. See Specification Section 08 31 00. 

2. Manhole frames and covers: 

a. Furnish and install in accordance with Specification Section 33 05 16. 

b. Cast frames into top slab. 

3. Nonpressure Type Frames and Cover: 

a. Cast iron frame and covers:  ASTM A48, Class 35 (minimum). 

b. Ductile iron frame and covers:  ASTM A536. 

c. Use only cast [ductile] iron of best quality, free from imperfections and 
blow holes. 

d. Furnish frame and cover of heavy-duty construction a minimum total 
weight of 450 LBS. 

e. Machine all horizontal surfaces. 

f. Furnish unit with solid nonventilated lid with concealed pickholes. 

g. Letter covers "SEWER" for all collection system manholes, "DRAIN" for 
all gravity unit drains returning flow to the headworks, and "STORM" for 
storm sewer systems. 

h. Ensure minimum clear opening of 24 IN DIA. 

4. Pressure Type Frame and Cover: 

a. Provide covers meeting the requirements of the Nonpressure Type 
Frames and Cover paragraph above and as modified below. 

b. Furnish frame and bolted cover of heavy-duty construction. 

c. Equip unit with six (6) stainless steel countersunk 3/8 IN DIA by 1-1/2 IN 
long bolts with stainless steel washers. 

d. Provide solid lid and minimum 1/8 IN thick x 1/2 IN wide continuous strip 
neoprene gasket. 

e. Furnish unit with a minimum of six (6) anchorage holes and six (6) 6 IN 
long x 3/4 IN DIA stainless steel anchor bolts. 

5. Manhole Steps: 

a. Provide maximum distance from surface to first rung is not greater than 
16 IN and that maximum spacing on remaining steps is 16 IN OC. 

b. Safety tread. 

c. Copolymer polypropylene encapsulated 1/2 IN Grade 60 steel rod as 
manufactured by MA Industries, Inc., Peachtree City, GA. 

d. Minimum step width:  12 IN. 

e. Distance from face of wall to back of tread:  5-3/4 IN. 
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f. Embedment:  3-3/8 IN. 

g. Encapsulating material thickness:  MA Industries, Inc. 

D. Concrete: 

1. Conform to requirements of Specification Section [03 31 30]. 

2. Conform to requirements of ASTM C858, where stricter than Specification 
Section [03 31 30]. 

a. Minimum 28-day compressive strength 4500 PSI. 

b. All portions of precast utility structure are considered to be exposed to 
freeze-thaw cycles. 

E. Reinforcing Steel: 

1. Place reinforcing steel to conform to details shown on Drawings and as 
follows: 

a. Provide positive means for holding steel cages in place throughout 
production of concrete units. Maximum variation in reinforcement position 
is plus or minus 10 percent of wall thickness or plus or minus 1/2-inch, 
whichever is less. Regardless of variation, maintain minimum cover of 
concrete over reinforcement as shown on Drawings. 

b. Welding of reinforcing steel is not permitted unless noted on Drawings. 

F. Joints: 

1. Joints of precast riser and top sections: 

a. Black mastic compound:  ASTM D4586. 

b. Preformed flexible joint sealants:  ASTM C990. 

c. Elastomeric Seals:  ASTM C1619 to meet specified infiltration or 
exfiltration requirements. 

d. Exterior joint wrap. 

2. Pipe and conduit entry for utility structures. 

3. Resilient O-ring gaskets manufactured from natural or synthetic materials 
complying with ASTM C923, of suitable cross section and size to meet 
specified infiltration or exfiltration requirements in accordance with 
Specification Section 01 73 20. 

G. Mortar and Hydraulic Cement: 

1. Conform to requirements of Section 04 05 13 Masonry Mortar and Grout 

2. Vertical wall surfaces: 

a. Emulsified fibrated asphalt compound meeting ASTM D1227 Type I for 
all vertical wall exterior surfaces. 
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2.3 DESIGN 

A. General Design Requirements: 

1. Design precast units and appurtenances in accordance with ASTM C858.   

a. Notify Engineer and furnish cast-in-place structures if sizes of precast 
utility structures shown on Drawings can not be designed or fabricated. 

B. Design loads: 

1. Design precast units for all loads and load cases described in ASTM C857, 
with the following values and selections: 

a. Minimum uniform live load for exposed roof  slabs shall be [150] psf. 

b. Wheel loads shall be considered. 

1) Use wheel load designation [A-16 (HS20-44)] as shown in ASTM 
C857, Table 1. 

2) Wheel loads and uniform live load do not act concurrently. 

c. Unit weight of soil W shall be taken as no less than [100] LB/CU FT. 

d. Minimum lateral soil pressure coefficient (K0):  [0.50]. 

C. Specific Design Requirements: 

1. Out-of-plane shear: 

a. Out-of-plane shear shall be shown in the calculations. 

b. Wall thickness shall be determined based on meeting design 
requirements for out-of-plane shear resulting from soil and groundwater 
loads. 

c. Wall sections shall be designed as one-way spans between corners for 
calculation of out-of-plane shear.  Transfer of shear or bending load shall 
not be considered to be transferred across joints between precast units 
or between walls and slabs, unless unit as integrally cast together. 

d. Use of shear steel reinforcement to increase out-of-plane shear capacity 
shall be prohibited.  

2. The distribution of moments in adjacent walls of different lengths in 
rectangular structures shall be considered.   

3. Design precast units taking into account reduced cross section at openings 
and penetrations. 

4. Structure shall be checked for buoyancy.   

a. The minimum factor of safety for uplift with the design groundwater 
elevation shall be 1.25, unless a larger factor of safety is required by the 
local governing body or Building Code. 

b. The minimum factor of safety for uplift at the fully submerged condition 
shall be no less than [1.0] 
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c. If the buoyant weight of soil above base slab extensions beyond the 
external dimensions of the structure is used to resist uplift, the volume of 
soil considered to resist uplift shall be limited to soil within the vertical 
projection of the edge of the base slab extensions. 

PART 3 - EXECUTION 

3.1 PRECAST UTILITY STRUCTURE CONSTRUCTION 

A. General: 

1. Prepare subgrade for base as required by Specification Section 03 23 00. 

a. For precast base slabs, place and compact 6 IN of Granular Fill or 
Bedding Material as shown on Drawings. 

b. For cast-in-place concrete base slabs, support base section and prepare 
bottom joint with preformed strip-type hydrophilic waterstop in 
accordance with Specification Section [03 31 31]. 

c. Confirm that base is level and fully supported by stable material. 

2. For structures with open pipe flow, make inverts in accordance with Section 
33 05 16. 

3. Ensure accurate vertical placement and leveling prior to placement of 
interior grout. 

a. Provide vertical alignment tolerance of maximum 1 IN horizontal to 10 FT 
vertical. 

B. Build each structure to dimensions shown on plans and at such elevation that 
pipe sections built into wall of structure will be true line of pipe extensions. 

C. For all horizontal mating surfaces between precast concrete units, apply 
premolded flexible joint sealant to clean mating surfaces in accordance with 
sealant manufacturer’s written instructions.  Apply sufficient pressure to each 
concrete unit to seat unit in sealant. 

D. Seal all pipe penetrations in manhole. 

1. Where post-installed seals are permitted, form pipe openings smooth and 
well shaped. 

2. After installation, seal exterior of penetration with non-shrink grout. 

3. After grout cures, wire brush smooth and apply two coats emulsified fibrated 
asphalt compound to minimum wet thickness of 1/8 IN to ensure complete 
seal. 

E. Set top slab level to elevation shown on Drawings. 

3.2 FIELD QUALITY CONTROL 

A. Any proposed repairs of precast components or structures shall be submitted to 
Engineer for approval. 
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B. Structures shall be observed for signs of leakage during periods of high 
groundwater. 

C. No leakage that includes visible flow through joints between precast concrete 
sections or through pipe penetrations shall be permitted.  

D. Damp spots on interior wall surfaces shall be considered leakage and shall not 
be permitted.  
1. Damp spots shall be defined as spots where moisture from a source outside 

the structure can be picked up on a dry hand.  
2. Locate the source of water movement through the wall and permanently 

seal.  
E. Dampness on the top of the base slab will not be construed as leakage. 

END OF SECTION 
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SECTION 33 05 16 

PRECAST CONCRETE MANHOLE STRUCTURES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Precast concrete manhole structures and appurtenant items. 

a. Sanitary sewer manholes and appurtenances. 

b. Drain manholes and appurtenances. 

c. Storm sewer manholes and appurtenances. 

d. Pipeline appurtenance manholes. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 09 91 00 - Painting and Protective Coatings.  

1.2 MEASUREMENT AND PAYMENT 

A. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Association of State Highway and Transportation Officials 
(AASHTO). 

2. ASTM International (ASTM): 

a. A48, Standard Specification for Gray Iron Castings. 

b. A307, Standard Specification for Carbon Steel Bolts, Studs, and 
Threaded Rod 60,000 psi Tensile Strength. 

c. A536, Standard Specification for Ductile Iron Castings. 

d. A615, Standard Specification for Deformed and Plain Carbon-Steel Bars 
for Concrete Reinforcement. 

e. C150, Standard Specification for Portland Cement. 

f. C270, Standard Specification for Mortar for Unit Masonry. 

g. C478, Standard Specification for Precast Reinforced Concrete Manhole 
Sections. 
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h. C890, Standard Practice for Minimum Structural Design Loading for 
Monolithic or Sectional Precast Concrete Water and Wastewater 
Structures. 

i. C913, Standard Specification for Precast Concrete Water and 
Wastewater Structures. 

j. C923, Standard Specification for Resilient Connectors Between 
Reinforced Concrete Manhole Structures, Pipes, and Laterals. 

k. C1244, Standard Test Method for Concrete Sewer Manholes by the 
Negative Air Pressure (Vacuum) Test Prior to Backfill. 

l. C1821, Standard Practice for Installation of Underground Circular 
Precast Concrete Manhole Structures. 

m. C1837, Standard Specification for Production of Dry Cast Concrete Used 
for Manufacturing Pipe, Box, and Precast Structures 

n. D1227, Standard Specification for Emulsified Asphalt Used as a 
Protective Coating for Roofing. 

o. D4022, Standard Specification for Coal Tar Roof Cement, Asbestos 
Containing. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

3. Fabrication and/or layout drawings: 

a. Include detailed diagrams of manholes showing typical components and 
dimensions, reinforcements and other details. 

b. Itemize, on separate schedule, sectional breakdown of each manhole 
structure with all components and refer to drawing identification number 
or notation. 

c. Indicate knockout elevations for all piping entering each manhole. 

1.5 SITE CONDITIONS 

A. See Geotechnical report for groundwater elevation. 
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PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Manhole rings, covers and frames: 

a. Neenah Foundry. 

b. Deeter Foundry. 

c. East Jordan Iron Works 

2. Black mastic joint compound: 

a. Kalktite 340. 

b. Tufflex. 

c. Plastico. 

3. Premolded joint compound: 

a. Ram Nec. 

b. Kent Seal. 

4. Emulsified fibrated asphalt compound: 

a. Sonneborn Hydrocide 700B Semi-Mastic. 

5. Manhole Liners: 

a. Raven Lining System 405. 

b. Ameron T-Lock 95Y. 

c. Madewell Mainstay DS-5. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MANHOLE STRUCTURE COMPONENTS 

A. Manhole Components: 

1. Reinforcement: ASTM C478. 

2. Minimum wall thickness: 5 IN. 

3. Minimum base thickness: 12 IN. 

4. Provide the following components for each manhole structure: 

a. Base (precast) with integral bottom section or (cast-in-place). 

b. Precast bottom section(s). 

c. Precast barrel section(s). 

d. Precast eccentric transition section. 
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e. Precast adjuster ring(s). 

f. Precast concrete transition section. 

g. Precast flat top. 

5. Unless dimensioned or specifically noted on Drawings, provide manhole 
section with minimum 48 IN inside dimensions. 

B. Nonpressure Type Frames and Cover: 

1. Cast iron frame and covers: ASTM A48, Class 35 (minimum). 

2. Ductile iron frame and covers:  ASTM A536. 

3. Use best quality cast or ductile iron, free from imperfections and blow holes. 

4. Furnish frame and cover of heavy-duty construction a minimum total weight 
of 450 LBS. 

5. Machine all horizontal surfaces. 

6. Furnish unit with vent and pickholes as shown on drawings.  Identification 
and graphics to be as shown on drawings. 

7. Ensure minimum clear opening as shown on drawings. 

C. Pressure Type Frame and Cover: 

1. Provide covers meeting the requirements of Paragraph 2.2B and as 
modified below.  

2. Furnish frame and bolted cover of heavy-duty construction. 

a. Equip unit with six (6) stainless steel countersunk 3/8 IN DIA by 1-1/2 IN 
long bolts with stainless steel washers. 

3. Provide solid lid and minimum 1/8 IN thick x 1/2 IN wide continuous strip 
neoprene gasket. 

4. Furnish unit with a minimum of six (6) anchorage holes and six (6) 6 IN long 
x 3/4 IN DIA stainless steel anchor bolts. 

5. Barrel Section Connectors 

D. Special Coatings and Joint Treatment: 

1. Joints of precast sections: 

a. Black mastic compound: ASTM D4022. 

b. Resilient O-ring gaskets manufactured from natural or synthetic materials 
complying with ASTM C923, of suitable cross section and size to meet 
specified infiltration or exfiltration requirements.. 

2. Vertical wall surfaces: 

3. Emulsified fibrated asphalt compound meeting ASTM D1227 Type I for all 
exterior vertical wall surfaces.  Section connectors for pressure manholes. 
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E. Sanitary Sewer Manhole Concrete: 

1. Conform to requirements in 33 05 15. 

2. All sanitary sewer manholes shall be precast reinforced concrete, 4FT to 
8FT in diameter Moor-Tex manholes, or equal. 

3. Provide all sanitary manholes constructed with Portland ASTM C150, Type I 
or II cement with a tricalcium aluminate content not to exceed 8 percent. 

4. Mix aggregate shall be a minimum of 50 percent crushed limestone. 

5. Provide 3000 psi non-shrink grout.  

F. Lining: 

1. The contractor shall ensure the Cured-in-Place Manhole (CIPM) Liner 
completely seals the manhole, pipe inlets/outlets, and the lid frame. The 
CIPM Liner shall protect the manhole concrete from abrasions and corrosion 
and be a product that stops infiltration and deterioration of the concrete due 
to liquids or gases. The product shall be a spray on liner and shall be 
applied per the manufacturer’s instructions to include manhole preparation, 
grouting, minimum application thickness, finishing, and curing. The finished 
CIPM Liner shall result in a monolithic structure, bonded to the contours of 
the existing manhole structure and be water tight from the ring and cover to 
the shelf and invert connections. The Liner manufacturer must be able to 
provide testing results showing concrete failure prior to liner bonding 
detachment from the concrete. CIPM Liner manufacturer must provide a 
minimum 10-year warranty on the performance of the product. 

G. Concrete: 

1. Conform to requirements in Section 33 05 15 or ASTM C1837. 

H. Reinforcing Steel: 

1. Conform to requirements in Section 33 05 15. 

I. Mortar: 

1. Conform to requirements in Section 04 05 13. 

J. Drop Connections and Stubs: 

1. Provide drop connections and stubs conforming to same pipe material 
requirements used in main pipe, unless otherwise indicated on Drawings. 

K. Backfill Materials: 

1. Conform to requirements in Section 31 21 33. 

PART 3 - EXECUTION 

3.1 MANHOLE CONSTRUCTION 

A. General: 

1. Construct cast-in-place concrete base slabs. 
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2. Make inverts with a semi-circular bottom conforming to the inside contour of 
the adjacent sewer sections. 

3. On all straight runs, lay pipe through manhole and cut out top half of pipe. 

a. See detail on Drawings. 

b. If pipes deflect at manhole, shape as specified in the preceding and 
following paragraphs. 

4. Shape inverts accurately and steel trowel finish. 

a. For changes in direction of the sewer and entering branches into the 
manhole, make a circular curve in the manhole invert using as large a 
radius as manhole inside diameter will permit. 

b. Pour base slab integral with bottom barrel section. 

5. Utilize precast concrete base with integral bottom section. 

6. Ensure accurate vertical placement and leveling prior to placement of 
interior grout. 

a. Provide vertical alignment tolerance of maximum 1 IN horizontal to 10 FT 
vertical. 

7. Make inverts with a semi-circular bottom conforming to the inside contour of 
the adjacent sewer sections. 

a. Shape inverts accurately and give them a steel trowel finish. 

b. For changes in direction of the sewer and entering branches into the 
manhole, make a circular curve in the manhole invert of as large a radius 
as manhole size will permit. 

B. Build each manhole to dimensions shown on Drawings and at such elevation 
that pipe sections built into wall of manhole will be true extensions of line of 
pipe. 

C. For all horizontal mating surfaces between concrete to concrete and concrete to 
metal, install resilient O-ring type gaskets. 

D. For horizontal joints that fall below established high groundwater elevation 
shown, install a resilient O-ring type gasket. 

E. If PVC pipe is specified, precast manufacturer shall install resilient O-ring 
gaskets centered in wall of manhole. 

F. Seal all pipe penetrations in manhole. 

1. Form pipe openings smooth and well shaped. 

2. After installation, seal cracks with, non shrink grout. 

3. After grout cures, wire brush smooth and apply two coats emulsified fibrated 
asphalt compound to minimum wet thickness of 1/8 IN to ensure complete 
seal. 
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G. Set and adjust frame and cover final 6 IN (minimum) to 18 IN (maximum) to 
match finished pavement or finished grade elevation using precast adjuster 
rings. 

3.2 FIELD QUALITY CONTROL 

A. After completion of manhole construction, but prior to backfilling, test manholes 
for water tightness using hydrostatic or vacuum testing procedures.  

B. Plug influent and effluent lines, including service lines, with suitably-sized 
pneumatic or mechanical plugs. Ensure plugs are properly rated for pressures 
required for test; follow manufacturer's safety and installation recommendations. 
Place plugs minimum of 6 inches outside of manhole walls. Brace inverts to 
prevent lines from being dislodged when lines entering manhole have not been 
backfilled. 

C. Vacuum testing: 

1. Install vacuum tester head assembly at top access point of manhole and 
adjust for proper seal on straight top section of manhole structure. Following 
manufacturer's instructions and safety precautions, inflate sealing element to 
recommended maximum inflation pressure; do not over-inflate. 

2. Evacuate manhole with vacuum pump to 10 inches mercury (Hg), 
disconnect pump, and monitor vacuum for time period specified in the 
following table:  

  VACUUM TEST TIME TABLE 

DEPTH IN FEET TIME IN SECONDS BY PIPE DIAMETER 

 48" 60" 72" 

4 10 13 16 

8 20 26 32 

12 30 39 48 

16 40 52 64 

20 50 65 80 

24 60 78 96 

* 5.0 6.5 8.0 

*Add T times for each additional 2-foot depth. 

(The values listed above have been extrapolated from ASTM C 1244) 

 

3. A manhole passes the test if after 2.0 minutes and with all valves closed, the 
vacuum is at least 9.0 inches of mercury (Hg).   
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D. Perform hydrostatic exfiltration testing as follows: 

1. Seal wastewater lines coming into manhole with internal pipe plug. Then fill 
manhole with water and maintain it full for at least one hour. 

2. The maximum leakage for hydrostatic testing shall be 0.025 gallons per foot 
diameter per foot of manhole depth per hour. 

3. If water loss exceeds amount tabulated above, locate leaks, complete 
repairs necessary to seal manhole and repeat test procedure until 
satisfactory results are obtained. 

E. Hydrostatic and vacuum testing are not applicable to precast manholes installed 
for water line valve access.  

END OF SECTION 
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SECTION 33 11 13.02 

STEEL PIPE AND FITTINGS FOR LARGE DIAMETER WATER LINES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes 

1. Large diameter (24 inches and greater) steel pipe and fittings for water lines 
and pumping facilities and as identified in Drawings and Schedules. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 – General Requirements. 

3. Section 09 80 10 – Pipeline Coatings and Linings 

4. Section 09 91 00 – Painting and Protective Coatings 

5. Section 13 47 13 – Corrosion Protection System 

6. Section 40 05 13 – Pipe and Pipe Fittings: Basic Requirements 

C. The pipe shall be suitable to carry potable water treated with chlorine to 
maintain a disinfectant residual, as indicated on the drawings. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price. No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 REFERENCES 

A. List of References: 

1. AASHTO – Standard Specifications for Highway Bridges. 

2. AREMA – Manual for Railway Engineering, Volume II, Chapter 15. 

3. ASME – Shop Welding Certification. 

4. ASTM A 36 – Standard Specification for Carbon Structural Steel. 

5. ASTM A 53 – Standard Specification for Pipe, Steel, Black and Hot–Dipped, 
Zinc–Coated, Welded and Seamless. 

6. ASTM A 135 – Standard Specification for Electric–Resistance–Welded Steel 
Pipe. 

7. ASTM A370 – Standard Test Methods and Definitions for Mechanical 
Testing of Steel Products. 
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8. ASTM A 139 – Standard Specification for Electric–Fusion (ARC) – Welded 
Steel Pipe (NPS 4 and Over). 

9. ASTM A 1011 – Standard Specification for Steel, Sheet and Strip, Hot–
Rolled, Carbon, Structural, High Strength Low–Alloy, High Strength Low–
Allow with Improved Formability and Ultra–High Strength. 

10. ASTM C 33 – Standard Specification for Concrete Aggregates (Fine 
Aggregates). 

11. ASTM C 35 – Standard Specification for Inorganic Aggregates for Use in 
Gypsum Plaster. 

12. ASTM C 150 – Standard Specification for Portland Cement. 

13. ASTM C 494 – Standard Specification for Chemical Admixtures for 
Concrete. 

14. ASTM C 595 – Standard Specification for Blended Hydraulic Cements. 

15. ASTM C 881 – Standard Specification for Epoxy–Resin–Base Bonding 
Systems for Concrete.  

16. ASTM C 1107 – Standard Specification for Packaged Dry, Hydraulic–
Cement Grout (Nonshrink). 

17. ASTM D 16 – Standard Terminology for Paint, Related Coatings, Materials 
and Applications. 

18. ASTM D 512 – Standard Test Methods for Chloride Ion in Water. 

19. ASTM D 522 – Standard Test Methods for Mandrel Bend Test of Attached 
Organic Coatings. 

20. ASTM D 1293 – Standard Test Methods for pH of Water. 

21. ASTM D 3363 – Standard Test Method for Film Hardness by Pencil Test. 

22. ASTM D 4541 – Standard Test Method for Pull–Off Strength of Coatings 
Using Portable Adhesion Tests. 

23. ASTM D 4752 – Standard Test Method for Measuring MEK Resistance of 
Ethyl Silicate (Inorganic) Zinc–Rich Primers by Solvent Rub. 

24. ASTM E 165 – Standard Practice for Liquid Penetrant Examination for 
General Industry. 

25. ASTM E 709 – Standard Guide for Magnetic Particle Testing. 

26. ASTM E 1444 – Standard Practice for Magnetic Particle Testing. 

27. AWS D1.1 – Structural Welding Code – Steel  

28. AWWA C 200 – Standard for Steel Water Pipe 6 in. and Larger. 

29. AWWA C 205 – Standard for Cement–Mortar Protective Lining and Coating 
for Steel Water Pipe 4 In. and larger – Shop Applied. 
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30. AWWA C 206 – Standard for Field Welding of Steel Water Pipe. 

31. AWWA C 207 – Standard for Steel Pipe Flanges for Waterworks Service – 
Sizes 4 in. through 144 in. 

32. AWWA C 208 – Standard for Dimensions for Fabricated Steel Water Pipe 
Fittings; Addendum C 208A. 

33. AWWA C 209 – Standard for Cold–Applied Tape Coatings for the Exterior of 
Special Sections, Connections and Fittings for Steel Water Pipelines. 

34. AWWA C 210 – Standard for Liquid Epoxy Coating Systems for the Interior 
and Exterior of Steel Water Pipelines. 

35. AWWA C 214 – Standard for Tape Coating Systems for the Exterior of Steel 
Water Pipelines. 

36. AWWA C216 – Standard for Heat–Shrinkable Cross–Linked Polyolefin 
Coatings for the Exterior of Special Sections, Connections, and Fittings for 
Steel Water Pipelines 

37. AWWA C 218 – Standard for Liquid Coating Systems for the Exterior of 
Above Ground Steel Water Pipelines and Fittings. 

38. AWWA C 219 – Standard for Bolted, Sleeve–Type Couplings for Plain–End 
Pipe. 

39. AWWA C 222 – Polyurethane Coatings for the Interior and Exterior of Steel 
Water Pipe and Fittings. 

40. AWWA C 604 – Installation of Steel Water Pipe – 4 inch and Larger. 

41. AWWA M 11 – Steel Pipe–A Guide for Design and Installation. 

42. NSF/ANSI Standard 61 

43. SSPC, Painting Manuel, Volume 1, Good Painting Practice. 

44. SSPC SP 1 – Surface Preparation Specification No. 1 Solvent Cleaning. 

45. SSPC SP 5 – Surface Preparation Specification White Metal Blast Cleaning. 

46. SSPC SP 6 – Surface Preparation Specification No. 6 Commercial Blast 
Cleaning. 

47. SSPC SP 10 – Surface Preparation Specification No. 10 Near–White Blast 
Cleaning. 

48. SSPC VIS 1 – Guide and Reference Photographs for Steel Surfaces 
prepared by Dry Abrasive Blast Cleaning. 

49. NACE RP0274 Standard Recommended Practice High–Voltage Electrical 
Inspection of Pipeline Coatings. 

50. ASME Pressure Vessel Code, Section VIII 

1.4 SUBMITTALS 
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A. Conform to requirements of Section 01 33 00 – Submittals. 

B. Submit shop drawings signed and sealed by Professional Engineer registered 
in State of Texas showing following: 

1. Provide lay schedule of pictorial nature indicating alignment and grade, 
laying dimensions, thickness, welding procedures, fabrication, fitting, flange, 
and special details, with plan view of each pipe segment sketched, detailing 
pipe invert elevations, horizontal bends, welded joints, and other critical 
features.  Where welded joints are required, include welding requirements 
and location and dimension of all additional outlets required by the 
Contractor to install welds.  Indicate station numbers for pipe and fittings 
corresponding to Drawings.  Do not start production of pipe and fittings prior 
to review and approval by Owner’s representative.  Provide final approved 
lay schedule on CD–ROM in Adobe portable document format (*.PDF). 

2. Submit certification from manufacturer that design was performed for project 
in accordance with requirements of this section.  Certification to be signed 
and sealed by Professional Engineer registered in State of Texas. 

C. Submit mill certificates, including chemical and physical test results for each 
heat of steel, Charpy v–notch tests, and elongation tests. 

D. Submit manufacturer's certifications that pipe and fittings have been 
hydrostatically tested at factory in accordance with AWWA C 200. 

E. Submit certification from NACE Certified Coatings Inspector, under supervision 
of inspector having Level III certification for coatings and linings, that steel pipe 
furnished on project was properly inspected and defective coatings detected 
properly repaired. 

F. Submit inspection procedures to be used by manufacturer and for quality 
control and assurance for materials and welding.  Submit at least 30 days prior 
to repair work, procedures that describe in details shop and field work to be 
performed.  Repair defects such as substandard welds, excessive radial offsets 
(misalignment), pitting, gouges, cracks, etc. 

G. Submit following for nonshrink grout for special applications: 

1. Manufacturer’s technical literature including specifications for mixing, 
placing, and curing grout. 

2. Results of tests performed by certified independent testing laboratory 
showing conformance to ASTM C 1107, Nonshrink Grout and requirements 
of this specification. 

3. Certification product is suitable for use in contact with potable water. 

H. Submit proof of certification for welders.  Indicate certified procedures and 
position each welder is qualified to perform.  Ensure welder and welding 
operator have been certified within past 6 months in accordance with AWWA C 
206. 
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I. Prior to shipment of the pipe, submit affidavit of compliance that materials and 
work furnished comply with applicable requirements of referenced standards 
and these specifications.  Make available copy of physical and chemical testing 
reports. 

J. Prior to shipment of the pipe, submit manufacturer’s affidavits that coatings and 
linings comply with applicable requirements of referenced standards, these 
specifications and: 

1. Polyurethane coatings were applied in accordance with manufacturer’s 
recommendation and allowed to cure at temperature 5 degrees above 
dewpoint. 

2. Mortar linings were applied and allowed to cure at temperature above 32°F. 

3. Test Results 

a. Compressive strength (7 and 28 day) test results for mortar coating. 

b. Hydrostatic testing, magnetic particle and x–ray weld test reports as 
required 

K. Submit certification showing calibration within last 12 months for equipment 
such as scales, measuring devices, and calibration tools used in manufacture of 
pipe.  Each device used in manufacture of pipe is required to have tag 
recording date of last calibration.  Devices are subject to inspection by Owner’s 
representative. 

L. Where welded joints are required, provide: 

1. The Contractors Proposed Field Welding Procedure in accordance with this 
Specification, AWWA C206 and AWS D1.1.  Field Welding Procedure shall 
include provisions for thermal stress control and provisions for control of 
coating damage. 

2. Daily welding reports for field welding showing welder and joint welded shall 
be submitted by the tenth day of each month. 

M. After construction, the Pipe Manufacturer shall provide AutoCad drawings of the 
pipe plan and profile layout sheets showing each joint of pipe and all 
appurtenances to the same coordinate system as used on the Drawings. 

N. After construction, the Contractor shall provide record data showing top–of–pipe 
survey every 100 feet along the pipeline.  Survey shall include location of all 
valves, fittings, and appurtenances. 

1.5 QUALITY CONTROL 
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A. Manufacturer to provide permanent quality control department and laboratory 
facility capable of performing inspections and testing as required by 
Specifications.  Material testing, inspection procedures, and manufacturing 
process are subject to inspection by Owner’s representative.  The Pipe 
Manufacturer shall notify the Owner in writing, a minimum of two (2) weeks prior 
to the pipe fabrication so that the Owner may advise the Manufacturer as to the 
Owner’s decision regarding tests to be performed by an independent testing 
laboratory.  Perform manufacturer’s tests and inspections required by 
referenced standards and these Specifications, including the following.  Correct 
nonconforming conditions. 

1. Steel Plate and Coils:  Review mill certifications for conformance to 
requirements of Specifications; perform physical and chemical testing of 
each heat of steel for conformance to applicable ASTM standards.  The 
Owner will require the Manufacturer to furnish mill test certificates on 
reinforcing steel or wore, steel plate, steel coil, and cement.  The 
Manufacturer shall perform the tests described in AWWA C200, for all pipe, 
fittings, and specials. 

2. Pipe: 

a. Inspect thickness, circumference, roundness, strength, and size of seam 
welds (spiral or longitudinal), and squareness of pipe ends to verify 
compliance with AWWA C 200. 

b. Inspect physical dimensions and overall conditions of all joints for 
compliance with AWWA C 200, approved submittals, and Specifications. 

c. Hydrostatically test finished pipe section to 75 percent of specified 
minimum yield strength of steel being used with zero leakage.  As a part 
of testing equipment, the Pipe Manufacturing shall maintain a recording 
pressure gauge, reference number of pipe tested, etc.  The pipe shall be 
numbered in order that this information can be recorded. 

d. For wall thickness greater than 1/4–inch perform Charpy V–Notch (CVN) 
Test in accordance with AWWA C 200. 

e. For the tensile test specified in ASTM A370, 2–inch test specimens shall 
show elongations not less than 22 percent for each heat of steel. 

3. Fittings: Fittings shall be fabricated from hydrostatically tested pipe.  Fittings 
shall be tested by hydrostatic test, ultrasonic test, air test, or magnetic 
particle test.  Air test shall be made by applying air to the welds at 10 
pounds per square inch pressure and checking for leaks around and through 
welds with a soap solution.  In addition, five percent of welds on fittings shall 
be checked with x–ray or ultrasonic testing by an independent Certified 
Welding Inspector paid for by the Pipe Manufacturer.   

4. Linings: 

a. Inspect unlined pipe for overall condition of inside barrel.  Maintain inside 
barrel free of corrosive products, oil, grease, dirt, chemical, and 
deleterious material. 
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b. Inspect lined pipe for physical dimensions and overall condition of lining, 
visible surface defects, thickness of lining, and adhesion to steel surface. 

c. Review certifications by manufacturers of lining components for 
conformance to AWWA standards and these Specifications. 

5. Coatings:  Measure temperature and dew point of ambient air before 
applying coatings.  Inspect physical dimensions and overall condition of 
coatings.  Inspect for visible surface defects, thickness, and adhesion of 
coating to surface and between layers. 

6. Final Inspection: 

a. Before shipment, inspect finished pipe, fittings, specials and accessories 
for markings, metal, coating thickness, lining thickness (if shop applied), 
joint dimensions, and roundness. 

b. Inspect for coating placement and defects.  Test exterior coating for 
holidays. 

c. Inspect linings for thickness, pitting, scarring, and adhesion. 

B. Shop–applied coatings and linings; provide services of independent coating and 
lining inspection service or testing laboratory with qualified coating inspectors.  
Perform inspection by NACE trained inspectors under supervision of NACE 
Level III Certified Coatings Inspector. 

C. Ensure workmen engaged in manufacturing are qualified and experienced in 
performance of their specific duties. 

D. Cast four standard test cylinders each day for each 50 cubic yards of mortar 
coating or portion thereof for each coating and lining placed in a day.  Perform 
compressive strength test at 28 days.  No cylinder test result will be less than 
80 percent of specified strength. 

E. Dented steel cylinders will result in rejection of pipe. 

F. Make available copy of physical and chemical testing reports for steel cylinders 
and provide reports at request of Owner’s representative. 

G. Check physical dimensions of pipe and fittings.  Physical dimensions to include 
at least pipe lengths, pipe I.D., pipe O.D. and bend angles. 

H. Marking for identification:  Each joint of pipe and each fitting shall have plainly 
marked on the inside of both ends, the class for which it is designed, the date of 
manufacture, and the identification number as shown on the Shop Drawings.  
Beveled pipe shall be marked with the amount of bevel.  The top centerlines 
shall be marked on all specials. 

I. Point of Delivery 

1. Pipe shall be hauled direct from pipe plant to the Site and strung along 
pipeline route, thus avoiding rehandling of pipe and the possibility of 
damage thereto.  Where fully loaded truck and trailer cannot operate along 
the pipeline route, pipe may be unloaded at access points along the route, 
and brought to the trench side by approved methods; however, the 
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Contractor shall be responsible to ensure that pipe is undamaged at the time 
of laying. 

2. If the pipe cannot be hauled directly from the pipe plant to the laying site, a 
maximum of two handlings is allowed in which case the maximum number of 
coating repairs is reduced to five (5). 

3. Shipment by rail will be unacceptable, unless it can be demonstrated that it 
will not damage the pipe. 

1.6 INSPECTION 

A. Owner’s representative may witness manufacture and fabrication of pipe and 
appurtenances.  Independent testing laboratory under contract to Owner’s 
representative may perform tests at direction of Owner’s representative to verify 
compliance with these specifications.  Provide assistance to accomplish such 
testing, including equipment and personnel, at no additional cost to Owner. 

B. The inspection and testing by the independent testing laboratory anticipates 
that production of pipe shall be done over a normal period of time and without 
“slow downs” or other abnormal delays.  In the event that an abnormal 
production time is required, and the Owner is required to pay excessive costs 
for inspection, then the Contractor shall be required to reimburse the Owner for 
such laboratory costs over and above those which would have been incurred 
under a normal schedule of production as determined by the Owner’s 
Representative. 

PART 2 - PRODUCTS 

2.1 STEEL PIPE 

A. Experience Requirements 

1. Pipe shall be the product of one manufacturer who has had not less than 
five (5) years successful experience manufacturing pipe of the particular 
type and size indicated.  Pipe manufacturing operations (pipe, lining, and 
coating) shall be performed at one (1) location unless otherwise approved 
by the Owner’s Representative.  Fittings may be manufactured at an 
alternate location, provided they are supplied under the responsible 
authority of the pipe manufacturer.  All pipe shall be new and not supplied 
from inventory.  All pipe and fittings shall be manufactured in the Continental 
U.S.A., and shipping over salt waterways will not be allowed. 

2. The manufacturer shall be certified either under S.P.F.A. or ISO 9001 quality 
certification program for steel pipe and accessory manufacturing. 
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B. Fabricate and supply miscellaneous steel pipe and fittings with nominal 
diameter of 24 inches and larger in accordance with AWWA C 200, C 207, C 
208 and AWWA M 11 except as modified herein.  Steel shall meet the 
requirements of AWWA C200 and shall be of continuous casting.  Steel shall be 
homogenous and shall be suitable for field welding, fully kilned and fine 
austenitic grain size.  Steel shall have minimum yield strength of 40,000 psi. 

C. Provide pipe sections in lengths no greater than 50 feet and no less than 10 
feet except as required for special fittings or closure sections. 

D. Provide shop–coated and shop–lined steel pipe in accordance with Section 09 
80 10 and 09 91 00. 

E. Provide closure sections and short sections of steel pipe not less than 4 feet in 
length unless indicated on Drawings or specifically permitted by Owner’s 
representative. 

F. Square flanges with pipe with bolt holes straddling both horizontal and vertical 
axis.  Provide ½ –inch gap between pipe ends to be coupled with sleeve 
coupling unless otherwise indicated on Drawings. 

1. Provide standard ring or hub type flanges, conforming to AWWA C 207, 
Class D, or as required for higher pressures or as noted in schedules and 
drawings. 

2. Apply petroleum–based tape to buried flanges in accordance with Section 
09 80 10.  

G. Pipe Design Conditions: 

1. Design: Design pipe and fittings based upon trench conditions and the 
design pressure in accordance with AWWA M11.  Base design on minimum 
of AASHTO HS–20 loading, AREMA E–80 loads and depths of bury as 
indicated on Drawings.   

2. Groundwater Level: Design for most critical ground water level condition, 

3. Working pressure: As indicated in schedules or drawings 

4. Hydrostatic field test pressure: As indicated in schedules or drawings 

5. Maximum pressure due to surge: 1.5 times working pressure 

6. Minimum pressure due to surge: –5 psi 

7. Modulus of elasticity (E) =  

a. 30,000,000 psi for steel. 

b. 4,000,000 psi for cement mortar. 

8. Maximum deflection from specified diameter:  2 percent for flexible coatings, 
1 percent for cement mortar linings. 

9. Design stress due to working pressure to be no greater than 50 percent of 
minimum yield. 
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10. Design stress due to maximum hydraulic surge pressure to be no greater 
than 75 percent of minimum yield. 

11. Modulus of soil reaction (Eˊ) =  

a. 1,500 psi. (Typical pea gravel embedment trench section) 

b. 1,000 psi. (Typical bank run sand embedment)  

c. 3,000 psi (where encased in concrete or flowable fill) 

12. Unit weight of fill (w) = 130 pcf. 

13. Deflection lag factor (D1) = 1.1. 

14. Bedding constant (K) = 0.1. 

15. Fully saturated soil conditions:  hw = h = depth of cover above top of pipe. 

16. Do not allow diameter (D) over thickness (t) ratio to be greater than 230 for 
buried pipe.  Pipe which is placed in a casing or tunnel shall have maximum 
D/t ratio of 144.  Pipe which is placed above–grade and exposed shall have 
minimum thickness as follows, unless otherwise shown on the Drawings or 
Pipe Schedule: 

a. < 30”, 0.25” 

b. 30” to ≤60”, 0.375” 

c. 60” to ≤84”, 0.50”  

17. Provide minimum inside clear diameter for tunnel liners or casing in 
accordance with Section 31 71 00.01– Tunnel Excavation and Primary 
Liner. 

18. Exclude structural benefits associated with primary liner in design of pipe in 
tunnel installations. 

a. Design pipe and joints to carry loads including overburden and lateral 
earth pressures, subsurface soil and water loads, grouting, other 
conditions of service, thrust of jacks, and stresses anticipated during 
handling and construction loads during installation of pipe. 

b. Do not use internal removable stiffeners for pipe in tunnel, unless 
approved by Owner’s representative. 

c. External welded steel stiffeners will be permitted in design calculations 
for steel pipe, provided wall thickness is a minimum of ½ inch.  Minimum 
clearances specified between exterior pipe wall and tunnel liner applies 
to distance between outside diameter of external welded stiffener and 
tunnel liner. 

19. Provisions For Thrust 

a. Thrust at valves, bends, tees, or other fittings shall be restrained joints.  
Thrust at bends adjacent to casing shall be restrained by welding joints 
through the casing and a sufficient distance each side of the casing.  No 
thrust restraint contribution shall be allowed for pipe in casing unless the 
annular space in the casing is filled with grout. 
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b. Restrained joints shall be used a sufficient distance from each side of the 
valves, bend, tee, plug, or other fitting to resist thrust which develops at 
the design pressure of the pipe.  For the purposes of thrust restraint, 
design pressure shall be 1.5 times the working pressure class.  
Restrained joints shall consist of welded joints unless other joint types 
are shown on the drawings. 

c. Thrust restraint design shall be the complete responsibility of the pipe 
manufacturer.  The pipe manufacturer shall submit thrust calculations 
with the lay drawing submittal verifying that the thrust restraint system is 
adequate to meet the pipe manufacturer’s minimum standards, AWWA 
M11 standards, and these specifications, whichever is more stringent.  
The length of pipe with restrained joints to resist thrust forces shall be 
determined by the Pipe Manufacturer in accordance with AWWA M11 
and the following: 

1) The Weight of Earth shall be calculated as the weight of the projected 
soil prism above the pipe. 

2) Soil Density = 110 pcf (maximum value to be used). 

3) Coefficient of Friction = 0.20 (maximum value to be used for 
polyurethane or tape coated steel pipe). 

4) The above applies to unsaturated soil conditions.  In locations where 
ground water is encountered, the soil density shall be reduced to its 
buoyant weight for all backfill below the water table, and the coefficient 
of friction shall be reduced to 0.15 for polyurethane or tape coated steel 
pipe. 

5) For horizontal bends, the length of pipe to be restrained shall be 
calculated as follows: 

a) For Δ less than 60° 

 

 

b) For Δ greater than 60° 

 
    

L = Length of pipe to be restrained 
P = 1.5 times working pressure 
A = Cross sectional area of pipe steel cylinder I.D. 
Δ = Deflection angle 
We = Weight of earth prism above the pipe 
Wp = Weight of pipe 
Ww = Weight of water 
⨍ = Coefficient of friction 
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6) For vertical bends, the length of pipe to be restrained shall be              
calculated per AWWA M11. 

20. Inside Diameter: The inside diameter, including the cement–mortar lining, 
shall be a minimum of the nominal diameter of the pipe specified, unless 
otherwise indicated on the Plans.   

H. Fittings for Water Lines:  Fabricate in accordance with AWWA M11, and AWWA 
C 208. 

1. Wall Thickness:  Equal to or greater than pipe to which fitting is to be 
welded. 

2. Elbows:  2–piece for 0 degrees to 22½ degrees; 3–piece for 23 degrees to 
45 degrees; 4–piece for 46 degrees to 67½ degrees; and 5–piece for 68 
degrees to 90 degrees, unless otherwise shown on Drawings. 

3. Outlets:  Provide reinforced tees, wyes, laterals, and outlets in accordance 
with ASME Pressure Vessel Code, Section VIII, Paragraph UG–37 and 
AWWA M11, Chapter 13. Provide interior lining and exterior coating in 
accordance with paragraphs on coating and lining and matching pipe to 
access inlets, service outlets, test inlets, and air–vacuum valve and other 
outlets, including riser pipes. 

4. Radius for mitered bends:  Minimum radius of one and one–half times pipe 
diameter, unless shown otherwise on the Drawings. 

5. Butt Straps for Closure Piece:  Minimum 12–inch–wide split butt strap; 
minimum plate thickness equal to thinnest member being joined; fabricated 
from material equal in chemical and physical properties to thinnest member 
being joined.  Provide minimum lap of 4 inches between member being 
joined and edge of butt strap, welded on both inside and outside.  Provide 
minimum 6–inch welded outlet for inspecting each closure section, unless 
access manway is within 40 feet of closure section. 

6. Joints are to be welded and butt or lap joints as shown on drawings.  Use 
flanged joints at valves. 

7. Provide double–welded lap field joints or full penetration butt–welded joints 
as shown on Drawings for tee fitting supported on pier foundation, 
aboveground piping, and field welds for risers including vertical portion of 
crossover piping. 

I. Pipe Ends: 

1. Pipe ends shall be lap welded slip joint; butt strap joint; flanged joint, or 
flexible coupled joint.  Pipe ends shall be suitable for full vacuum and the 
maximum surge pressures indicated. 

2. Lap Welded Slip Joint 

a. Lap welded slip joint shall be provided in all locations except shown as 
butt strap, flanged, or flexible coupled joint restraint.  Ends of pipe, 
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fittings, and specials for field welded joints shall be prepared with one 
end expanded in order to receive a plain end making a bell and plain end 
type joint.  Clearance between the surfaces of lap joints shall not exceed 
1/8” at any point around the periphery. 

b. The minimum lap shall be 2”.  The depth of bell shall be such as to 
provide for a minimum clear distance of 2” between the weld and the 
nearest tangent of the bell radius when welds are to be located on the 
inside of the pipe. 

c. Lap welded slip joints shall be welded from the inside for pipe diameters 
48” and larger.  Lap welded slip joints shall be welded from the outside 
for diameters smaller than 48”. 

3. For Fittings with Flanges 

a. Flanged joints shall be provided at connections to valves and where 
indicated.  Ends to be fitted with slip–on flanges shall have the 
longitudinal or spiral welds ground flush to accommodate the type of 
flanges provided.  Pipe flanges and welding of flanges to steel pipe shall 
conform to the requirements of AWWA C207 and AWWA C206.  Pipe 
flanges shall be of rated pressure equal to or greater than the adjacent 
pipe class.  Flanges shall match the fittings or appurtenances which are 
to be attached.  Flanges shall be spot faced or back faced parallel to the 
front face. 

4. Flexible Couplings 

a. Flexible couplings shall be provided where shown in the Drawings. 
Flexible couplings shall conform to the requirements of AWWA C219.  
Ends to be joined by flexible couplings shall be of the plain end type, 
prepared as stipulated in AWWA C200.  Pipe ends shall be truly circular 
to within 0.25” or the coupling manufacturer’s tolerances, whichever is 
smaller.  In addition, the welds on ends to be joined by couplings shall be 
ground flush to permit sliding the coupling in at least one direction to 
clear the pipe joint.  Harness bolts and lugs shall comply with AWWA 
M11 and the plans.   

b. Sleeve Type Couplings: 

1) Joints for lined piping: 

a) Provide sleeve couplings only, welding is not permitted with epoxy 
lined pipe, unless noted otherwise in the Drawings. 

b) Manufacturers: 

(1) Dresser Style 38. 

(2) Baker. 

(3) Viking Johnson.Provide plain end type ends to be joined by 
mechanical couplings in accordance with AWWA C200. 
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d) Outside diameter and out–of–round tolerances to be within limits 
specified by coupling manufacturer. 

e) Provide lugs in accordance with ASTM A36 or acceptable 
equivalent product. 

f) Provide hardened steel washers in accordance with ASTM A325. 

g) Nuts and bolts: 

(1) Provide bolts and bolt–studs in accordance with ASTM A307 
and ASME B1.1 with hexagonal or square heads, coarse thread 
fit, threaded full length with ends chamfered or rounded. 

(2) Project bolt ends 1/4–inch beyond surface of nuts. 

(3) Provide hexagonal nuts with dimensions in accordance with 
ANSI B18.2.2 and coarse threads in accordance with ASME 
B1.1. 

h) Provide middle ring of each mechanical coupling with a thickness 
at least equal to that specified for size of pipe on which coupling is 
to be used and not less than 10 inch (250 mm) long for pipe 30 inch 
(750 mm) and larger and not less than 7 inch (180 mm) long for pipe 
under 30 inch (750 mm) in diameter. 

(1) Omit pipe stop from inner surface of middle rings of couplings 
to permit removal of valves, flow meters, and other installed 
equipment. 

(2) Provide pipe stops in other couplings. 

i) Provide cleaning and shop priming with manufacturer's standard 
rust inhibitive primer. 

j) Where noted or indicated, provide mechanically coupled steel 
pipe joints anchored to steel pipe with harness bolts.  Weld harness 
lugs to steel pipe prior to application of lining. 

(1) Joint harness bolts:  Provide harness lugs placed and provide 
harness bolts of length such that coupling can be slipped at least 
in one direction to clear joint.  Provide harnesses of sufficient 
number and strength to withstand test pressure indicated in 
Process Pipe Schedule. 

(2) Provide a minimum of two 5/8–inch (16 mm) diameter bolts. 

c. Flanged Coupling Adapters/Dismantling Joints: 

1) Manufacturers: 

a) Dresser  

b) Baker. 

c) Viking Johnson.ROMAC. 
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2) Provide restrained flanged coupling adapters using harness lugs 
and/or tie rods, anchor studs are not acceptable for restraint.   

3) Provide tie rods of sufficient number and strength to restrain coupling 
at test pressure as indicated in Process Pipe Schedule. 

4) Provide a minimum of two 5/8–inch (16 mm) diameter tie rods at 
connections. 

d. Expansion Joints: 

1) Manufacturers: 

a) Mechanical Expansion Joints: 

(1) Dresser "Style 63." 

(2) Baker. 

(3) Viking Johnson. 

(4) ROMAC 

b) Flexible Connectors and Bellows Expansion Joints: 

(1) Garlock. 

(2) General Rubber. 

(3) Goodall. 

(4) Mercer. 

(5) Unaflex. 

c) Materials: 

(1) Joint movements of 0.4375 inch (11 mm) or greater and 
rotations of 1/2–degree or greater to be located as indicated or 
specified.  Provide all other joints to allow a minimum of 0.4375 
inch (11 mm) pipe expansion (joint compression) and pipe 
compression (joint expansion).  Provide in accordance with Fluid 
Sealing Association, Series B for Bellows expansion joints. 

(2) Provide single arch Bellows joints at equipment for isolation 
design in accordance with Fluid Sealing Association, Series B. 

(3) Provide flexible connectors constructed with a filled arch to 
eliminate sedimentation of solids in arched area. 

(4) Provide tie rods at flexible connectors and expansion joints of 
sufficient number and strength to restrain connection at test 
pressure as indicated in Process Pipe Schedule.  Provide a 
minimum of two 5/8–inch (16 mm) diameter tie rods at 
connections.  Provide tie rods placed to provide movement at 
hinged expansion joints where movements cause lateral rotation 
of the expansion joint occur.  Angle of rotation as indicated. 



STEEL PIPE AND FITTINGS FOR  WHCRWA 

LARGE DAMETER WATER LINES CENTRAL PUMP STATION       

  

WHCRWA CENTRAL PUMP STATION 
STEEL PIPE AND FITTINGS FOR LARGE DIAMETER WATER LINES 

33 11 13.02 – 16 OF 26 

(5) Provide flexible connectors and expansion joints guided in 
accordance with manufacturers recommendations. 

(6) Elastomer material to be compatible with the flowing medium 
and the operating temperature as indicated in the Process Pipe 
Schedule. 

5. Butt Strap Closure Joints 

a. Where necessary to make closure to pipe previously laid, closure joints 
shall be installed using butt strap joints in accordance with AWWA C206 
and applicable provisions of this specification.  Butt strap shall have an 
inside and outside weld and shall be air tested.  Air test shall be low 
pressure from a threaded fitting between the welds. 

J. Perform x–ray or ultrasonic testing of manual welds on special pipe and fittings. 

K. Hydrostatic Test of Pipe: 

1. AWWA C200 Section 5.2, at point of manufacture.  Hold test for minimum 
2 minutes and conduct thorough inspection of pipe.  Repair or reject pipe 
revealing leaks or cracks. 

2. Calibrate pressure gauges within one year prior to testing as specified in 
Section 1.4K 

L. Provide forged steel threaded outlets of approved design where required for 
use in passing hose or lead wires into pipe.  Tap plugs with standard pipe 
threads and weld to pipe in approved manner and use solid forged steel plugs 
for closure.   

M. Flanges: 

1. Fabricate flanges with oversize bolt holes, with flanges drilled in pairs, to 
accommodate insulating sleeves where indicated on the Drawings or 
Specifications. 

N. Dished Head Plugs:  Design dished head plugs (test plugs) to withstand field 
hydrostatic test pressure from either side of plug.  Design stress due to 
hydrostatic pressure to be no greater than 50 percent of minimum yield.  Pipe 
on opposite side of hydrostatic test may or may not contain water.  
Manufacturer of the steel pipe to hydrostatically test plug at factory. 

O. Make curves and bends by deflecting joints, or by using beveled joints, or by 
combination of two methods, unless otherwise indicated on Drawings or 
permitted by Owner’s representative.  Do not exceed deflection angle at joint as 
recommended by pipe manufacturer.  Make penetration of spigot into bell at all 
points of circumference at least equal to minimum required penetration shown 
on Drawings.  Beveled pipe sections used in curved alignment to be of standard 
length except when shorter sections are required to limit radius of curvature, in 
which case all sections throughout curve are to be of equal length.  Do not allow 
bevel to exceed 5 degrees. 
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2.2 INTERNAL LINING SYSTEMS FOR STEEL PIPE, ALL INSTALLATIONS 

A. Supply steel pipe with cement–mortar lining as shown in Drawings and 
Schedules and in accordance with Section 09 80 10, capable of conveying 
water at temperatures not greater than 140°F.  Provide linings conforming to 
American National Standards Institute/National Sanitation Foundation 
(ANSI/NSF) Standard 61, and certification to be from organization accredited by 
ANSI.  Unless otherwise noted, coat all exposed (wetted) steel parts of flanges, 
blind flanges, bolts, access manhole covers, with epoxy or polyurethane lining, 
as specified. 

2.3 EXTERNAL COATING SYSTEM FOR STEEL PIPE INSTALLED 
ABOVEGROUND AND IN VAULTS (EXPOSED) 

A. Supply pipe with a coating system in accordance with Section 09 91 00, unless 
noted otherwise in Drawings or Schedules. 

2.4 EXTERNAL COATING SYSTEMS FOR BURIED STEEL PIPE 

A. Supply pipe with a polyurethane coating system and heat shrink joint sleeves in 
accordance with Section 09 80 10.   

B. Provide inspections by NACE trained inspectors under supervision of NACE 
Certified Coatings Inspector having Level III Certification. 

2.5 GROUT FOR JOINTS AND SPECIAL APPLICATIONS 

A. Cement Grout Mixture:  One part cement to two parts of fine, sharp clean sand.  
Mix interior joint mortar with as little water as possible until very stiff, but 
workable.  Mix exterior joint mortar with water until it has consistency of thick 
cream.  Mix cement grout to specific gravity of 19 lb/gallon or greater as 
measured by grout/slurry balance.  Use balance manufactured grout/slurry by 
Baroid or approved equal.  Perform test in presence of and at request of 
Owner’s representative.  Add additional cement grout or water to mixed cement 
grout to bring mix to proper moisture content or specific gravity.  Discard 
cement grout that has been mixed more than 20 minutes and is not at proper 
specific gravity or moisture content. 

1. Portland Cement:  ASTM C 150, Type II.  Provide one type of cement for 
entire project. 

2. Sand: 

a. Interior joints:  ASTM C 35 fine graded plaster sand. 

b. Exterior joints:  ASTM C 33; natural sand with 100 percent passing 
No. 16 sieve. 

3. Water:  Potable water with total dissolved solids less than 1,000 mg/l; 
ASTM D 512 chloride ions less than 100 mg/l for slurry and mortar cure; 
ASTM D 1293 pH greater than 6.5.  Use potable water with 250 ppm limit on 
chlorides and sulfates. 
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B. Provide approved Nonshrink Grout for Special Applications, Patches, and 
Repairs. 

1. Conform to requirements of ASTM C 1107, Nonshrink Grout. 

2. Pre–blended factory–packaged material manufactured under rigid quality 
control, suitable for use in joints of prestressed concrete cylinder pipe. 

3. Contain non–metallic natural aggregate and be nonstaining and 
noncorrosive. 

4. Meeting NSF 61 Standard suitable for use in contact with potable water 
supply. 

5. Exterior: Highly flowable to fill joint wrapper without leaving voids or trapped 
air.  Interior capable of being placed with plastic consistency. 

6. Compressive strength:  ASTM C 1107 2,500 psi minimum 7–day 
unconfined; 5,000 psi minimum 28–day unconfined. 

7. Non–bleeding and non–segregating at fluid consistency. 

8. Contain no chlorides or additives which may contribute to corrosion of steel 
pipe. 

9. Free of gas–producing, gas–releasing agents. 

10. Resist attack by oil or water. 

11. Mix, place, and cure in accordance with manufacturer’s instructions and 
recommendations.  Upon 72 hours notice, provide services of qualified 
representative of nonshrink grout manufacturer to aid in assuring proper use 
of product under job conditions.  Representative to be on site when product 
is first used. 

12. Mix cement grout to specific gravity of 17.7 lb/gallon or greater as measured 
by grout/slurry balance.  Use balance manufactured grout/slurry by Baroid or 
approved equal.  Perform test in presence of and at request of Owner’s 
representative.  Add additional cement grout to mixed cement grout or water 
to bring mix to proper moisture content or specific gravity.  Discard cement 
grout that has been mixed more than 20 minutes and is not at proper 
specific gravity or moisture content. 

13. Compressive strength:  ASTM C 1107 2,500 psi minimum 7–day 
unconfined; 5,000 psi minimum 28–day unconfined. 

C. Finished surface of lining and interior joint to be comparable to surface rubbed 
with No. 16 Carborundum stone.  Rub joint mortar sufficiently to bring paste to 
surface, to remove depressions and projections, and to produce smooth, dense 
surface.  Add cement to form surface paste as necessary.  Leave interior with 
clean, neat, and uniform–appearing finish. 

PART 3 - EXECUTION 
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3.1 PIPING INSTALLATION 

A. Conform to applicable provisions of Section 40 05 13 – Pipe and Pipe Fittings: 
Basic Requirements, except as modified in this Section. 

B. Comply with following: 

1. During the construction period, the Pipe Manufacturer shall furnish the 
services of a factory trained, qualified, job experienced technician to advise 
and instruct as necessary in pipe laying and pipe jointing.  The technician 
shall assist and advise the Contractor in his pipe laying operations and shall 
instruct construction personnel in proper joint assembly and joint inspection 
procedures.  The technician is not required to be on–site full time; however, 
the technician shall be on–site during the first two weeks of pipe laying and 
thereafter as requested by the Owner’s Representative, Owner, or 
Contractor. 

2. The Pipe Manufacturer shall provide services of the Coating Manufacturer’s 
representative and the Heat Shrink Joint Manufacturer’s representative for a 
period of not less than two weeks at the beginning of actual pipe laying 
operations to advise Pipe Manufacturer, Contractor and Owner’s 
Representative regarding installation, including but not limited to, handling 
and storage, cleaning and inspecting, coating repairs, field applied coating, 
heat shrink joint installation procedures and general construction methods 
and how they may affect the pipe coating.  The Manufacturer’s 
Representative shall be required to return if, in the opinion of the Owner’s 
Representative, the coating or the Contractor’s construction methods do not 
comply with the Specifications.  Cost for the Manufacturer’s Representatives 
to return to the Site shall be at no additional cost to the Owner. 

3. Install stulls prior to placement of pipe, bends, and fittings to prevent 
deflection during installation.  Provide stulls consisting of timber struts with 
end blocks shaped to fit curvature of interior surface of pipe or other 
appropriate configuration and material.  Firmly edge and secure stulls to 
blocks so that they will remain intact position during handling and 
installation.  Provide stulls adequate to resist loads encountered without 
structural failure to stull members or damage to pipe.  Where applicable, 
place stulls at such lengths so as to elongate vertical diameter of pipe as 
required to suit trench conditions encountered. 

4. Pipes shall be carefully supported during shipment and storage.  Pipe, 
fittings, and specials shall be separated so that they do not bear against 
each other, and the whole load shall be securely fastened to prevent 
movement in transit.  Ship pipe on padded bunks with tie–down straps 
approximately over stulling.  Store pipe on padded skids, sand or dirt berms, 
tires, or other suitable means to protect the pipe from damage.  As a 
minimum, each end of each length of pipe, fitting, or special and the middle 
of each pipe joint shall be internally supported and braced with stulls to 
maintain a true circular shape.  More internal stulls shall be included to 
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protect the pipe, lining, and coating from damage as determined by the Pipe 
Manufacturer.  Internal stulls shall consist of timber or steel firmly wedged 
and secured so that stulls remain in place during storage, shipment, and 
installation.  Pipe and liner shall be protected from damage from stulls using 
shaped wood pads or similar devices.  Stulls shall not be welded directly to 
the pipe except at the end of the pipe where the lining is held back.  Pipe 
shall be rotated so that one stull remains vertical during storage, shipment 
and installation.  Stulls shall not be removed until the pipe is laid, set to 
grade, backfilled, and welded. 

5. Reject and remove immediately from site pipe that arrives at site with 
defects in lining, including sand pockets, voids, and oversanded areas. 

6. Store pipe at job–site with securely–fastened plastic endcaps to maintain 
moist pipe interior.  Promptly replace damaged endcaps to avoid shrinkage 
or cracking of cement–mortar lining.  Moisture shall be maintained inside the 
pipe by periodic addition of water as necessary. 

7. Immediately replace damaged plastic end caps.  Do not leave uncapped for 
more than 4 hours. 

8. Bedding and Backfilling: 

a. Conform to requirements of Section 31 21 33 – Trenching, Backfilling, 
and Compacting for Utilities. 

b. Align pipe at proper grade prior to joint connection and do not shift after 
jointing operation has been completed. 

c. Take necessary precautions during bedding and backfilling operations to 
prevent deformation or deflection of cylindrical shape of pipe by more 
than allowable pipe deflection.  Do not move trench support system 
(trench safety system) once bedding material is compacted. 

d. Excavate outside specified trench section for bell holes, and for spaces 
sufficient to permit removal of slings.  Provide bell holes at proper 
locations for unrestricted access to joint.  Form bell holes large enough 
to facilitate joint wrapping and to permit visual examination of process.  
Enlargement of bell holes as required or directed by Owner’s 
representative.  Subsequent backfilling thereof will not be considered as 
authorized additional excavation and backfill.  Backfill bell holes and 
spaces to satisfaction of Owner’s representative. 

e. Blocking may be removed 24 hours after placing backfill to top of 
pavement or natural ground level. 

9. Pipe Deflection:  After backfill is complete, test pipe for excessive deflection 
by measuring actual inside vertical diameter.  For maximum deflection 
allowable, see Section 2.1. 

a. Deflection may be measured by Owner’s representative at location along 
pipe.  Arithmetical averages of deflection are not acceptable. 

b. If deflection exceeds that specified, do one of the following: 
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1) Remove backfill and side support.  Reround the pipe and properly 
replace compacted backfill and side support.  Review cement mortar 
lining to assure that no harmful damage has occurred. 

2) Remove entire portion of deflected pipe section and install new pipe 
as directed by Owner’s representative at no additional cost to Owner. 

10. Move pipe in such manner not to damage pipe or coating.  Do not roll pipe 
nor drag on ground.  Inspect and repair coating abrasions before pipe is 
lowered into trench. 

11. Use of dogs, clips, lugs, or equivalent devices welded to steel pipe for 
purpose of forcing it into position will not be permitted unless approved by 
Owner’s representative.  Remove foreign matter and protective material 
from surfaces that are to be in contact at joints.  Leave surfaces of joint 
areas thoroughly clean for metal–to–metal contact of field joints. 

C. Induced AC: 

1. Where welded steel water pipelines are strung along the right–of–way of an 
overhead AC transmission system, induced AC current may occur.  If this 
potential hazard exists, prepare a safety plan to be implemented during 
construction. 

2. Properly ground steel pipeline during construction as necessary to prevent 
build–up of static electricity. 

3. Electrically test where required after installation of pipeline is complete. 

D. Deviation of installed pipe in one pipe section from line and grade shown on 
approved shop drawing layout will not exceed 2 inches from grade and 3 inches 
from line.  No deviation from line and grade at contract interfaces are allowed. 

E. Use adequate surveying methods, procedures, and employ competent 
surveying personnel to ensure pipe sections are laid to line and grade and 
within stipulated tolerances.  Measure and record, in form approved by Owner’s 
representative and submit copy of data to Owner’s representative at end of that 
day.  Survey data to include unique pipe number, deflection angle at pipe joint 
and whether beveled ends were used, invert elevation at pipe joint, deviation of 
joint from project line, deviation of joint from project grade, inside pipe joint lap 
measured at top, bottom, and at springline (each side). 

F. Any time that laying of additional pipe is stopped for more than 8 hours, plug 
ends of installed pipe and take proper precautions against flotation of pipe 
segments. 

G. Above ground piping 

1. Install piping to lines and grades indicated and support.  Where temporary 
supports are used, provide temporary supports to prevent shifting or 
distortion of pipe. Provide for expansion. 

2. Slope piping toward low points and provide for draining at low points. 
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3. Install tie rods, pipe clamps or bridles when sleeve type couplings or fittings 
are used in piping system as indicated, and at changes in direction or other 
places to prevent joints from pulling apart under pressures indicated in the 
Process Pipe Schedule. 

4. Handle pipe with equipment such as nylon slings and padded skids, 
designed to prevent damage to the coating.  Repair abrasions and injuries to 
the coating prior to the application of insulation or prior to the application of 
final field coating. 

3.2 JOINTS AND JOINTING 

A. Welded Joints 

1. Weld joints in accordance with the AWWA C206 for Field Welding of Steel 
Water Pipe and AWS D1.1 Structural Welding Code.  Contractor shall 
provide adequate ventilation for welders and for Owner’s Representative to 
observe welds.  Unless otherwise specified, welds shall be full circle fillet 
welds.  Exterior joint welding shall be completed before application of field 
applied joint coating for pipe 42” and smaller.  It will be acceptable to weld 
the joint from the inside after the exterior joint coating and backfilling has 
been done for pipe 48” and larger, if it can be demonstrated that this 
procedure will not damage the exterior joint coating. 

2. A Welding Procedure Qualification shall be approved by the Owner’s 
Representative before welding of joints begins. The procedure shall be in 
accordance with AWWA C206 and AWS D1.1.   

3. Adequate provisions for reducing temperature stresses shall be the 
responsibility of the Contractor. 

4. If the Contractor chooses to use Weld after Backfill (W.A.B.), special 
techniques shall be used to limit damage to the exterior heat shrink sleeve.  
Hand (stick) welding shall be used.  The maximum heat input shall not 
exceed 23,000 joules.  One test joint shall be provided for each welder.  
After welding, the test joint shall be excavated to verify no unacceptable 
damage to the exterior heat shrink sleeve. 

5. After the pipe has been joined and properly aligned and prior to the start of 
the welding procedure, the spigot and bell shall be made essentially 
concentric by tacking to obtain a 1/8” maximum clearance tolerance around 
the periphery of the joint.  In no case shall the clearance tolerance be 
permitted to accumulate.   

6. Before welding, thoroughly clean pipe ends to bare metal.  All welding shall 
be hand welding to avoid damage to the heat shrink sleeve.  Welding shall 
be performed so as not to damage lining or coating.  Cover the lining and/or 
coating as necessary to protect from welding splatter. 

7. Furnish labor, equipment, tools and supplies, including shielded type 
welding rod.  Protect welding rod from any deterioration prior to its use.  If 
any portion of a box or carton is damaged, reject the entire box or carton. 
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8. In all hand welding, the metal shall be deposited in successive layers.  For 
hand welds, not more than 1/8” of metal shall be deposited in each pass.  
Each pass except the final one, whether in butt or fillet welds, shall be 
thoroughly bobbed or peened to relieve shrinkage stresses and to remove 
dirt, slag, or flux before the succeeding bead is applied.  Each pass shall be 
thoroughly fused into the plates at each side of the welding groove or fillet 
and shall not be permitted to pile up in the center of the weld.  Undercutting 
along the side shall not be permitted. 

9. Welds shall be free from pin holes, non–metallic inclusions, air pockets, 
undercutting and/or other defects. 

10. If the ends of the pipe are laminated, split or damaged to the extent that 
satisfactory welding contact cannot be obtained, remove the pipe from the 
line. 

11. Furnish each welder employed with a steel stencil for marking the welds, so 
that the work of each welder may be identified.  Have each welder stencil 
the pipe adjacent to the weld with the stencil assigned to him.  In the event 
any welder leaves the job, his stencil shall be voided and not duplicated if 
another welder is employed. 

12. Keep daily welding reports which identify the welder’s name and the joint 
welded.  Joints must be shown on the daily welding reports with the 
identification number assigned in the lay drawings (ex. ID#2).  Provide three 
copies of all daily welding reports to owner representative every month. 

13. Use only competent, skilled and qualified workmen.  Each welder employed 
by the Contractor shall be both ASW D1.1 and C206 certified according to 
the Welding Procedure Qualification approved for the project.  All welders 
shall have been certified within the last six months or shall provide a welding 
continuity log to be allowed to weld on the line. 

14. Inspections shall be made of joints in the line for each welder qualified 
above.  Any welder making defective welds shall not be allowed to continue 
to weld. 

15. Visual tests and magnetic particle tests in accordance with AWWA C206, 
ASTM E709 and E1444, shall be performed by an independent testing 
laboratory under the direction of Owner’s Representative on all field welded 
joints.  Certified Weld Inspector will be paid by the Owner.  Welds that prove 
to be defective will be replaced or repaired, whichever is deemed necessary 
by the Owner’s Representative, at Contractor’s expense. 

16. If the Contractor disagrees with the Owner’s Representative’s interpretation 
of welding tests, test sections may be cut from the joint for physical testing.  
The Contractor shall bear the expense of repairing the joint, regardless of 
the results of physical testing.  The procedure for repairing the joint shall be 
approved by the Owner’s Representative before proceeding. 
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17. Test double–welded butt–strap joints using the compressed air and soap 
method.  Following successful completion of the test, plug weld seal the 
threaded test fitting.   

B. Joining Methods – Flanges: 

1. Facing method: 

a. Insert slip–on flange on pipe. 

b. Assure maximum tolerances for flange faces from normal with respect to 
axis of pipe is 0.005 IN per foot of flange diameter. 

c. Test flanges after welding to pipe for true to face condition and reface, if 
necessary, to bring to specified tolerance. 

2. Joining method: 

a. Leave 1/8 to 3/8 IN of flange bolts projecting beyond face of nut after 
tightening. 

b. Coordinate dimensions and drillings of flanges with flanges for valves, 
pumps, equipment, tank, and other interconnecting piping systems. 

c. When bolting flange joints, exercise extreme care to assure that there is 
no restraint on opposite end of pipe or fitting which would prevent 
uniform gasket compression or cause unnecessary stress, bending or 
torsional strains being applied to cast flanges or flanged fittings. 

1) Allow one (1) flange free movement in any direction while bolts are 
being tightened. 

d. Do not assemble adjoining flexible coupled, mechanical coupled or 
welded joints until flanged joints in piping system have been tightened. 

e. Gradually tighten flange bolts uniformly to permit even gasket 
compression. 

f. Do not overstress bolts to compensate for poor installation. 

C. Joining Method – Couplings: 

1. Compression sleeve: 

a. Install coupling to allow space of not less than 1/4 IN but not more than 1 
IN. 

b. Provide harnessed joint. 

1) Use joint harness arrangements detailed in AWWA M11. 

c. Design harness assembly with adequate number of tie rods for test 
pressures indicated in Section 40 05 13 and allow for expansion of pipe. 

d. Provide ends to be joined or fitted with compression sleeve couplings of 
the plain end type. 

e. Grind smooth welds the length of one (1) coupling on either side of joint 
to be fitted with any coupling. 

f. Assure that outside diameter and out–of–round tolerances are within 
limits required by coupling manufacturer. 
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D. Joint Grouting and Testing for Pipe with Plant–Applied Mortar Lining:  Upon 
completion of backfilling of the pipe trench and inspection of interior welds, fill 
the inside joint recess with a stiff cement mortar.  Prior to placing of mortar, 
clean out dirt or trash which has collected in the joint, and moisten the concrete 
surfaces of the joint space by spraying or brushing with a wet brush.  Where the 
mortar joint opening is 1 inch or wider, such as where trimmed spigots are 
required, apply a bonding agent to mortar and steel surface prior to placing joint 
mortar.  Ram or pack the stiff mortar into the joint space and take extreme care 
to ensure that no voids remain in the joint space.  After the joint has been filled, 
level the surfaces of the joint mortar with the interior surfaces of the pipe with a 
steel trowel so that the surface is smooth. 

E. Do not allow steel plugs for threaded outlets to project beyond inner surface of 
pipe shell and seal weld by at least two passes.  Apply weld around outside of 
plug after it has been inserted in final position.  Coat outlets and plugs inside 
and outside as required at field joints on pipe. 

3.3 INSPECTION  

A. Include cost of inspection described in Paragraph 3.3, Inspection, in contract 
unit price for water line.  Furnish copies of certified inspection reports to 
Owner’s representative for review. 

B. Holiday Test and Adhesion Test:  Provide services of independent coating and 
lining inspection service or testing laboratory with qualified coating inspectors.  
Provide inspections by NACE trained inspectors under supervision of NACE 
Certified Coatings Inspector having Level III Certification. 

3.4 COATINGS AND LININGS INSPECTION RESPONSIBILITIES 

A. Contractor is responsible for quality control of coatings and linings applications 
and testing and inspection stipulated in this Section.  Owner’s representative is 
responsible for quality assurance and reserves right to inspect or acquire 
services of independent third–party inspector who is fully knowledgeable and 
qualified to inspect surface preparation and application of high–performance 
coatings at phases of coatings and linings, field– or shop–applied.  Contractor is 
responsible for proper application and performance of coatings and linings 
whether or not Owner’s representative provides such inspection. 

B. Cement Mortar Lining and Joint Finish:  Finished surface of lining and joint to be 
comparable to surface rubbed with No. 16 Carborundum stone.  Rub joint 
mortar sufficiently to bring paste to surface, to remove depressions and 
projections, and to produce smooth, dense surface.  Add cement to form 
surface paste as necessary.  Leave interior with clean, neat, and uniform–
appearing finish. 

3.5 FIELD REPAIR PROCEDURES AND SPECIAL FITTINGS APPLICATION FOR 
CEMENT MORTAR LINING 
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A. Areas less than or equal to 6 inches in diameter:  Patch honeycomb and minor 
defects in concrete surfaces with nonshrink grout.  Repair defects by cutting out 
unsatisfactory material and replacing with nonshrink grout, securely bonded to 
existing concrete.  Finish to make junctures between patches and existing 
concrete as inconspicuous as possible.  After each patch has stiffened 
sufficiently to allow for greatest portion of shrinkage, strike off grout flush with 
surrounding surface. 

B. Areas greater than 6 inches in diameter: 

1. Remove defective lining down to bare steel by chipping, making sure care is 
taken to prevent further lining damage.  Ends of lining where defective lining 
is removed are to be left square and uniform not feathered. 

2. Clean bare steel with wire brush to remove loose or other foreign matter. 

3. Remove existing wire reinforcement and replace.  Overlap new 
reinforcement to existing reinforcement by ½ inch.  Secure reinforcement, 
against wall of pipe, at frequent intervals, by tack welding to pipe. 

4. Prepare cement mortar mixture.  Mixture to compose of Portland Type II 
cement, sand, and water.  Proportions of sand to cement not to exceed 
three parts sand to one-part cement, by weight.  Use only enough water to 
obtain proper placement characteristics.  Set up time before mixture is to be 
discarded is to be no longer than ½ hour.  Nonshrink grout may also be 
used.  Do not use combination of cement mortar and nonshrink grout within 
same repair. 

5. Apply WELD–CRETE, or approved equal, concrete bonding agent to bare 
steel and interface of existing lining.  After bonding agent is applied to steel 
and lining new mix must be applied within 10 minutes. 

6. Apply cement mortar to repair area ½ inch thick then hand trowel to achieve 
smooth dense finish, making sure wire is not left exposed.  To ensure proper 
thickness while placing new mortar, check thickness with ½ inch long wire 
gauge. 

7. Curing:  Place plastic sheeting over repair area, use tape to adhere plastic 
to area surrounding repair area.  Let cure for 4 days then remove plastic 
sheeting. 

    END OF SECTION 
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SECTION 33 12 19 

FIRE HYDRANT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Dry-barrel fire hydrant. 

2. Adjustment of fire hydrants and gate valves. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 - General Requirements. 

3. Section 09 91 00 - Painting and Protective Coatings.  

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost 
in associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Water Works Association (AWWA): 

a. C502, Standard for Dry-Barrel Fire Hydrants. 

b. C550, Standard for Protective Epoxy Interior Coatings for Valves 
and Hydrants 

c. M17, Installation, Operation and Maintenance of Fire Hydrants. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics 
and administration of the submittal process. 

2. Product technical data: 

a. Acknowledgement that products submitted meet the requirements 
of the standards referenced. 

b. Manufacturer's installation instructions. 

c. Acknowledge and verify dimensions and provide list of integral 
parts and materials. 
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B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Mueller. 

2. American Flow Control. 

3. Waterous. 

B. Submit request for substitution in accordance with Specification Section 01 
25 13. 

2.2 FIRE HYDRANT 

A. Design and Fabrication: 

1. Conform to AWWA C502. 

2. Provide with either compression or gate design. 

3. Provide with a 5 IN valve opening, nozzle section consisting of two (2) 2-
1/2 IN hose nozzles and one (1) 4-1/2 IN steamer. 

4. Provide with water passages to permit full flow of water to minimize 
friction loss. 

5. Furnish with multiple weep holes for positive draining to allow water to 
escape readily from standpipe when hydrant valve is closed. 

6. Designed to throttle flow when partially opened. 

7. Designed to allow removal of valve and valve stem without digging up 
hydrant. 

8. Suitable for 5 FT of bury. 

9. Furnish with mechanical (gland type) joint inlet connections. 

10. Design to break off at ground line when struck by a vehicle. 

11. Furnish with O-ring packing only. 

12. Furnish hose and steamer nozzles with threads conforming to standard 
threads used by Owner’s representative. 

13. Furnish with direction of opening as required by Owner’s representative 
with direction of opening cast on dome. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install hydrants at locations indicated in accordance with AWWA M17 and 
the following: 

1. Remove foreign material from barrel of hydrant before placement. 

2. Install plumb and at same elevation as connecting pipe and main. 

3. Place each hydrant on a slab of concrete not less than 6 IN thick and 18 
IN SQ. 

4. Block backside of hydrant, opposite pipe connection, with concrete 
firmly wedged between hydrant and vertical face of undisturbed trench. 

5. Place granular bedding material around base of hydrant to the 
dimensions shown in the Drawings. 

6. Firmly tamp carefully compacted backfill around hydrant to surface of 
ground and to a distance of 5 FT in front of hydrant. 

3.2 COATINGS AND FINISHES 

A. Provide hydrant with below grade and above grade coatings as per 
Specification Section 09 91 00. 

1. Paint above grade with color conforming to the requirements of the 
Owner’s representative. 

END OF SECTION 
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SECTION 33 16 32 

RESERVOIRS - PRESTRESSED CONCRETE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Design and installation of two (2) 15.0 MG Type III circular prestressed 
concrete ground storage tanks (GST). In the case of conflict between this 
and other sections, the requirements of this section shall govern. Tank(s) 
shall be in compliance with AWWA D110. 

B. Related Specification Sections include but are not necessarily limited to 
following specifications. In the case of dispute between this specification and 
those referenced bellow, this specification, Section 33 16 32 - Reservoirs: 
Prestressed Concrete, will govern. 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 01 45 25 - Testing Concrete Structures for Watertightness. 

4. Section 01 81 10 - Wind and Seismic Design Criteria. 

5. Section 03 05 05 - Concrete Testing and Inspection. 

6. Section 03 11 13 - Formwork. 

7. Section 03 15 19 - Anchorage to Concrete.Section 03 21 00 - 
Reinforcement. 

8. Section 03 31 30 - Concrete Materials and Proportioning. 

9. Section 03 31 31 - Concrete Mixing, Placing, Jointing, and Curing. 

10. Section 03 35 00 - Concrete Finishing and Repair of Surface Defects. 

11. Section 33 05 05 - Hydrostatic Testing of Pipelines. 

12. Section 33 05 06 - Disinfection of Waterlines. 

13. Section 33 11 13.02 – Steel Pipe and Fittings for Large Diameter Water 
Lines. 

14. Section 31 23 00 - Earthwork. 

15. Section 33 46 13 - Subsurface Drain System 

16. Section 40 05 23 - Valves: Basic Requirements. 

17. Section 40 20 13 - Pipe: Miscellaneous Steel. 

18. Section 40 20 16 - Pipe: Ductile. 
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1.2 MEASUREMENT AND PAYMENT 

A. Unit Price. No separate payment will be made for this item. Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum). If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

C. See Specification 00 41 00 for Bid Pricing Form and unit price tabulation. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. The publications listed below form a part of this specification to the extent 
referenced. The publications are referred in the text by basic designation 
only. The latest revision of each publication shall be used. 

a. American Association of State Highway and Transportation Officials 
(AASHTO): 

1) AASHTO T-99, Standard for the Moisture - Density Relations of Soils 
Using a 5.5 lb (2.5 Kg) Rammer and a 12-inch (305 mm) Drop 
(Eighteenth Edition). 

b. American Concrete Institute (ACI): 

1) 301, Specification for Structural Concrete. 

2) 305R, Hot Weather Concreting. 

3) 306R, Cold Weather Concreting. 

4) 350, Environmental Engineering Concrete Structures. 

5) 350.3, Seismic Design of Liquid Containing Concrete Structures and 
Commentary. 

6) 372R, Design and Construction of Circular Wire and Strand - 
Wrapped Prestressed Concrete Structures. 

7) 506R, Guide to Shotcrete. 

c. American Society of Civil Engineers (ASCE): 

1) 7-10, Minimum Design Loads for Buildings and Other Structures. 

d. ASTM International (ASTM): 

1) A185, Standard Specification for Steel Welded Wire Reinforcement, 
Plain, for Concrete. 

2) A320, Standard Specification for Alloy-Steel and Stainless Steel 
Bolting Materials for Low-Temperature Service. 

3) A416, Standard Specification for Steel Strand, Uncoated Seven - 
Wire for Prestressed Concrete. 

4) A475, Standard Specification for Zinc-Coated Steel Wire Strand. 

5) A615, Standard Specification for Deformed and Plain Carbon-Steel 
Bars for Concrete Reinforcement. 
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6) A821, Standard Specification for Steel Wire, Hard Drawn for 
Prestressing Concrete Tanks. 

7) A1008, Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, 
Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with 
Improved Formability, Solution Hardened, and Bake Hardenable. 

8) B209, Standard Specification for Aluminum and Aluminum-Alloy 
Sheet and Plate. 

9) B241, Standard Specification for Aluminum and Aluminum-Alloy 
Seamless Pipe and Seamless Extruded Tube. 

10) C31 / C31M, Standard Practice for Making and Curing Concrete Test 
/ Specimens in the Field. 

11) C39, Standard Test Method for Compressive Strength of Cylindrical 
Concrete Specimens. 

12) C138, Standard Test Method for Unit Weight, Yield, and Air Content 
(Gravimetric) of Concrete. 

13) C173, (Rev. A) Standard Test Method for Air Content of Freshly 
Mixed Concrete by the Volumetric Method. 

14) C192 / C192M, Standard Practice for Making and Curing Concrete / 
Specimens in the Laboratory. 

15) C231, Standard Test Method for Air Content of Freshly Mixed 
Concrete by the Pressure Method. 

16) C309, Standard Specification for Liquid Membrane-Forming 
Compounds for Curing Concrete. 

17) C881, Standard Specification for Epoxy-Resin-Base Bonding 
Systems for Concrete. 

18) D1056, Standard Specification for Flexible Cellular Materials-Sponge 
or Expanded Rubber. 

19) D1752, Standard Specification for Preformed Sponge Rubber and 
Cork Expansion Joint Fillers for Concrete Paving and Structural 
Construction. 

20) D2000, Standard Classification System for Rubber Products in 
Automotive Applications. 

21) D4253, Standard Test Methods for Maximum Index Density and Unit 
Weight of Soils Using a Vibratory Table. 

22) D4254, Standard Test Methods for Minimum Index Density and Unit 
Weight of Soils and Calculation of Relative Density. 

e. American Water Works Association (AWWA): 

1) C652, Disinfection of Water-Storage Facilities. 

2) D110, Wire- and Strand-Wound, Circular, Prestressed Concrete 
Water Tanks (2013 Edition). 

f. American Welding Society (AWS). 

g. Corps of Engineers (COE): 
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1) CRD-C572, Specifications for Polyvinylchloride Waterstop. 

h. Federal Specification (FS): 

1) FS-TT-S-00227E, Sealing Compound Elastomeric Type, Multi-
Component (For Caulking, and Glazing in Buildings and other 
Structures). 

i. Geotechnical Reports (as Appendices to the Contract Documents): 

1) Central Pump Station Final Report, dated December 8, 2017, by HVJ 
Associates, Inc., Report No. HG1517629.1. 

2) Central Pump Station Phase II, by HVJ Associates, Inc., Report No. 
HG1517629.1. 

j. National Sanitation Foundation International (NSF): 

1) 61, Standard for Drinking Water System Components or Latest 
Edition or Revision Thereto. 

k. Occupational Safety and Health Administration (OSHA). 

l. Texas Commission on Environmental Quality (TCEQ): 

1) Rules and Regulations for Public Water Systems Latest Edition or 
Revision Thereto. 

m. Building code: 

1) International Code Council (ICC): 

a) International Building Code and associated standards, 2012 
Edition including all amendments, referred to herein as Building 
Code. 

(1) 2012 Edition applies to all scope except fire and life safety. 

(2) 2018 Edition applies to fire and life safety scope. 

B. Singular Responsibility: 

1. It is the intent of the specification to create singular responsibility for the 
design and construction of the prestressed concrete tank, foundations, and 
appurtenances. The design and construction of all aspects of the foundation 
floor slab, wall, prestressing, shotcrete, baffles, internal appurtenances, 
hatches, manways, underslab piping, underslab pipe encasement, 
connection of underslab piping to tank foundation, and dome roof of the 
prestressed concrete tank must be performed by the tank supplier. 

C. Qualifications: 

1. The company designing and constructing the tank (Tank Supplier): 

a. At least 10 years experience in design and construction of wire-wound 
circular prestressed composite tanks, AWWA D110, Type III precast 
concrete with a steel diaphragm. 

b. Has skill, reliability, and financial stability to build and warranty the tank 
in accordance with the Contract Documents. 
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c. Has constructed, in the past five (5) years, in its own name, and is 
presently responsible for a minimum of 10 dome covered prestressed 
composite tanks of 5 MG capacity or greater, which meet these 
Specifications and are now giving satisfactory service. 

d. Experience in the design and construction of AWWA D110 Type I, Type 
II, or Type IV tanks will not be considered as a qualification for designing 
and furnishing a Type III tank.  

2. Professional Engineer in responsible charge of engineering work: 

a. Five (5) years experience in design and field construction of circular 
prestressed composite tanks, AWWA D110, Type III precast concrete 
with a steel diaphragm. 

b. In responsible charge of engineering work to be done for tank design, 
construction, and testing. 

c. Registered in Texas. 

D. Certifications: 

1. Drawings and for the tank to be signed by Professional Engineer licensed in 
the State of Texas. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Manufacturer's installation instructions. 

3. Mill tests indicating ultimate and yield strength of all reinforcing bars, 
prestressing and post tensioning wires and cables, and any other steel 
components. 

4. Qualifications of Tank Supplier. 

B. Furnish applicable "Affidavits of Compliance" to Building Codes and OSHA 
Standards. 

C. Dimensioned, easily read full size (22 IN x 34 IN) drawings of concrete ground 
storage tank, including foundation and all associated earthwork, location of wall 
and roof penetrations, piping, piping appurtenances, details of connections, 
pipe supports, roof vent details, ladder details, architectural finish details, and 
coating system, signed and sealed by a Professional Engineer registered in the 
State of Texas. 

D. Design certificate signed and sealed by Professional Engineer licensed in the 
State of Texas that calculations have been performed in accordance with 
project criteria and standard engineering practices. 

E. All concrete design mixes. 
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F. Guarantee Document as specified in the WARRANTY Article. 

G. Detailed construction Drawings. 

H. Test reports for settlement, leakage, pipe pressure tests, and disinfection. 

I. Certification of outlet vortex suppression design as defined herein. 

J. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

1.5 WARRANTY 

A. The tank supplier will warrant workmanship and materials on the complete 
structural portion of the tank for a five (5) year period from date of Substantial 
Completion of the Work. 

1. In case leakage or other defects appear within the five (5) year period, the 
tank constructor to promptly repair the tank at its own expense upon written 
notice by the Owner that such defects have been found. 

2. Leakage is defined as a stream flow of liquid appearing on the exterior of the 
tank, or arising from flow through the tank foundation, the source of which is 
from the inside of the tank.  Leakage through the tank foundation shall be 
governed by the permissible leakage rate defined in Specification Section 01 
45 25. 

B. To satisfy the five (5) year warranty, tank constructor is required to furnish the 
Owner with a written company warranty for additional four (4) year period 
beginning one (1) year after the date of Substantial Completion of the High 
Service Pump Station. 

C. The Owner’s or Engineer’s review of the bidder's design, or the Owner's 
acceptance and final payment for the work is not to relieve the Tank Contractor 
of design responsibility. The Owner is to be the direct beneficiary of the 
warranty. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS - TANK CONSTRUCTORS 

A. Subject to compliance with the Contract Documents, the following tank supplier 
are acceptable: 

1. DN Tanks, Inc.; Wakefield, Massachusetts. 

2. Preload Company; Hauppauge, New York. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 
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2.2 MATERIALS 

A. Concrete: 

1. Concrete to conform to ACI 301. 

2. Cement to be Portland Cement Type II or I/II. 

3. Admixtures, other than air-entraining and water reducing admixtures, will not 
be permitted unless approved by the Engineer. 

4. Concrete for tank wall and dome construction to have a minimum 
compressive strength of 4000 PSI at 28 days.  All precast concrete to be air-
entrained.  The water/cement ratio shall not exceed 0.42. 

5. Concrete for the tank floor, footings, pipe encasement, and all other work 
shall have a minimum compressive strength of 4,000 PSI at 28 days.  The 
course and fine aggregate shall meet the requirements of ASTM C33.  The 
water/concrete ratio shall not exceed 0.42. 

6. Superplasticizer and water-reducing admixtures shall be incorporated into 
the floor concrete. Fibers shall be Microfiber by Grace, Stealth Fibers by 
Synthetic Industries, or equal. Fiber lengths shall be a maximum of 3/4 IN. 
The amount of polypropylene fibers added to the concrete mix shall conform 
to the manufacturer’s recommendations. 

7. Proportioning for concrete to be in accordance with ACI 301. 

8. Concrete used in precast, prestressed, concrete tank construction not to 
contain free chloride ions in excess of 0.06 percent of the weight of the 
cement in the mix. 

9. Concrete for tank wall construction to be placed at a slump of 3 IN plus or 
minus 1 IN, not to exceed 4 IN. Concrete for floor (and dome if applicable) to 
be placed at a slump of 4 IN plus or minus 1 IN. Higher slumps are 
allowable with the use of a high range water reducer. Admixtures to be 
accomplished in accordance with the requirements of Specification Section 
03 31 30 and Specification Section 03 31 31. 

B. Shotcrete: 

1. 28 day compressive strength not less than 4500 PSI.  Water/cement ratio 
shall not exceed 0.42. 

2. Cement:  Conform to Specification Section 03 31 30. 

3. Conform to ACI 506.2. 

4. Shotcrete for tank construction not to contain chloride ions in excess of 0.06 
PCT of the weight of the cement in the mix.   

5. Shotcrete used for encasing prestressing wire to consist of not more than 
three (3) parts sand to one (1) part portland cement by weight; shotcrete 
used for diaphragm cover, and additional coat for shotcrete, to consist of not 
more than four (4) parts sand to one (1) part portland cement by weight. 
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6. Polypropylene fibers shall be included in the shotcrete used for the finish 
covercoat. Fibers shall be Fibercast 500 by Propex, or equal.  Fiber length 
shall be 3/4 IN. The amount of the fibers added to the shotcrete used for the 
finish covercoat shall conform to the manufacturer’s recommendation. 

C. Prestress Wire: 

1. Cold drawn, high-carbon wire. 

2. Conform to ASTM A821. 

3. A minimum ultimate tensile strength of 210,000 PSI. 

4. Splices of horizontal prestressed reinforcement to be ferrous material 
compatible with the reinforcement and to develop the full strength of the 
wire.  Wire splice and anchorage accessories not to nick or otherwise 
damage the prestressing. 

D. Reinforcing Bars, Wire Mesh: 

1. Nonprestressed reinforcement shall conform to the requirements of ACI 350, 
Grade 60. Strand for seismic cables shall be galvanized and shall conform 
to the requirements of ASTM A416 prior to galvanizing, and ASTM A475 
after galvanizing.  

2. Conform to Specification Section 03 21 00. 

E. Steel Diaphragm: 

1. Provide vertically ribbed steel sheets with adjacent and opposing channels 
that provide a mechanical bond to the concrete. 

2. Diaphragm to have vertical channels with reentrant angles spaced not more 
than 3 IN apart and with depth of 3/8 IN.  Individual sheets within wall panel 
to be roll seamed. 

3. Conform to ASTM A1008. 

4. Minimum thickness:  0.018 IN (26 gauge). 

5. Provide a minimum of 4 IN of concrete on inside face of diaphragm. 

F. Elastomeric Materials: 

1. Waterstops that are polyvinyl chloride conforming to COE CRD-C572. 

2. Bearing pads conforming to ASTM D2000. 

3. Sponge filler conforming to ASTM D1056. 

4. Epoxy:  ASTM C881, Type III, Grade I. 

G. Prestressing Steel: 

1. Steel for prestressing:  Cold drawn, high carbon wire, meeting the 
requirements of ASTM A821. 

H. Decorative Coating 
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1. Water-based acrylic coatings per article 3.4 of this specification. 

2.3 DESIGN REQUIREMENTS 

A. GST 1 and 2: 

1. Design standards and codes: 

a. AWWA D110, Type III. 

b. Most recent OSHA Standards. 

c. Texas Commission on Environmental Quality (TCEQ) Rules and 
Regulations for Public Water Systems, latest revision. 

d. ACI Standard Specifications for Structural Concrete for Buildings, 
designation ACI 301. 

e. ACI Standard Building Code Requirements for Reinforced Concrete, 
Designation ACI 318/318R. 

f. ACI 350 Code Requirements for Environmental Engineering Concrete 
Structures and Commentary. 

g. ACI 350.3 Seismic Design of Liquid Containing Concrete Structures and 
Commentary. 

h. ACI 372R Design and Construction of Circular Wire- and Strand 
Wrapped Prestressed Concrete Structures. 

2. Characteristics (each tank): 

a. Liquid volume:  15.0 MG. 

b. Inside diameter:  264.0 FT. 

c. Finished floor elevation:  134.0 FT MSL. 

d. Overflow weir elevation:  171.0 FT MSL. 

e. Minimum tank freeboard to underside of roof at design maximum 
overflow conditions:  3 IN at maintenance (extreme) condition, 8 IN at 
design overflow condition.  Freeboard shall be calculated from the 
maximum water levels during overflow conditions. 

f. Weir overflow rate: 

1) Design condition:  69.2 MGD 

2) Maintenance (extreme) condition:  138.4 MGD 

g. Maximum head over weir: 

1) 8 IN during design condition. 

2) 13 IN during maintenance (extreme) condition. 

h. Maximum flow through tank: 

1) 138.4 MGD maximum inlet rate. 

2) 171 MGD maximum tank outlet rate. 

3) 123 MGD design tank outlet rate for design of outlet vortex 
suppression. 

i. Top of tank dome (maximum):  200.0 FT MSL. 
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j. Minimum thickness composite wall at base:  1 FT. 

k. Minimum thickness floor:  4 IN. 

l. Minimum thickness dome:  Not less than 3 IN for Cast-in-Place; not less 
than 4 IN for Pre-cast Concrete Domes and its associated joints. 

3. Design for earthquake resistance based on requirements listed in the 
Structural Notes in the Drawings. 

4. Design loads: 

a. Shall be as required by ASCE 7-10, minimum. 

b. Base design on dead load of reservoir plus water load inside and 25 
PSF, uniform load on entire roof area. 

5. Wind loads: 

a. See Structural General Notes in the Drawings. 

6. Design reservoir walls, foundations, sumps, and bottoms in accordance with 
the allowable soil bearing pressures, equivalent fluid pressures and other 
recommendations of the geotechnical report, unless otherwise indicated. 

7. Design foundations with the centroids of superimposed loads in their actual 
locations. 

8. Design for lowest mean ambient temperature of 32 DEGF and for 
temperature differential of 80 DEGF. 

9. Design to be in accordance with Texas Administrative Code Title 30 Chapter 
290 “Public Drinking Water”. 

10. Design prestressed tank wall as composite concrete wall using embedded 
mechanically bonded steel diaphragm in combination with vertical 
reinforcement. 

a. Continuous mechanically bonded steel diaphragm can be taken as 
effective vertical reinforcing. 

b. Prestressed concrete wall to be precast construction. 

c. Shotcrete core walls not permitted. 

11. Settlement: Tank is to be designed to accommodate the anticipated 
settlement as defined in the project geotechnical report. 

a. Tank supplier shall perform a finite element analysis (FEA), or pre-
approved equivalent analysis, to verify the structural design of the floor in 
response to the differential settlement data provided in the geotechnical 
report. 

1) The tank supplier shall provide a design for the floor that can tolerate 
within acceptable serviceability limits differential deflections equal to 
1.25 times the estimated differential deflections stated in the 
geotechnical report.  This additional factored differential settlement is 
only intended to be evaluated in accordance with the FEA/plate 
analysis as defined. 
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2) In the event design for this increased differential deflection requires 
an increase to either the amount of floor reinforcement or floor 
thickness, tank supplier shall identify in the tank submittal documents 
the increase(s) required by the differential settlements in excess of 
settlements estimated in the geotechnical report.  

3) This FEA shall be provided even if the differential settlement data 
provided in the geotechnical report (including increase stated herein) 
remains within the recommended limits stated in ACI 372, Appendix 
A, section A3.2. 

4) The floor FEA design shall appropriately reflect the thicknesses and 
thickness transitions within the floor structure included in the tank 
supplier’s design. 

2.4 ACCESSORIES 

A. Wall Access Hatches / Manways: 

1. Number required:  Four (4). 

2. Location:  As shown on Drawings. 

3. Material:  Stainless steel, ASTM Type 316. 

4. Minimum size:  42 IN diameter. 

5. Hatch centerline elevation:  As shown on Drawings. 

B. Ladders: 

1. Requirements:  OSHA. 

2. Locations: 

a. Exterior ladders:  As shown on Drawings. 

b. Interior ladders:  As shown on Drawings. 

3. Materials:   

a. Exterior ladders:  Aluminum with stainless steel anchors to concrete. 

b. Interior ladders:  Stainless steel, ASTM 316L. 

4. Ladders to be equipped with OSHA approved fall prevention devices 
consisting of a sliding, locking mechanism, and safety belt.  Provide two (2) 
safety belts.  Safety harness to be Miller Titan II T-Flex Stretchable Harness. 
Safety bar climbing system to be Miller GlideLoc Ladder Climbing System 
with GlideLoc Fall Arrestors. 

a. All components of fall protection devices at interior ladders shall be 
stainless steel. 

b. Internal ladders shall be furnished with stainless steel safety extension 
posts, similar to “Ladder-Up” posts manufactured by Bilco, or approved 
equal. 
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5. Exterior tank access ladders shall be furnished with lockable, hinged 
security plates to a minimum height of 8 FT above finished grade/foundation 
elevation at the ladder locations. 

6. Provide 2- piece access switch, normally closed rated 10A, 120YAB at 
security plates. 

C. Roof Hatches: 

1. Number required:  Three (3) per tank. 

2. Location:  As shown on Drawings. 

3. Material:  Coated anodized aluminum. 

4. Minimum Opening Size: 

a. Roof hatch at interior ladder: 42 IN (min.) x 48 IN (min.).  Longer 
dimension to be parallel to tank radius. 

b. Roof hatch at overflow weir:  42 IN x 42 IN. 

c. Enlarged roof hatch for maintenance access:  size as shown on the 
drawings. 

5. Hatch to overlap curb and terminate in a downward direction for at least 2 
IN. 

6. Sufficient space shall be provided between hatch lid and hatch base to allow 
for a 1 IN conduit to penetrate through the curb while not interfering with 
hatch operation.  Hatch to be tapped and conduit to be provided for access 
switch. 

a. Provide rotary access switch with roller lever heavy duty, 1NO/1NC, 
rated 10A, 120VAC. 

7. Hatch to have arrangements for keeping it locked in place. 

8. Opening to have raised curbing of at least 4 IN in height. 

9. All roof hatches shall be furnished with removable safety netting approved 
and OSHA-compliant for use as fall protection. 

D. Roof Vents: 

1. Number required:  2 (minimum). 

2. Size and configuration:  In accordance with TCEQ Regulations, tank design, 
and as shown on Drawings. 

3. Material: Aircraft aluminum. 

4. Sized to accommodate the maximum tank fill/drain rate (fill without 
concurrent drain, drain without concurrent fill), multiplied by a 50% safety 
factor. 

5. Vent to be vandal resistant model. 

6. Vent to have easily replaceable #16 mesh stainless steel insect screen. 
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7. Minimum vent throat diameter:  36 IN. 

8. Maximum pressure drop:  0.5 IN WC across each vent. 

9. Vent system to be designed by Tank Supplier. 

E. Instrumentation Connections through Tank Wall: 

1. Number required:  Four (4) per tank. 

2. Tank level indicator connection location and elevation:  As shown on 
Drawings. 

3. Three (3) spare SST blind flanged wall sleeves 6 IN diameter.  Locations as 
shown on Drawings. 

F. Nozzles on Tank Wall: 

1. Number required:  Three (3) per tank. 

2. 6 IN SST blind flanged sleeves. 

3. Spare nozzle locations:  As shown on Drawings. 

G. Sample Tap Connections: 

1. Number required:  One (1) per tank. 

2. Location/elevation as shown on the Drawings. 

3. Sample taps to be furnished with freeze protection. 

H. Waterstops: 

1. Materials: 

a. Extruded virgin polyvinyl chloride compound. 

b. Conform to COE CRD-C572. 

2. Fuse together butted joints of waterstops to ensure water tightness. 

I. Silt Stops:  Provide silt stop(s) at all discharge pipes and at other locations 
shown on Drawings. 

J. Aluminum Railings and Toe Boards: 

1. Materials: 

a. Pipe:  Aluminum 6063-T6,  

b. ASTM B241, Schedule 40. 

c. Sheet and plate:  Aluminum 6063-T6, ASTM B209. 

d. Fasteners:  Stainless steel, ASTM A320, Type 303, 304, or 305. 

2. Provide railings and toeboards for extent as shown on Drawings. 

3. Comply with AWS for welding. 

4. Comply with the Building Code. 

5. Comply with OSHA requirements and OSHA requirements. 
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6. Provide all anchorage systems for mounting on tank roof. 

7. Color:  Clear annodized. 

K. Conduit and Pipe Mounting Pads: 

1. Provide thickened concrete pads vertically along tank wall for mounting of 
conduits and piping.  Location and spacing as shown on Drawings or as 
required by design requirements. 

a. At a minimum, tank design shall include provision for 2 vertical runs of 
externally-mounted pipe or conduit, 3 runs of 3 IN DIA conduit at each. 

b. Details for thickened pad areas shall be in accordance with tank supplier 
design. 

L. Piping: 

1. The GST piping system consists of water piping within and under the tanks, 
to the minimum limits defined in part 3.2.H of this specification. 

2. Piping shall be in conformance with Specification Section 40 20 16 and 
Specification Section 33 11 13.02, except as noted below. 

3. All materials used in the GST piping system shall meet or exceed pressure 
test requirements specified herein. 

4. Inlet, Outlet, and Interconnect Piping: 

a. Size:  As shown on Drawings. 

b. Material:  Steel in accordance with Specification Section 33 11 13.02. 

c. Thickness:  Minimum thickness 1/4 IN. 

d. Coating:  In accordance with Specification Section 09 91 00. 

e. Lining:  Epoxy in accordance with AWWA C210. 

f. Support system for the inlet pipe shall be the responsibility of the tank 
supplier. 

g. Joining and Connections: 

1) In accordance with Specification Section 33 11 13.02. 

2) Gaskets flanged joints: AWWA C207. 

3) Use of mechanical grooved type couplings and fittings in lieu of 
flanged joints is not acceptable. 

h. Outlet Vortex Suppression Treatment: 

1) Tank supplier shall design and supply outlet vortex suppression as 
indicated on the drawings. 

2) Tank supplier design of outlet vortex suppression shall ensure that 
tank may be pumped at the rate rated defined herein without vortex 
formation to a level within 8 FT above the floor elevation at the outlet 
location. 

3) Tank supplier outlet vortex design results shall be included in tank 
supplier submittals. 
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M. Overflow and Drain Piping: 

1. Size:  As shown on the Drawings. 

2. Material: 

a. Steel:  In accordance with Specification Section 33 11 13.02. 

b. Ductile encased in concrete:  Specification Section 40 20 16. 

3. Thickness: 

a. Steel:  Minimum 1/4 IN. 

b. Ductile:  Pressure Class 250. 

4. Coating and Lining: 

a. Steel:  In accordance with AWWA C210 and Specification Section 09 91 
00. 

b. Ductile:  In accordance Specification Section 40 20 16 and Specification 
Section 09 91 00. 

5. Support system for the overflow pipe and all appurtenances shall be the 
responsibility of the tank supplier. 

6. Joining and Connections: 

a. In accordance with Specification Section 33 11 13.02. 

1) Gasket flanged joints:  AWWA C207. 

b. In accordance with Specification Section 40 20 16. 

1) Flanged, push-on mechanical joints (ductile iron):  Rubber, 
AWWA/ANSI C111/A21.11. 

N. Hydrostatic Testing (for piping):  Comply with Section 33 05 05. 

a.  

PART 3 - EXECUTION 

3.1 GENERAL 

A. Site Preparation: 

1. Provide positive surface drainage away from the location of all excavations 
to prevent surface water runoff from flooding the prepared site and 
excavations. 

2. All traffic, including proofrolling, should be avoided during extended periods 
of wet weather. 

B. Fill: 

1. Excavation and fill shall be done in accordance with Section 31 23 00. 

2. A geotextile separator such as Mirafi 1100N shall be placed on the exposed 
subgrade prior to placement of drainage layer, per the project specific 
geotechnical report.   
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3. Perform over excavation and place select fill in accordance with Section 31 
23 00 and as shown on Drawings. 

4. A drainage system (under drain) shall be placed around the bottom 
perimeter of the select fill.  The underdrain shall be provided in accordance 
with Specification Section 33 46 13.  Contractor is responsible for keeping 
underdrain free of standing water during construction prior to completion of 
storm sewers. 

5. After construction has been substantially complete and site fill made, outside 
of the tank area grade the site 4 IN lower than finished grade, clear ground 
surface of all foreign materials, then place 4 IN of topsoil to bring site to 
smooth finished grade indicated.  Place topsoil over all areas within limits of 
construction. 

6. Level washes, ruts, depressions, and mounds to give areas a smooth finish. 

3.2 CONSTRUCTION 

A. General: 

1. Do not use curing compounds on surfaces to which mortar or shotcrete is to 
be applied. 

B. Floor: 

1. Concrete membrane floors minimum of 4 IN thick. 

2. A minimum thickness of 8 IN of concrete required over all pipe encasements 
in concrete floor. 

3. Minimum reinforcement in each direction:  0.5 PCT of the concrete area. 

4. Use a clean, well-compacted granular base with a minimum thickness of 6 
IN. 

5. Apply not less than the minimum percentage (0.6 PCT) of reinforcing steel 
to thickened floor sections and extend a minimum of 2 FT into the adjacent 
floor. 

6. Floor slab shall be placed monolithically. 

7. Cure floor slab by flooding with water. 

a. Keep saturated throughout construction to the maximum extent possible 
and for a period of fourteen (14) day minimum after being poured. 

8. Vibrate and consolidate the floor slab so no air pockets or voids are present. 

9. Provide a bull float/fresno finish. 

10. No construction joints will be permitted in floor unless otherwise approved by 
Engineer. 

C. Precast Core Wall: 

1. Construct core wall of precast panels and vertical joints filled with shotcrete 
or cast-in-place concrete. 
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2. Provide a full length continuous waterproof steel diaphragm with no 
horizontal joints throughout and within the tank wall, located between the 
stored tank contents and the prestressing wires. 

a. Mechanically seam vertical diaphragm joints except where located 
between wall panels, where either mechanical seaming or sealing with 
polysulfide sealant may be employed. 

b. Seal all vertical diaphragm joints to be full watertight. 

c. Piercing of the diaphragm is not permitted except by design.  Completely 
seal penetrations with polysulfide sealant. 

d. Do not allow form ties pierce the diaphragm. 

3. Fabricate precast panels to the curvature of the tank radius. 

a. Tolerance in panel wall thickness:  -0 to +1/4 IN. 

b. Place concrete for each panel in one (1) continuous operation. 

4. Locate bearing pads and hold them in proper position prior to erection of 
wall panels. 

a. Do not nail pads. 

5. Properly secure sponge filler pads. 

a. Caulk all voids around bearing pads and sponge with a non-toxic sealant 
to prevent mortar seepage. 

D. Horizontal Prestressing: 

1. Place prestressing wire on the wall with a wire winding machine capable of 
consistently producing a stress in the wire within a range of ±7 PCT of the 
stress required by the design. 

a. No circumferential movement of the wire along the tank wall will be 
permitted during or after stressing the wire. 

b. Stressing may be accomplished by drawing the wire through a die or by 
other means that result in uninterrupted elongation, thus assuring 
uniform stress throughout its length and over the periphery of the tank. 

2. Temporarily anchor each coil of prestressing wire at sufficient intervals to 
minimize the loss of prestress in case a wire breaks during wrapping. 

3. Minimum spacing (center to center) of prestressing wires is 3/8 IN and a 
minimum clear space between wires of 5/16 IN or 1.5 wire diameters, 
whichever is greater. 

a. Respace any wires not meeting the spacing requirements. 

b. Do not place prestressing closer than 3 IN from the base of walls or 
floors where radial movement may occur. 

4. Displace the band of prestressing normally required over the height of an 
opening into circumferential bands immediately above and below the 
opening to maintain the required prestressing force. 

a. Bundling of wires is prohibited. 
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5. Joint ends of individual coils by suitable steel splicing devices capable of 
developing the full strength of the wire. 

6. A properly designed stress plate to be used at all permanent wall 
penetrations equal to or greater than 12 IN in height.  The stress plate is to 
accommodate a portion of the prestressing wires normally required for the 
height of the opening.  The remaining prestress wires normally required to 
be displaced into circumferential bands immediately above and below the 
penetration.  The effect of banded prestressing to be taken into account in 
the design. 

7. Use a calibrated stress recording device, which can be recalibrated, in 
determining wire stress levels on the wall during and after the prestressing 
process. 

a. Take at least one (1) stress reading per foot or one (1) stress reading for 
every roll of wire, whichever is greater, immediately after the wire has 
been applied on the wall. 

b. Record readings referring to the applicable height and layer of wire for 
which the stress is being taken. 

c. Contractor to keep a written record of stress readings and then deliver 
said record to the Owner. 

d. Make all stress reading on straight lengths of wire. 

e. If applied stresses fall below the design stress in the steel, provide 
additional wire to bring the stress up to the required design stress. 

f. If the stress in the steel is more than 7 PCT over the required design 
stress, the wrapping operation should be discontinued and adjusted. 

E. Shotcrete: 

1. Weather limitations:   

a. Comply with AWWA D110. Shotcrete is not to be placed in freezing 
weather without provisions for protection of the shotcrete against 
freezing.  Shotcrete placement can start without special protection when 
the temperature is 35 DEGF and rising, and must be suspended when 
the temperature is 40 DEGF and falling.  The surface to which the 
shotcrete is applied must be free from frost. Cold weather shotcreting to 
be in accordance with ACI 301 and ACI 306R.  

b. Hot weather shotcreteing to be in accordance with the requirements of 
ACI 301 and ACI 305R. 

2. Placement:   

a. Comply with ACI 506.2. 
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b. Shotcrete to be applied with the nozzle held at a small upward angle not 
exceeding five degrees and constantly moving during application in a 
smooth motion with the nozzle pointing in a radial direction toward the 
center of the tank.  The nozzle distance from the prestressing to be such 
that shotcrete does not build up or cover the front face of the wire until 
the spaces behind and between the prestressing elements are filled. 

c. Total covercoat thickness to be controlled by shooting guide wires.  
Vertical wires to be installed under tension and spaced no more than 2 
FT 0 IN apart to establish uniform and correct coating thickness.  Wires 
of 18 or 20 gauge high tensile strength steel or a minimum 100 LB 
monofilament line to be used.  Wires to be removed after placement of 
the covercoat and prior to finishing. 

3. Coating of steel diaphragm: 

a. Cover steel diaphragm with a layer of shotcrete at least 1/2 IN thick prior 
to prestressing. 

b. Total minimum coating over the steel diaphragm:  1-1/2 IN including 
diaphragm cover, wire cover and finish covercoat. 

4. Coating over prestressing wire: 

a. Individually encase each prestress wire in shotcrete of a thickness 
sufficient to provide a clear cover over the wire of at least 1/4 IN. 

b. Apply a finish coat of shotcrete as soon as practicable after the last 
application of wire coat. 

1) Total thickness of shotcrete:  Not less than 1 IN over the wire. 

c. Provide a natural gun finish. 

F. Tolerances: 

1. Out-of-plumb in total wall height:  ±1/2 IN. 

2. Out-of-round in diameter:  ±1 IN. 

G. Dome Roof: 

1. Construction to be cast-in-place or precast concrete construction compliant 
with AWWA D110.  Shotcrete dome construction not permitted. 

2. Columns or interior supports will not be allowed. 

3. Minimum shell thickness to be proportioned for buckling, but not less than 3 
IN for cast-in-place and 4 IN for precast and its associated joints. 

4. Construct dome roof to proper spherical curvature. 

a. Locate and configure construction joints to result in adequate strength. 

b. Dome design to be based upon elastic spherical shell analysis with a rise 
to span ratio within the range of 1:10 to 1:14. 

5. Design dome forms to resist all forces acting with respect to its sloped 
surface. 
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6. Do not remove any portion of formwork for domes until the concrete is of 
sufficient strength and until the full circumferential prestressing force has 
been applied to the dome ring. 

7. Apply a coat of curing compound conforming to ASTM C309 to the exterior 
dome surface of cast-in-place concrete immediately after completion of the 
final finishing operation. 

a. See Specification Section 03 31 31. 

 

H. Piping:  Inlet-outlet, drain, and interconnect piping shall be constructed by the 
Tank Supplier to the first flexible connections shown on the drawings exterior to 
the tanks (not inclusive of the flexible connections).  Overflow piping shall be 
constructed through connection to the overflow vaults, inclusive of flexible 
connections, supports and flap gates.  The Tank Supplier shall clearly delineate 
the scope of construction covered by the Tank Supplier’s design versus the 
scope of construction furnished by the General Contractor. 

3.3 FINISHES 

A. The tank to receive following finishes: 

1. Concrete Floor Slab:  Bull float and/or fresno finish. 

2. Precast Wall Panels, Internal:  Broom finish. 

3. Precast Dome Slots:  Light broom finish. 

4. Exterior:  Pneumatic mortar or nozzle finish. 

5. Cast-in-Place Dome Roof, Soffit:  Form finish. 

6. Cast-in-Place Dome Roof, Surface:  Broom finish with non-skid surface in 
select areas shown on Drawings. 

B. Non-skid surface to be created by embedding 5 LBS of 50 mesh dry silica sand 
per gallon into acrylic texture coating.  A broom finish is not considered a non-
skid coating.  Provide non-skid surface treatment where shown on the 
Drawings. 

C. Exterior wall and dome concrete to be a uniform color and texture. 

3.4 DECORATIVE COATING 

A. All exterior exposed concrete tank side walls and dome to be given a two (2) 
coat finish consisting of “Tammscoat Smooth” water-based acrylic or equal 
product.  Work to be performed by skilled workmen familiar with this type of 
work.  The acrylic of Tammscoat manufacturer’s application instructions to be 
submitted to the Engineer for approval.  Contractor is to confer with the 
manufacturer's representatives regarding application techniques and to follow 
manufacturer's printed instructions. 

B. Surfaces to be coated to be clean, free of all laitance, dirt, grease, and foreign 
material. All defective surfaces to be filled and/or repaired before coating. 
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C. Owner shall select color. 

3.5 FIELD QUALITY CONTROL 

A. Testing Reservoir Construction and Materials: 

1. Foundation soil support:  Place no concrete for floors or wall footings until 
subgrade approved by Engineer. 

2. Concrete: 

a. One (1) set of five (5) cylinders for each 60 CY of concrete, or fraction 
thereof placed in one (1) day, required. 

b. Test one cylinder at seven (7) days and two (2) at 28 days; hold two (2). 

c. With each set of cylinders: 

1) Make one (1) test for air-entrainment. 

2) One (1) test for slump. 

3. Concrete testing:  Comply with Specification Section 03 05 05. 

4. Shotcrete: 

a. Test in accordance with ACI 506.2. 

b. Make tests from the shotcrete as it is being placed. 

5. Prestressing:  Test prestressing per requirements of 3.2.D.7. 

B. Testing: 

1. Upon completion of the tank, clean tank of any excess debris, and fill tank 
with potable water for testing.  Water to be furnished by the Contractor.  
Raw water may not be utilized for leak testing or disinfection unless 
approved by TCEQ.  Approval shall be in the form of a written variance to 
Texas Administrative Code Title 30 Chapter 290.  

a. Monitor settlement during filling and testing, with daily surveyed 
elevations at each tank foundation benchmark. Re-survey elevations 
within one day after the emptying of tank following leak testing 
acceptance.  Thereafter, survey and record elevations immediately after 
tank is filled and placed in operation, and one month after start of 
operation. 

b. After the initial period, add makeup water as required and allow tank to 
stand for a minimum of 24 HRS. 

2. See Specification Section 01 45 25 for leak testing requirements. 

3. Disinfection: 

a. Prior to testing for leakage, thoroughly clean and flush tank interior.  
Remove all foreign matter from tank. 

b. Disinfect tank using Chlorination Method 1, Method 2, or Method 3 
described in AWWA C652.  Disinfection process to meet TCEQ 
regulatory requirements. 
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c. Water to be provided by Contractor.  Raw water may not be utilized for 
leak testing or disinfection unless approved by TCEQ.  Approval shall be 
in the form of a written variance to Texas Administrative Code Title 30 
Chapter 290. 

d. Comply with the requirements of AWWA C652, Chlorination Method 1, 
Method 2, or Method 3 for the disposal of disinfection water (paragraphs 
4.1.5 and 4.1.5.1). 

e. Coordinate with Owner collection of water samples for bacteriological 
analysis. Owner, when notified by Contractor, will collect water samples.  
Three (3) consecutive, satisfactory water samples required.  A 
satisfactory water sample is a sample analyzed and determined to meet 
State Department of Health criteria for bacterial analysis. 

f. Repeat disinfection and water sampling procedures, if necessary, until 
three (3) consecutive water samples meet State Department of Health 
criteria for bacterial analysis. 

g. Water samples to meet TCEQ requirements for bacterial analysis for 
potable water systems before tank will be accepted. 

h. Disinfection of piping shall comply with Section 33 05 06. 

END OF SECTION
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SECTION 33 32 13 

PACKAGE SEWAGE PUMPING STATION 

1. GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Package sewage pumping station, structural components, process 
equipment, piping, valves, electrical and control components, and 
appurtenant items. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract. 

2. Division 01 - General Requirements. 

3. Section 05 50 00 - Metal Fabrications. 

4. Section 08 31 00 - Access Doors 

5. Section 09 91 00 - Painting and Protective Coatings. 

6. Section 26 09 16 - Control Equipment Accessories. 

7. Section 26 24 19 - Motor Control Equipment.  

8. Section 26 28 00 - Low Voltage Overcurrent and Short Circuit Protective 
Devices.  

9. Section 40 05 05 - Equipment:  Basic Requirements. 

10. Section 40 05 13 - Pipe and Pipe Fittings:  Basic Requirements. 

11. Section 40 05 16 - Pipe Support Systems. 

12. Section 40 05 23 - Valves:  Basic Requirements. 

13. Section 40 20 13 - Pipe:  Miscellaneous Steel. 

14. Section 40 20 23 - Pipe: Plastic. 

15. Section 40 50 05 - Gate Valves. 

16. Section 40 50 30 - Check Valves. 

17. Section 40 91 10 - Primary Elements and Transmitters. 

18. Section 40 97 00 - Control Auxiliaries. 

19. Section 40 98 00 - Control Panels and Enclosures.  

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost 
in associated items for this project. 
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B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A48/A48M, Standard Specification for Gray Iron Castings. 

c. A276, Standard Specification for Stainless Steel Bars and Shapes. 

d. D3753: Standard Specifications for Glass-Fiber Reinforced 
Polyester Manholes and Wet Wells. 

e. D883: Standard Terminology Related to Plastics. 

2. Hydraulic Institute: 

a. Standards for centrifugal, rotary, and reciprocating pumps. 

3. American Welding Society (AWS): 

a. A5.1, Specification for Carbon Steel Electrodes for Shielded Metal 
Arc Welding. 

b. D1.1, Structural Welding Code - Steel. 

4. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

b. ICS 6, Enclosures for Industrial Control and Systems. 

5. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC). 

b. 820, Standard for Fire Protection in Wastewater Treatment and 
Collection Facilities. 

6. Occupational Safety and Health Administration (OSHA). 

7. Underwriters Laboratories, Inc. (UL). 

B. Qualifications: 

1. Manufacturer shall be regularly engaged in the manufacture of 
packaged sewage pumping stations for not less than five (5) years. 

2. Structural design of the pumping station shall be accomplished by a 
structural engineer registered in Texas. 

C. Single Source Responsibility: 

1. Provide single source responsibility for all station components and 
systems through supplier of package pump station. 
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1.4 SYSTEM DESCRIPTION 

A. The package sewage pumping station for this project shall be a prefabricated 
grinder pump package consisted of the following major components and as 
indicated on plans: 

1. Wet well. 

2. Pumps . 

3. Interior and above ground piping, valving and pipe supports. . 

4. Electrical, instrumentation, and control systems. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics 
and administration of the submittal process. 

2. See Specification Section 40 05 05. 

3. Scaled (1/4 IN = 1 FT minimum) fabrication and/or layout drawings 
(plans) and Specification Section(s) showing all equipment piping, 
mechanical and electrical components. 

4. Complete set of scale drawings detailing dimensions of heights, 
diameter, elevation to invert, pipe sizes and any other necessary details. 

5. Information as required by other related narrow-scope Specification 
Sections. 

6. Submit Shop Drawing for station and all mechanical, electrical, and 
instrumentation components, complete, in single, coordinated submittal. 

a. Provide separate tabs for each major section of work being 
provided. 

7. Submit buoyancy calculations for Fiberglass Reinforced Polyester (FRP) 
wet well sealed by a Texas PE assuming a flooded condition at finish 
grade for an empty wet well. Structural design and analysis submittals 
will include analysis showing a minimum safety factor of 3:1 for 
longitudinal/axial buckling of the wet well side wall. 

B. Certifications: 

1. Provide Owner with a written certification that station has been installed 
properly and started up and is ready for operation by Owner's personnel. 

2. Factory checkout certification for all systems in pump station. 

C. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 
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1.6 SITE CONDITIONS 

A. See geotechnical report for site high water level elevation. 

1.7 WARRANTY 

A. Provide Owner with manufacturer's warranty guaranteeing pumping station 
to be free from defects for five (5) years from date of Substantial Completion. 

2. PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Grinder Pumps:  

a. Pentair Myers model VS50 

b. Crane 

c. Flygt 

2. Package Sewage Pump Station:  

a. Pump of Houston Enviro-Station 

b. Approved or equal 

B. Submit request for substitution in accordance with Specification Section 01 
25 13. 

C. See referenced Specification Sections for acceptable manufacturers for other 
pump station components. 

2.2 MATERIALS OF CONSTRUCTION 

A. See referenced Specification Sections for materials of construction for station 
components not defined in this Specification Section. 

B. Wet Well: FRP  

1. Wet well shall be manufactured with 100% premium resin (highly cross-
linked isophthalic polyester or terephthalic polyester resins only), and 
chopped glass.  No fillers or extenders will be used.   

2. The resin shall be suitable for continuous immersion in sewage in the pH 
range of 3 to 11 and concentrations of H2S found in municipal sewer 
systems.  Resins shall be suitable for sulfuric acid concentrations to 20% 
of solution in waste stream. 

C. Access Frame and Cover: Aluminum. 

D. Anchor Bolts, Nuts and Washers:  316 stainless steel. Anchor bolts shall be 
Hilti Heavy Duty Expansion type, ½” dia. 6” length 

E. Ultrasonic Level Transducer: See Specification Section 40 91 10. 

F. Float Switches and Switch Support: See Specification 40 91 10. 
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G. Conduits:  PVC coated rigid galvanized steel 

H. Pump Components: 

1. Pump case:  Cast iron, ASTM A48, Class 30. 

2. Motor housing:  Cast iron, ASTM A48, Class 25 or Class 30. 

3. Impeller:   

a. 316 Stainless Steel,  

b. Cast iron, ASTM A48, Class 30. 

c. Bronze, ASTM A48. 

4. Discharge Elbow: ASTM A48, Class 30, grey cast iron. 

5. Shaft: 

a. Stainless steel, ANSI, Series 300 or 400. 

b. Carbon steel C1035 is acceptable if not contacting pumped fluid. 

6. Wear rings:  Brass or Nitrile V rubber. 

7. Guide rails: Schedule 40, Series 300 stainless steel. 

8. O-rings:  Nitrile (Buna-N) or fluorocarbon (Viton). 

9. Fasteners:  316 Stainless steel. 

10. Lower ring seal:  Tungsten-carbide both faces. 

11. Upper ring seal:  Tungsten-carbide both faces or carbon and ceramic or 
carbon and Ni-resist. 

12. Seal metal parts:  Stainless steel. 

I. Check Valve:  

1. See Section 2.3, Swing Check Valves in Specification Section 40 50 30. 

2.3 PUMP STATION COMPONENTS 

A. FRP wet well: 

1. Factory assembled. Wet Wells shall be one piece units manufactured to 
meet or exceed all applicable specifications of ASTM D3753 suitable for 
sanitary service and occasional containment of 8% sodium hypochlorite. 

2. Dead load design criteria:  Soil and hydrostatic loadings associated with 
burial depth shown on Drawings. Designed and constructed to withstand 
or exceed wall collapse and buckling with a 3:1 safety factor, based on 
the field geotechnical report of the site specific soil conditions. 

3. Support accessory equipment such as submersible pumps, rails, and 
valves as shown on drawings. 

4. Vented to atmospheric pressure. 

5. Live load design criteria:  H20 truck. 
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6. Nominal shape and dimensions:  As shown on Drawings. 

7. The following pertinent average material properties shall be used in 
analysis for fiberglass composite in the wet well. 

a. Tensile Modulus  600,000 psi 

b. Flexural Modulus  900,000 psi 

c. Tensile Strength  10,000 psi 

d. Compressive Strength 18,000 psi 

e. Poisson’s Ratio   0.33  

8.  Chamber floor to be mounted on a concrete slab and bolted to prevent 
floatation of empty wet well under a flooded condition at finished grade.  

9. Include piping stub-outs through walls as indicted in the drawings.  

B. Wet Well Ceiling: 

1. Wet Well ceiling to be FRP. 

2. Include two (2) ANSI flanged piping stub-outs as indicated in the 
drawings to be installed by the manufacturer. 

3. Include 4-inch penetration for  four (4) float level switches as indicated in 
the drawings.  

4. Include provisions for weatherproof NPT vent with 16 mesh stainless 
steel bug screen, sized for 3 times the pump capacity indicated as 
shown in schedule. 

C. Access Cover: 

1. Fit weatherproof aluminum access frames and covers into top of wet 
well.  Include stainless steel hardware.   

2. Covers to be equipped with padlock hasp, hold open arm, safety net and 
stainless steel hinges. 

3. Self locking upon closing, but can be opened from the inside underside 
of cover. 

D. Pumps: 

1.  General 

a. Provide pumps capable of handling raw, unscreened sewage. 

b. Pumps to grind solids as an integral part of the pumping action. 

c. Design pumps to minimize clogging and jamming under all normal 
operating conditions including starting by reducing solids to a fine 
slurry to pass through a 3 IN diameter pipe. 

d. Where watertight sealing is required, machine and fit mating 
surfaces with O-rings. 
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e. Provide with heavy duty lift lugs or hoisting bail designed for lifting 
the entire pump and motor assembly. 

f. Pumps shall be non-overloading throughout the entire operating 
range.  

2. Impeller: 

a. Provide grinder-type dynamically balanced impeller in accordance 
with HI standards. 

b. Provide pump out vanes to reduce seal area pressure, and to draw 
lubricant down from the reservoir should seal leakage occur. 

c. Provide impeller and volute wear rings as necessary to assure 
efficient sealing between volute and impeller. 

3. Shaft: 

a. Design pump shaft of sufficient size to transmit full driver output. 

b. Use shaft which is accurately machined and constructed with 
sufficient materials. 

c. Design shaft for a maximum deflection of 0.002 IN measured at the 
stuffing box. 

4. Shaft Seal: 

a. Specifier:  Larger pumps use tandem seals, smaller (generally 3 or 
4 IN and less) use double seals. 

b. Seal shaft with double mechanical seal, or two independent, 
tandem mounted seals running in an oil filled chamber. 

c. Provide seals requiring neither routine maintenance nor 
adjustment, but capable of being easily inspected and replaced. 

d. Hold interface in contact by its own spring system. 

5. Bearings: 

a. Support shaft on upper, intermediate, and lower permanently 
lubricated bearings with a minimum B-10 life of 50,000 HRS. 

6. Motors: 

a. Provide pump with FM or UL listed motor designed for area 
classification shown on Drawings. 

b. Provide motor of totally submersible squirrel cage induction design, 
constructed with epoxy or poly-seal encapsulated windings, air-
filled or dielectric oil filled, with Class F insulation and rated for 
continuous duty operation. 

c. Motor shall be 3 PH, 60 cycle, 480 V. 
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d. Assure motor is capable of running dry for extended periods without 
damage to motor or seal. 

7. Guide Rails and Brackets 

a. Sliding guide bracket flange thickness: Minimum ¼ IN. 

b. Provide sliding guide bracket integral to pump unit which properly 
aligns the pump discharge with the discharge connection elbow for 
watertight seal during pumping. 

c. The guide rail(s) shall not support any portion of the weight of the 
pump. 

d. Design pump to allow for removal without entering the wet well and 
without removal of bolts, nuts or other fastenings. 

e. Guide rails to be minimum 1.5-inch Schedule 40 stainless steel 
pipe. 

f. Stainless steel bolts to be ASTM A276 type 316. 

g. Furnish guiding rail assembly and the discharge flange assembly of 
nonsparking components. 

h. Provide necessary sliding guide bracket and discharge connection 
which, when bolted to the floor of the sump and to the discharge 
line, will receive the pump discharge connecting flange without 
need of adjustment, fasteners, clamp, or similar devices. 

8. Lifting Cable 

a. Furnish ¼ IN thick stainless steel cable sized by pump 
manufacturer for each unit. 

b. Secure with ASTM A276 type 316 stainless steel fittings. 

c. Provide chains or cable of sufficient strength to lift pumps from 
sump. 

9. Power and Control Cables: 

a. Provide power cable and control cable to pump suitable for 
submersible applications in wastewater and indicate same by a 
code or legend permanently embossed on cables. 

b. Size cables in accordance with applicable NEC specifications. 

c. Provide single length power cable and control cable. 

d. Provide each cable with a strain relief, cord grip, and explosion-
proof seal installed in accordance with NEC Article 500. 
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10. Temperature and Moisture Sensors: 

a. Furnish each phase of the motor with a temperature monitor 
embedded in the motor windings. 

b. Arrange controls so as to shut the pump down and sound alarm 
should any one of the monitors detect high temperature with 
manual reset once the stator temperature returns to normal. 

c. Set temperature of the temperature monitors at not higher than 90 
percent of insulation temperature rating. 

d. Provide electrical probe as needed for detecting the presence of 
water in the seal chamber and motor housing. 

e. If water enters, the moisture probe shall energize electrical circuit to 
shut down pump and sound alarm circuit for external alarm. 

E. Coatings: 

1. Wet pit applications:  Apply polyamidoamine epoxy system to the exterior of 
the pump casing and motor housing as specified in Specification Section 09 
91 00. 

2. Protect all metallic surfaces coming into contact with sewage except 
stainless steel and bronze by a corrosion-resistant coating. 

F. Piping, Valving and Pipe Supports 

1. Piping, valving, and pipe support configuration to be as shown in plans.  

2. Piping: 

a. See Specification Section 40 05 13 for piping basic requirements. 

b. See Specification Section 40 20 13 for steel piping. 

c. See Specification Section 40 20 16 for ductile iron piping. 

d. See Specification Section 40 20 23 for PVC piping. 

3. Valving: 

a. See Specification Section 40 05 23 for basic valve requirements. 

b. See Specification Section 40 50 05 for gate valves. 

c. See Specification Section 40 50 30 for check valves. 

4. Pipe supports:  See Specification Section 40 05 16. 

G. Electrical and Control Systems: 

1. Power distribution: 

a. Wiring:  Copper conductor with type XHHW insulation. 
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b. Starters:  Combination magnetic type with MCP type circuit breaker 
disconnect, NEMA full size rated with ambient compensated 
thermal type overload relay with external reset button and 
oversized control power transformer. 

c. Service disconnect for station:  Thermal magnetic circuit breaker 
sized and located per NEC. 

d. Install wiring in accordance with NEC, NEMA and applicable local 
codes. 

e. Provide selectively polarized, grounded convenience outlets 
located close to equipment having plug-in power connection such 
as sump pump and dehumidifier. 

f. Provide short conduit leads of flexible, liquid-tight polyvinyl covered 
steel with compatible grounding fittings between the fixed conduit 
and mechanical equipment requiring power. 

g. Provide duplex safety grounding receptacle on side of pump control 
panel installed in a weatherproof while-in-use enclosure. 

h. Install all wiring outside of control panels in PVC coated rigid 
galvanized steel conduit except for 115 V items which are provided 
with power cords for receptacle power. 

i. Furnish thermal magnetic circuit breakers for branch disconnect 
service, over current protection of all motor controls and all auxiliary 
circuits. 

1) Label switches using phenolic nameplates. 

2. Control components: 

a. Pump control panel: 

1) See specification sections: 26 09 16, 26 24 19, 26 28 00, 40 
97 00, and 40 98 00. 

2) Furnish and install locally mounted automatic control panel 
rated for area classification. 

3) Include combination motor circuit protector circuit breaker type 
controller with short circuit, overload, and three overload 
relays, interior mounted motor start(s), and transformer with 
disconnect and overload protection for control circuit of 
24VDC. 

4) Provide a NEMA 4X, 316 stainless steel watertight enclosure 
with continuous hinge, neoprene gasket in cover and 
continuous seam weld.  Include three-point locking mechanism 
complete with padlock. 
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5) Exterior of control panel shall be dead front. All selector 
switches and indicating devices shall be mounted on a swing-
out panel installed inside control panel. 

6) Phenolic nameplate for each panel face component. 

7) Operator devices to be heavy duty oil tight design. 

8) Push buttons and selector switches to have NEMA A600 rated 
contacts. 

9) Indicating lights to be LED push-to-test type. 

a) Provide red lens for on or running, green for off or stopped 
and red for alarm. 

10) Utilize plastic sleeve type wire markers to identify all wires. 

a) Identify circuit number, function and polarity. 

11) Swing-out panel mounted components: 

a) HAND/OFF/AUTO switch for each wastewater pump. 

b) Status indicating light for each pump. 

c) Alarm status lights for high and low wet well. 

d) Alarm condition of each pump. 

e) Six (6) digit non-resettable running time indicator for each 
wastewater pump. 

f) Float switch test buttons. 

g) Phase failure indicating light. 

h) Phase failure relay bypass switch. 

12) The following contacts wired to terminal blocks for connection 
to the facility’s SCADA system:  

a) Pump No. 1 Running  

b) Pump No. 2 Running 

c)  Pump No. 1 Failure 

d)  Pump No. 2 Failure 

e)  General Failure Alarm 

f)  High Level Alarm 

g)  Low Level Alarm 

13) Provide the following accessories: 

a) Lightning protection. 

b) Condensation heater. 
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c) Power ON control relay. 

d) Power OFF control relay. 

e) 100 watt utility light outlet. 

f) Phase failure relay.  

14) Provide pedestal mounting for control panel. 

b. Control system: 

1) Provide float level switches to be primary control elements,  

2) Level Control System: 

a) See Specification Section 40 91 10 for basic requirements 

b) Controller shall be capable of communicating over 
Modbus for implantation into the facility’s SCADA system. 

c) See drawings for pump control operation sequence 

3) Floats: 

a) Provide four (4) field adjustable floats in wet well for 
emergency high and low level alarms. 

b) See Drawing for float function and respective elevation. 

c) Level switches: See Specification section 40 91 10. 

d) Provided complete with flexible electrical cable length 
required for application fastened to 15 lbs weight at the 
bottom. 

e) DPST Contact rated at 4.5 A at 120 Vac. 

f) Terminate cables in junction box. 

g) Provide float with large radius top at electrical cable 
connection to assure trouble-free operation. 

h) Provide an intrinsically safe relay for each level control 
circuit to reduce the energy in the circuit to the point that 
no spark is created by switching. 

H. Miscellaneous: 

1. Anchor bolts: 

a. Size and number to be determined by station manufacturer. 

b. Sized to resist uplift on station due to hydrostatic forces. 

2. Alarm beacon: 

a. Rotating sealed beam incandescent type. 

b. 200 W, 120 Vac. 

c. Metal globe guard enclosing red lens. 
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d. UL listed for outdoor use. 

2.4 CORROSION PROTECTION 

A. Commercial blast clean inside and outside surfaces of access frames to 
surface preparation requirements defined in Specification Section 09 91 00. 

B. Factory paint all interior equipment and piping in accordance with 
Specification Section 09 91 00. 

2.5 SOURCE QUALITY CONTROL 

A. Testing: 

1. All components of pump station shall be given an operational test at 
factory and field to check for excessive vibration, for leaks in piping or 
seals, and for correct operation of automatic control system and 
auxiliary equipment. 

a. Correct all deficiencies. 

2. Operate pumps for at least 1 HR under simulated service conditions. 

3. Adjust automatic control to start and stop pumps at approximate levels 
required by job conditions. 

2.6 MAINTENANCE MATERIALS 

A. See individual equipment specifications. 

B. Touch up kit for coating field welds and for repair of scratches. 

3. EXECUTION 

3.1 INSTALLATION 

A. Attach package pump station to concrete base with anchor bolts. 

B. Install concrete under entire pump station floor in accordance with 
manufacturer's instructions. 

C. Seal annular space between wall sleeves and piping/conduit with modular 
mechanical seals for watertight seal. 

D. Seal all conduits between classified and unclassified areas in accordance 
with NEC. Install external conduit sealing bushings (CSBE) around all cables 
entering wet well.  Install duct seal around all cables entering the control 
panel. 

E. Terminate level switch cables in common junction box located in pump 
chamber. 

F. Install floats at elevations shown on Drawing. 

G. Make main power connection to station in accordance with NEC. 

H. Perform all welding in accordance with AWS D1.1. 

I. Use Series E70 electrodes conforming to AWS A5.1 for all welding. 
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3.2 FIELD QUALITY CONTROL 

A. Coordinate and pay for the services of a factory trained representative for a 
maximum period of 16 HRS to perform the initial start-up of the lift station, 
and instruct personnel who will be operating the lift station in the required 
maintenance and service procedures. 

3.3 SCHEDULE 

See Attachment. 

END OF SECTION 

 



WHCRWA 

CENTRAL PUMP STATION PACKAGE SEWAGE PUMPING STATION 

WHCRWA CENTRAL PUMP STATION 
PACKAGE SEWAGE PUMPING STATION 

33 32 13 - 15 OF 16 

 Attachment 

 

1. Equipment tag: CPS-07-LSP1-01001 

a. Pump Size: 3 inches 

b. Rated hp: 5 

c. Rated Speed: 3500 rpm 

d. Minimum efficiency: 55% 

e. Design flow: 120 gpm 

f. Design TDH: 30 ft 

g. Minimum dead head: 75 ft 

h. Minimum run-out capacity: 130 gpm 

i. Service: Unscreened sanitary sewage 

2. Equipment tag: CPS-07-LSP2-02001 

a. Pump Size: 3 inches 

b. Rated hp: 5 

c. Rated Speed: 3500 rpm 

d. Efficiency: 55% 

e. Design flow: 120 gpm 

f. Design TDH: 30 ft 

g. Minimum dead head: 75 ft 

h. Minimum run-out capacity: 130 gpm  

i. Service: Unscreened sanitary sewage 

 

END OF SECTION 
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SECTION 33 40 00 

STORM DRAINAGE SYSTEM 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Storm drainage systems. 

2. Storm drainage pipe. 

3. Inlets, headwalls, flumes and flared end sections. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 31 21 33 - Trenching, Backfilling, and Compacting for Utilities. 

4. Section 40 20 26 - Pipe: Reinforced Concrete. 

1.2 MEASUREMENT AND PAYMENT 

A. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. C361, Standard Specification for Reinforced Concrete Low-Head 
Pressure Pipe. 

b. C969, Standard Practice for Infiltration and Exfiltration Acceptance 
Testing of Installed Precast Concrete Pipe Sewer Lines 

2. Standard Specifications for Road and Bridge Construction for the State of 
Texas: 

a. Standard Details. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 
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2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

3. Certifications. 

4. Test reports. 

5. Submit all tests and certification in a single coordinated submittal. 

a. Partial submittals will not be accepted. 

B. Submit schedules and details for structures and joints. 

1.5 WARRANTY 

A. Warrant that the infiltration will not exceed the amount specified in the 
Exfiltration Test paragraph in the FIELD QUALTIY CONTROL Article in PART 3 
of this Specification Section during the one (1) year correction period. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. See Specification Section 40 20 26. 

2. Cold applied asphalt joint: 

a. Kalktite 340 Compound. 

b. Tufflex. 

c. Plastico. 

3. Preformed flexible pipe joint sealing compound: 

a. RAM-NEK. 

b. BIDCO C-56. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Poly Vinyl Chloride (PVC): 

1. Materials: PVC 

2. Reference: ASTM D1784 

3. Linings: None. 

4. Coatings: ANSI A21.16 (AWWA C116). 

5. Fittings: ASTM D3212. 
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B. Reinforced Concrete Pipe (RCP): 

1. Reinforced concrete culvert, storm drain and sewer pipe: ASTM C76, Class 
as indicated on pipe schedule. 

C. Reinforced Concrete Box (RCB): 

1. Reinforced concrete box and storm drain: ASTM C1577, Class as indicated 
on pipe schedule. 

D. RCP and RCB Joint Sealer: 

1. Tongue and grove joints for RCB: ASTM C990. 

2. Joints for RCP: ASTM C443. 

3. Flexible Joint Sealant: ASTM C990. 

4. Rubber gasket for RCP: ASTM C361. 

5. Rubber gasket for RCB: ASTM C1677. 

E. Flared End Sections: 

1. Conform to TxDOT specifications. 

2. Bituminous coated: AASHTO M190, Type A. 

3. Jointing:  Same as pipe. 

F. Concrete and Reinforcement for Inlets, Headwalls, and Flumes: 

1. Comply with Division 03.  

2. Conform to Drawings. 

G. Concrete and Reinforcement for Concrete Flared End Sections: 

1. Comply with Division 03.  

2. Conform to Drawings. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Comply with Specification Section 31 21 33. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Comply with Specification Section 31 21 33. 

3.3 FIELD QUALITY CONTROL 

A. Verify and coordinate installation. 
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B. Exfiltration Test (per ASTM C969): 

1. Perform an exfiltration test on each reach of sewer between manholes. 

a. Test the first reach after backfilling and prior to installing any of the 
remaining pipe, or any additional reach. 

b. Single or multiple reaches may be tested thereafter, at Contractor's 
option. 

c. Subject each manhole to at least one test. 

d. Provide all necessary piping between the reach to be tested and the 
water supply, and other necessary materials and equipment. 

e. Air testing may be allowed. 

1) Submit complete information to Owner’s representative for review 
describing the proposed test method, scheduling, and duration, 
including the method of testing manholes before beginning testing. 

2. Procedure: 

a. Block off all manhole openings, except those connecting with the reach 
being tested. 

b. Fill the line. 

1) Average depth:  10 FT above invert, except as required by manhole 
depth. 

2) Depth at lower end:  25 FT maximum above crown. 

3) Depth at upper end:  5 FT minimum above crown. 

c. Add and measure water as required to maintain a constant level. 

1) Exfiltration:  100 GAL maximum per inch of nominal diameter per mile 
per day. 

2) Manholes are considered section of 48 IN pipe. 

d. Maintain test for at least 2 HRS, or as long as necessary in Owner’s 
representative's opinion, to locate all leaks. 

3. Repair and retest any reach that exceeds the allowable exfiltration. 

C. Infiltration Test (per ASTM C969): 

1. If at any time prior to expiration of the correction or warranty period 
infiltration exceeds 200 GAL/IN of nominal DIA/mile/day, locate the leaks 
and make repairs. 
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D. Post-Installation Television Inspection 

1. Prior to final acceptance of newly constructed storm sewers, perform 
cleaning and closed circuit television inspection.  Cleaning shall include 
utilizing variable pressure water nozzles (3000 psi) and collection, removal, 
transportation and disposal of sand, debris, and liquid wastes to legal 
disposal sites. 

2. Gravity flow storm drains are required to have a straight alignment and 
uniform grade between manholes.  Television inspections will be used to 
ensure proper joint alignment and that all obstructions have been removed 
from the storm sewer.  

3. Select and use closed-circuit television equipment that will produce color 
video tape.  Produce video tape using pan-and-tilt viewing, pipe inspection 
camera that pans plus and minus 275 degrees and rotates 360 degrees.  
Use camera with accurate footage counter, which displays on monitor exact 
distance of camera from starting manhole.  Use camera with camera height 
adjustment so that camera lens is always centered at one-half inside 
diameter, or higher, in pipe being televised.  Provide lighting system that 
allows features and condition of pipe to be clearly seen.  Reflector in front of 
camera may be necessary to enhance lighting in dark or large diameter 
pipe. 

4. Perform television inspection of storm sewers as follows: 

a. Provide video in DVD format. 

b. Videos shall pan beginning and ending manholes to demonstrate that 
debris has been removed.  Camera operator shall slowly pan each 
connection and where sewer transitions from one pipe material to 
another. 

c. Videos shall be continuous for pipe segments between manholes.  Do 
not leave gaps in videotaping of segment between manholes and do not 
show single segment on more than one DVD. 

d. No flow is allowed in storm sewer while performing post-installation 
television inspection. 
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5. Permanently label each DVD with the following information:   

Storm Sewer File No.: __________  Contractor's Name: 
Inspection Type:   [  ] Survey   [  ]  Pre-Installation  [  ]  Post-Installation 
DVD No. _________  Date Televised:  _________  Date Submitted: 
Basin No. 

 

Manhole No. From     Manhole No. To     Pipe Diameter  Pipe Length    
_______________     _____________        __________    _________  
_______________     _____________        __________    _________  
_______________     _____________        __________    _________  
_______________     _____________        __________    _________  
_______________     _____________        __________    _________  

 

6. For each DVD, provide completed TV Inspection Report, using inspection 
codes provided in City of Houston Standard Specification 02531.  TV 
Inspection Report is written/narrated log of pipe conditions and service 
connections, indexed to footage counter. 

7. Upon completion of DVD reviews by Owner’s Representative, Contractor will 
be notified regarding final acceptance of pipe segment. 

E. In case of conflict, do not relocate piping without prior approval from the 
Owner’s representative. 

END OF SECTION 
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SECTION 33 41 01 

HIGH-PERFORMANCE MODULAR BIO-FILTRATION SYSTEM 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes on site storm drainage components and installation 
procedures for high performance modular bio filtration areas. 

B. This specification only applies to the installation of High Performance Modular 
Bio Filtration System (HPMBS) located within the main parking lot east of the 
Operations Building. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 DEFINITIONS 

A. HPMBS: High Performance Modular Bio Filtration System. 

1.4 SUBMITTALS 

A. HPMBS: 

1. Submit supplier’s product data and approved installation manual as well as 
supplier’s Operations and Maintenance Manual for the system. It will be the 
responsibility of the system owner/operator or their contractor to ensure the 
system is operated and maintained in accordance with the manual. 

2. Supplier shall submit a letter of certification that the complete system meets 
or exceeds all technical and packaging requirements. Biofiltration media 
packaging must bear a batch number marking from the supplier which 
matches a letter from the supplier certifying performance testing of the batch 
to meet or exceed the required infiltration rate. 

3. Supplier shall provide dimensional drawings including details for 
construction, materials, specifications and pipe connections. 

4. Supplier shall provide a warranty for all components of the HPMBS for a 
period of one year provided the unit is installed, operated and maintained in 
accordance with the manual. Improper operation, maintenance or accidental 
or illegal activities (i.e. dumping of pollutants, vandalism, etc.) will void the 
warranty. Biofiltration media shall be warranted to pass the post-installation 
infiltration test described in this document. 

5. The HPMBS shall be sized using hydraulic properties of the media and 
demonstrate using an SCS stormwater modeling software/spreadsheet 
calculator that the peak water quality flow (defined by the Engineer of 
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Record) passes through the HPMBS prior to activation of the overflow 
device. A minimum amount of ponding depth (6 inches recommended) 
above the top elevation of the HPMBS (typically defined as top of mulch) 
should be provided to account for headloss through the system. Design 
computations must be provided as part of the submittal process. Sizing 
based solely on a filter surface area to drainage area ratio method will not 
be accepted. 

6. Any proposed equal alternative product substitution to this specification 
must be submitted for review and approved prior to bid opening. Review 
package should include third party reviewed performance data of the 
biofiltration media that includes saturated conductivity measurements and 
pollutant removal efficiency. Pollutant removal data must follow specified 
protocols. All components must meet or exceed Quality Assurance and 
Performance Criteria indicated herein. 

B. Bioretention Maintenance Manual: 

1. Include cover sheet with list of each component. 

2. Include manufacturer recommendations for maintenance of HPMBS. 

3. Sample maintenance schedule for each component. 

C. Filter Fabric: 

1. Submit supplier’s product data showing product specifications to meet the 
requirements of this section. 

D. Alternative Materials: 

1. Product data: Submit material cut sheet and manufacturer data for any 
product substitution. 

1.5 DELIVERY, STORAGE AND HANDLING 

A. Biofiltration media shall be segregated from any other aggregate materials and 
shall be protected against contamination, including contamination from any 
stormwater runoff from areas of the site which are not stabilized. 

PART 2 - PRODUCTS 

2.1 MULCH FOR HPMBS 

A. Mulch typically double shredded hardwood (non-floatable), shall comply with 
the type and size required by the approved drawings, and shall be screened to 
minimize fines. 
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2.2 BIOFILTRATION MEDIA FOR HPMBS 

A. Biologically active biofiltration media shall be visually inspected to ensure 
appropriate volume, texture and consistency with the approved drawings, and 
must bear a batch number marking from the supplier which certifies 
performance testing of the batch to meet or exceed the required infiltration rate 
(100 in/hr). A third-party laboratory test must be provided to certify the 100 in/hr 
rates. 

B. Each correctly installed and properly protected HPMBS will have the infiltration 
rate confirmed at the supplier’s expense, by a wetted condition hydraulic 
conductivity test. It is recommended the test be run within 90 days of 
commissioning, but no more than 270 days. If the system has been 
compromised because of failure to stabilize the surrounding drainage area 
before or after commissioning, supplier shall notify the Engineer of Record. 

1. Failure to pass this test will result in removal and replacement of all media in 
the system at no cost to the project owner/operator. 

2. Test must utilize the equipment and follow the standard operating 
procedures as approved by the Owner. 

3. Replacement media, if required, must be taken from a different batch than 
the original. 

C. Supplier shall provide, at no additional cost to the project owner/operator, 
maintenance of the biofiltration system for a period of one year. 
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D. Pollutant Removal performance, composition and characteristics of the 
Biofiltration Media must meet or exceed the following minimum standards as 
demonstrated by testing acceptable to the project engineer: 
 

Pollutant Removal Efficiency 

TSS > 80% 

Phosphorus ≥ 60% 

Nitrogen ≥ 48% 

Composition and Characteristics 

Sand - Fine < 5% 

Sand – Medium 10% - 15% 

Sand – Coarse 15% - 25% 

Sand – Very Coarse 40% - 45% 

Gravel 10% - 20% 

Infiltration Rate >100 inches per hour 

Peat Moss* 5% - 15% 

* Peat Moss Specification 
Listed by Organic Materials Review Institute 

100% natural peat (no composted, sludge, yard or leaf 
waste) Total Carbon >85% 

Carbon to Nitrogen Ratio 15:1 to 
23:1 Lignin Content 49% to 52% 

Humic Acid >18% 
pH 6.0 to 7.0 

Moisture Content 30% to 50% 
95% to 100% passing 2.0mm sieve 

> 80% passing 1.0mm sieve 

 

2.3 UNDERDRAIN SYSTEM OF HPMBS 

A. Underdrain / storage components shall be manufactured in an ISO certified 
facility and be manufactured from at least 90% post-consumer recycled 
materials. 
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B. Underdrain / storage components shall meet or exceed the following 
characteristics: 
 

Property Value 

Surface Void Area ≥ 85% 
Unit Weight 3.25 lbs/cf 

Service Temperature -14° to 167° 

Unconfined Crush Strength 32.48 psi 

180 Day Creep Test 

Load Applied – Initial and 
Sustained 

11.16 psi 

• Creep Sustained – After 180 
Days 

0.20 inches 

• Creep Sustained – After 180 
Days 

1.13 % 

• Projected Creep – 40 years 1.72% 
  

2.4 BRIDGING STONE IN HPMBS 

A. Bridging stone shall be 3/8” pea gravel, or other diameter sized to prevent 
migration of filter media, as specified by supplier. 

B. Stone must be washed and free from sediment, soil and contaminants. 

2.5 GEOTEXTILE FABRIC MATERIALS 

A. Fabric shall be 8 oz non-woven geotextile with a nominal weight of 8 oz per 
square yard. 

PART 3 - EXECUTION 

3.1 INSTALLATION OF BIO FILTER COMPONENT OF HPMBS 

A. This component employs a high-performance cross-section in which each 
element is highly dependent on the others to meet the performance 
specification for the complete system. It is important that this entire cross-
section be provided as a complete system and installed as such. 

B. As indicated in the approved drawings, the elements of the Biofilter include: 

1. A mulch protective layer. 

2. An advanced high infiltration rate biofiltration planting media bed which 
utilizes physical, chemical and biological mechanisms of the soil, plant, and 
microbe complex, to remove pollutants found in storm water runoff. 

3. A separation layer which utilizes the concept of ‘bridging’ to separate the 
biofiltration media from the underdrain without the use of geotextile fabrics. 

4. A wide aperture mesh layer utilized to prevent bridging stone from entering 
the underdrain/storage element. 

5. A modular, high infiltration rate ‘flat pipe’ style underdrain/storage system 
which is designed to directly infiltrate or exfiltrate water through its surface. 
The modular underdrain must provide a minimum of 95% void space. 
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3.2 INSTALLATION OF HPMBS 

A. Excavation and Backfill. 

1. Base of excavation shall be smooth, level and free of lumps or debris, and 
compacted unless infiltration of storm water into subgrade is desired. A thin 
layer (3”) of compacted base material is recommended to establish a level 
working platform (may not be needed in sandy soils). If the base of the 
excavation is pumping or appears excessively soft, a geotechnical engineer 
should be consulted for advice. In many cases, a stabilization geotextile and 
6” of compactable material that drains well will be sufficient to amend the 
bearing capacity of the soil. 

2. Use 8 oz Non-Woven Geotextile or equivalent nonwoven geotextile with a 
nominal weight of 8 oz per square yard to line the excavation to separate in 
situ soils and the HPMBS. (Applications requiring water to infiltrate the in 
situ sub-soils should use a bridging stone rather than geotextile to provide a 
separation layer between the HPMBS and the in-situ soils). Geotextile shall 
be placed on the bottom and up the sides of the excavation. Absolutely no 
geotextiles shall be used in the water column. If an impermeable liner is 
specified, it shall be installed according to supplier’s instructions and 
recommendations. 

B. Specified backfill material must be free from lumps, debris and any sharp 
objects that could penetrate the geotextile. Material is used for backfill along the 
sides of the system as indicated in engineering detail drawings. 

3.3 INSPECTION 

A. Examine prepared excavation for smoothness, compaction and level. Check for 
presence of high-water table, which must be kept at levels below the bottom of 
the underdrain structure at all times. If the base is pumping or appears 
excessively soft, a geotechnical engineer should be consulted for advice. 

B. Installation commencement constitutes acceptance of existing conditions and 
responsibility for satisfactory performance. If existing conditions are found to be 
unsatisfactory, contact Owner for resolution prior to installation. 

3.4 MAINTENANCE REQUIREMENTS OF HPMBS 

A. Each correctly installed HPMBS is to be maintained by the supplier for a 
minimum period of one year. The cost of this service is to be included in the 
supplier’s price of the system. 

B. Annual maintenance consists of two (2) scheduled visits unless otherwise 
specified. 

C. Each maintenance visit consists of the following: 

1. Complete system inspection. 

2. Removal of foreign debris, silt, plant material, trash and mulch (if needed). 

3. Evaluation of biofiltration media. 
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4. Evaluation of plant health. 

5. Inspection of underdrain/storage system via Observation/Maintenance Port. 

6. Properly dispose of all maintenance refuse items (trash, mulch, etc.) 

7. Take photographs documenting plant growth and general system health. 

8. Update and store maintenance records. 

9. To ensure long term performance of the HPMBS, continuing annual 
maintenance should be performed per the Operations and Maintenance 
Manual. 

D. If sediment accumulates beyond   an acceptable   level   in the   
underdrain/storage system, it will be necessary to flush the underdrain. This can 
be done by pumping water into the Observation/Maintenance Port or adjacent 
overflow structure, allowing the turbulent flows through the underdrain to re- 
suspend the fine sediments. If multiple Observation/Maintenance Ports have 
been installed, water should be pumped into each port to maximize flushing 
efficiency. Sediment-laden water can be pumped out and either captured for 
disposal or filtered through a Dirtbag filter bag, if permitted by the locality. 

 

END OF SECTION 
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SECTION 33 41 02 

MODULAR STORAGE TANKS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes: 

1. Provide excavation and base preparation per geotechnical engineer’s 
recommendations and/or as shown on the design drawings, to provide 
adequate support for project design loads and safety from excavation 
sidewall collapse. Excavations shall be in accordance with the owner’s and 
OSHA requirements. 

2. Provide and install modular storage unit system and all related products 
including fill materials, geotextiles, geogrids, inlet and outlet pipe with 
connections per the manufacturer’s installation guidelines provided in this 
section. 

3. Provide and construct the cover of the modular storage unit system 
including; stone backfill, structural fill cover, and pavement section as 
specified. 

4. Protect modular storage unit system from construction traffic after 
installation until completion of all construction activity in the installation area. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 REFERENCES 

A. Comply with applicable requirements of the following standards. Where these 
standards conflict with other specified requirements, the most restrictive 
requirement shall govern. 

1. American Society for Testing and Materials (ASTM): 

a. D2412, Determination of External Loading Characteristics of Plastic Pipe 
by Parallel-Plate Loading. 

b. F2418, Polypropylene Corrugated Wall Stormwater Collection 
Chambers. 

1.4 QUALITY CONTROL 

A. All materials shall be manufactured in ISO certified facilities. 
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B. Installation Contractor shall demonstrate the following experience: 

1. A minimum of three modular storage unit system projects completed within 2 
years; and, 

2. A minimum of 25,000 cubic feet of storage volume completed within 2 years. 

3. Contractor experience requirement may be waived if the manufacturer’s 
representative provides on-site training and review during construction. 

C. Installation Personnel: Performed only by skilled workers with satisfactory 
record of performance on bulk earthworks, pipe, chamber, or pond/landfill 
construction projects of comparable size and quality. 

D. Contractor must have manufacturer’s representative available for site review if 
requested by Owner. 

1.5 SUBMITTALS 

A. Submit proposed modular storage unit layout drawings. Drawings shall include 
typical section details as well as the required base elevation of stone and tanks, 
minimum cover requirements and tank configuration. 

B. Submit manufacturer’s product data, including compressive strength and unit 
weight. 

C. Submit manufacturer’s installation instructions. 

D. Submit material certificates for geotextile, geogrid, base course and backfill 
materials. 

E. Submit required experience and personnel requirements as specified in Section 
1.4. 

F. Any proposed equal alternative product substitution to this specification must be 
submitted for review and approved prior to bid opening. Review package should 
include third party reviewed performance data that meets or exceeds criteria in 
Table 2.1 B. 

1.6 DELIVERY, HANDLING, AND STORAGE 

A. Protect modular storage units and other materials from damage during delivery, 
and store UV sensitive materials under tarp to protect from sunlight when time 
from delivery to installation exceeds two weeks. Storage of materials should be 
on smooth surfaces, free from dirt, mud and debris. 

B. Handling is to be performed with equipment appropriate to the materials and 
site conditions, and may include hand, handcart, forklifts, extension lifts, etc. 

C. Cold Weather: 

1. Care must be taken when handling plastics when air temperature is 40 
degrees or below as plastic becomes brittle. 

2. Do not use frozen materials or materials mixed or coated with ice or frost. 

3. Do not build on frozen ground or wet, saturated or muddy subgrade. 
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1.7 PREINSTALLATION CONFERENCE 

A. Coordinate installation for the modular storage unit system with other on-site 
activities to eliminate all non-installation related construction traffic over the 
completed modular storage unit system. No loads heavier than the design loads 
shall be allowed over the system, and in no case shall loads higher than a 
standard AASHTO HS20 (or HS25, depending on design criteria) load be 
allowed on the system at any time. 

B. Protect adjacent work from damage during modular storage unit system 
installation. 

C. All pre-treatment systems to remove debris and heavy sediments must be in 
place and functional prior to operation of the modular storage unit system. 
Additional pretreatment measures may be needed if unit is operational during 
construction due to increased sediment loads. 

D. Contractor is responsible for any damage to the system during construction. 

PART 2 - PRODUCTS 

2.1 MODULAR STORAGE UNITS 

A. Modular storage unit - Injection molded plastic tank plates assembled to form a 
95% void modular structure of predesigned height (custom for each project). 

B. Modular storage units shall meet the following Physical & Chemical 
Characteristics: 
 

PROPERTY DESCRIPTION VALUE 

Void Area Volume available for 
water storage 

95% 

Surface Void Area Percentage of exterior 
available for infiltration 

90% 

Compressive StrengthASTM D 2412/ 
ASTM F 2418 

42.9 psi 

HS-20 Minimum CoverCover required to support
HS-20 loads 

18” 

HS-25 Minimum CoverCover required to support
HS-25 loads 

19” 

Maximum Cover Maximum allowable 
cover depth 

9.99 feet 

Unit Weight Weight of plastic per 
cubic foot of tank 

3.96 lbs/cf 

Rib Thickness Thickness of load-bearing 
members 

0.18 inches 

Service TemperatureSafe temperature range
for use 

-14 – 167 F 
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2.2 GEOSYNTHETICS 

A. Geotextile. A geotextile envelope is required to prevent backfill material from 
entering the modular storage units. 

1. Standard Application: The standard geotextile shall be an 8 oz per square 
yard nonwoven geotextile (ACF N080 or equivalent). 

B. Geogrid. For installations subject to traffic loads and/or when required by 
project plans, install geogrid (ACF BX12 or equivalent) to reinforce backfill 
above the modular storage unit system. Geogrid is often not required for non-
traffic load applications.  

2.3 BACKFILL & COVER MATERIALS 

A. Bedding Materials: Stone (smaller than 1.5” in diameter) or soil (GW, GP, SW, 
or SP as classified by the Unified Soil Classification System) shall be used 
below the modular storage unit system (3” minimum). Material must be free 
from lumps, debris, and any sharp objects that could cut the geotextile. Material 
shall be within 3 percent of the optimum moisture content as determined by 
ASTM D698 at the time of installation. For infiltration applications bedding 
material shall be free draining. 

B. Side and Top Backfill: Free draining stone (smaller than 1.5” in diameter) or soil 
(GW, GP, SW, or SP as classified by the Unified Soil Classification System) 
shall be used adjacent to (24” minimum) and above (for the first 12”) the 
modular storage unit system. Material must be free from lumps, debris and any 
sharp objects that could cut the geotextile. Material shall be within 3 percent of 
the optimum moisture content as determined by ASTM D698 at the time of 
installation. 

C. Additional Cover Materials: Structural Fill shall consist of granular materials 
meeting the gradational requirements of SM, SP, SW, GM, GP or GW as 
classified by the Unified Soil Classification System. Structural fill shall have a 
maximum of 25 percent passing the No. 200 sieve, shall have a maximum clay 
content of 10 percent and a maximum Plasticity Index of 4. Material shall be 
within 3 percent of the optimum moisture content as determined by ASTM D698 
at the time of installation. 

2.4 OTHER MATERIALS 

A. Utility Marker: Install metallic tape at corners of modular storage unit system to 
mark the area for future utility detection. 

2.5 ETHYLENE PROPYLENE DIENE MONOMER RUBBER LINER 

A. Furnish Firestone Pondgard ethylene propylene diene monomer (EPDM) 45 mil 
rubber liner or approved equal. 

B. Furnish material having the following minimum average physical properties as 
specified by ASTM: 

1. Nominal Thickness: 45 mil. 
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2. Weight (lb/sf): 0.28. 

3. Break Strength (lb/in): 50. 

4. Break Elongation (%): 500. 

5. Tear Resistance (lbs): 9. 

6. Puncture Resistance (lbs): 35. 

PART 3 - EXECUTION 

3.1 ASSEMBLY OF MODULAR STORAGE UNITS 

A. On-site assembly of tanks shall be performed in accordance with the Installation 
Manual. 

3.2 LAYOUT AND EXCAVATION 

A. Installer shall stake out, excavate, and prepare the subgrade area to the 
required plan grades and dimensions, ensuring that the excavation is at least 2 
feet greater than modular storage units dimensions in each direction allowing 
for installation of geotextile filter fabric, modular storage units, and free draining 
backfill materials. 

B. All excavations must be prepared with OSHA approved excavated sides and 
sufficient working space. 

C. Protect partially completed installation against damage from other construction 
traffic by establishing a perimeter with high visibility construction tape, fencing, 
barricades, or other means until construction is complete. 

D. Base of the excavation shall be uniform, level, and free of lumps or debris and 
soft or yielding subgrade areas. A minimum 2,000 pounds per square foot 
bearing capacity is required. 

1. Standard Applications: Compact subgrade to a minimum of 95% of Standard 
Proctor (ASTM D698) density or as required by the Owner’s engineer. 

2. Infiltration Applications: Subgrade shall be prepared in accordance with the 
contract documents. Compaction of subgrade should not be performed in 
infiltration applications. 

E. Unsuitable Soils or Conditions: All questions about the base of the excavation 
shall be directed to the owner’s engineer, who will approve the subgrade 
conditions prior to placement of stone. The owner’s engineer shall determine 
the required bearing capacity of the modular storage unit’s subgrade; however, 
in no case shall a bearing capacity of less than 2,000 pounds per square foot 
be provided. 

1. If unsuitable soils are encountered at the subgrade, or if the subgrade is 
pumping or appears excessively soft, repair the area in accordance with 
contract documents and/or as directed by the owner’s engineer. 

2. If indications of the water table are observed during excavation, the engineer 
shall be contacted to provide recommendations. 
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3. Do not start installation of the modular storage unit system until 
unsatisfactory subgrade conditions are corrected and the subgrade 
conditions are accepted by the owner’s engineer. 

3.3 PREPARATION OF BASE 

A. Place a thin layer (3” unless otherwise specified) of bedding material (Section 
2.3 A), over the subgrade to establish a level working platform for the modular 
storage units. Level to within ½” (+/- ¼”) or as shown on the plans. Native 
subgrade soils or other materials may be used if determined to meet the 
requirements of 2.3 A and are accepted by the owner’s engineer. 

1. Standard Applications: Static roll or otherwise compact bedding materials 
until they are firm and unyielding. 

2. Infiltration Applications: Bedding materials shall be prepared in accordance 
with the contract documents. 

B. Outline the footprint of the modular storage unit system on the excavation floor 
using spray paint or chalk line to ensure a 2’ perimeter is available around the 
modular storage unit system for proper installation and compaction of backfill. 

3.4 INSTALLATION OF THE MODULAR STORAGE UNITS 

A. Where a geotextile wrap is specified on the stone base, cut strips to length and 
install in excavation, removing wrinkles so material lays flat. Overlap geotextile 
a minimum 12” or as recommended by manufacturer. 

B. Where an impervious liner (for containment) is specified, install the liner per 
manufacturer’s recommendations and the contract documents. The modular 
storage units shall be separated from impervious liner by a non-woven 
geotextile fabric installed accordance with Section 3.4A. 

C. Install modular storage units by placing side by side, in accordance with the 
design drawings. No lateral connections are required. It is advisable to use a 
string line to form square corners and straight edges along the perimeter of the 
modular storage unit system. The modules are to be oriented as per the design 
drawing (15.75” x 28.15”) with required depth as shown on plans. The large 
side plate of the tank should be placed on the perimeter of the system. This will 
typically require that the two ends of the tank area will have a row of tanks 
placed perpendicular to all other tanks. If this is not shown in the construction 
drawings, it is a simple field adjustment that will have minimal effect on the 
overall system footprint. Refer to Installation Guide for more details. 

D. Wrap the modular storage unit top and sides in specified geotextile. Cut strips 
of geotextile so that it will cover the sides and top, encapsulating the entire 
system to prevent soil entry into the system. Overlap geotextile 12” or as 
recommended by manufacturer. Take great care to avoid damage to geotextile 
(and, if specified, impervious liner) during placement. 



WHCRWA  

CENTRAL PUMP STATION MODULAR STORAGE TANKS 

WHCRWA CENTRAL PUMP STATION 
MODULAR STORAGE TANKS 

33 41 02 - 7 OF 12 

E. Identify locations of inlet, outlet and any other penetrations of the geotextile 
(and optional liner). These connections should be installed flush (butted up to 
the units) and the geotextile fabric shall be cut to enable hydraulic continuity 
between the connections and the modular storage units. These connections 
shall be secured using pipe boots with stainless steel pipe clamps. Support pipe 
in trenches during backfill operations to prevent pipe from settling and 
damaging the geotextile, impervious liner (if specified) or pipe. Connecting- 
pipes at 90-degree angles facilitates construction, unless otherwise specified. 
Ensure end of pipe is installed snug against modular storage unit system. 

F. Install Inspection and Maintenance Ports in locations noted on plans. At a 
minimum one maintenance port shall be installed within 10’ of each inlet & 
outlet connection, and with a maximum spacing of one maintenance port for 
every 2,500 square feet. Install all ports as noted in the Installation Guide. 

G. If required, install ventilation pipes and vents as specified on drawings to 
provide ventilation for proper hydraulic performance. The number of pipes and 
vents will depend on the size of the system. Vents are often installed using a 
90-degree elbow with PVC pipe into a landscaped area with ‘U” bend or venting 
bollard to inhibit the ingress of debris. A ground level concrete or steel cover 
can be used. 

3.5 BACKFILLING OF THE MODULAR STORAGE UNITS 

A. Backfill and fill with recommended materials as follows: 

1. Place freely draining backfill materials (Section 2.3 B) around the perimeter 
in lifts with a maximum thickness of 12”. Each lift shall be placed around the 
entire perimeter such that each lift is no more than 24” higher than the side 
backfill along any other location on the perimeter of the modular storage unit 
system. No fill shall be placed over top of tanks until the side backfill has 
been completed. 

2. Each lift shall be compacted at the specified moisture content to a minimum 
of 95% of the Standard Proctor Density until no further densification is 
observed (for self-compacting stone materials). The side lifts must be 
compacted with walk behind compaction equipment. Even when “self-
compacting” backfill materials are selected; a walk behind vibratory 
compactor must be used. 

3. Take care to ensure that the compaction process does not allow the 
machinery to come into contact with the modules due to the potential for 
damage to the geotextile and modular storage units. 

4. No compaction equipment is permissible to operate directly on the modular 
storage units. 
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5. Following placement of side backfill, a uniform 12” lift of the freely draining 
material (Section 2.3 B) shall be placed over the modular storage units and 
lightly compacted using a walk-behind trench roller. Alternately, a roller 
(maximum gross vehicle weight of 6 tons) may be used. Roller must remain 
in static mode until a minimum of 24” of cover has been placed over the 
modules. Sheep foot rollers should not be used. 

6. Install a geogrid (required for traffic applications) over the initial 12” lift of 
backfill. Geogrid shall extend a minimum of 3 feet beyond the limits of the 
excavation wall. 

7. Following placement and compaction of the initial cover, subsequent lifts of 
structural fill (Section 2.3 C) shall be placed at the specified moisture 
content and compacted to a minimum of 95% of the Standard Proctor 
Density and shall cover the entire footprint of the modular storage unit 
system. During placement of fill above the system, unless otherwise 
specified, a uniform elevation of fill shall be maintained to within 12” across 
the footprint of the modular storage unit system. Do not exceed maximum 
cover depths listed in Table 2.1 B. 

8. Place additional layers of geotextile and/or geogrid at elevations as specified 
in the design details. Each layer of geosynthetic reinforcement placed above 
the modular storage unit system shall extend a minimum of 3 feet beyond 
the limits of the excavation wall. 

B. Only low-pressure tire or track vehicles shall be operated over the modular 
storage unit system during construction. No machinery should drive on top of 
the tank until a minimum of 18” of backfill and compaction is achieved. Dump 
Trucks and Pans shall not be operated within the modular storage unit system 
footprint at any time. Where necessary the heavy equipment should unload in 
an area adjacent to the modular storage unit system and the material should be 
moved over the system with tracked equipment. 

C. Ensure that all unrelated construction traffic is kept away from the limits of 
excavation until the project is complete and final surface materials are in place. 
No non-installation related loading should be allowed over the modular storage 
unit system until the final design section has been constructed (including 
pavement). 

D. Place surfacing materials, such as groundcovers (no large trees), or paving 
materials over the structure with care to avoid displacement of cover fill and 
damage to surrounding areas. 

E. Backfill depth over modular storage unit system must be within the limitations 
shown in the table in Section 2.1 B. If the total backfill depth does not comply 
with this table, contact engineer or manufacturer’s representative for 
assistance. 

3.6 INSTALLATION OF EPDM LINER 

A. Install EPDM rubber liner per manufacturer’s recommendations. 
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B. The panels are unrolled and/or unfolded into the position indicated on the site 
plan. 

C. Side slope panels are placed and temporarily ballasted (sandbags or tires) first, 
followed by the bottom panels. 

D. The liner panels are unrolled from the anchor trench down the side slopes and 
the liner is temporarily anchored to avoid movement down slope. 

E. No rocks or sharp objects are allowed under the liner during placement. 
Damage to the supporting soil or geotextile underlayment must be avoided and 
must be repaired. 

F. The side slope panels should extend a minimum of 3 ft out into the pond bottom 
for connecting with adjoining panels. 

G. All panels must be allowed to relax at least 30-45 minutes before seaming or 
attachment to structures. 

H. To avoid movement and wind uplift of the liner during installation, temporary 
ballast (sandbags) is recommended. Such ballasting also facilitates the 
seaming operations. 

3.7 EPDM LINER LAP SEAMING 

A. Lap seaming should be done per manufacturer’s recommendations. 

B. The seaming of adjacent panels should be performed immediately after the 
relaxation of the liner. 

C. All panels must be installed without tension and without wrinkles overlapping by 
at least 4 inches. All seams on side slopes must be parallel with the slope. 
Horizontal field seams on slopes are not allowed. 

D. For soft or rough subsoils, a board or piece of conveyor belt is used under the 
liner in the area of the seam. The seaming board is moved by means of a rope 
as the seaming process progresses. 

E. Seams should not be made under the following conditions: 

1. Moisture. 

2. Soft subgrade soil. 

3. Condensation on the primer or on the liner. 

4. Rainfall. 

5. Ponded water. 

6. Excessive wind/dusty conditions. 

7. Other contaminants 

F. Moisture on the seam will cause failure of the seam. 

G. Use only products approved by manufacturer. 
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H. Clean the seam area with water and dry before applying the primer, if it is 
contaminated. 

I. Movement of the liner during application of the splice tape and during the first 
few minutes after application should be avoided. 

J. Positioning of a large number of panels that cannot be seamed together in one 
day is not allowed. 

3.8 EPDM LINER SEAMING PROCEDURES 

A. Lap seaming should be done per manufacturer’s recommendations. 

B. 6 inch wide cover strip tape seaming system: 

1. Position the liners: 

a. Both adjacent panels are positioned with sufficient overlap 4 inches. 

b. The panels should lay flat and without any tension. 

2. Clean the overlap. If there is dirt in the overlap area, clean the overlap area 
using a broom, air blower or clean cotton cloth. Soil should not be allowed to 
contaminate the liner in the splicing area. 

3. Apply the primer. 

a. Stir the primer before and during use and transfer a small quantity, 1.5 L, 
to a bucket. The primer is applied with a scrubbing pad. 

b. Immerse the scrubbing pad in the primer, keeping the pad horizontal and 
let excess of primer plus drip off the pad. 

c. Each pad immersed in primer will cover an area of about 3 ft in length, 
over a width of 4 inches on each side. 

d. Change scrubbing pads every 200 ft or when the primer has dried on the 
pad. Used pads are to be discarded at the end of the working day. 

e. Additional priming is required at factory seams, at the intersection of two 
seams and to areas covered with adhesive. 

f. Both sides to be seamed are treated simultaneously in order to obtain an 
identical drying time. 

g. Prime a minimum of 3 inches on either side of the overlap edge. 

4. Test primer for readiness (use touch-push method). Allow the primer to flash 
off. The primer needs to dry completely before installing the tape. Check its 
dryness by touching the primed surface with a clean and dry finger to be 
certain that the primer does not string. When touching the primer, push 
forward on the primed surface at an angle to ensure that the primer is dry 
throughout its thickness. If either motion exposes a stringy primer when the 
finger is lifted, then the splice is not ready for installing the tape. Flash-off 
time will vary depending on ambient air conditions. 
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5. Install the seam cover strip: 

a. Place the roll of seam cover strip on the ground a few feet ahead of the 
overlap starting point, positioned so that it unrolls from the top of the roll. 

b. Starting a minimum of 3 inches ahead of the edge of the panel, center 
the cover strip roll on the overlap edge and unroll onto the clean and 
primed surface. 

c. Advance the roll keeping the cover strip centered over the overlap edge. 
Peel the release paper as you apply the cover strip. 

d. When it is necessary to cover a longer overlap edge than the length of 
one roll of cover strip, it is required to overlap the next roll a minimum of 
1 inch onto the installed roll before continuing to unroll the second roll. 
When the end of the overlap is reached, extend the cover strip 3 inches 
before cutting. 

6. Roll the seam cover strip. Apply pressure along the entire length of the 
cover strip by hand to completely mate the two surfaces. Using a 1.5 inch 
wide silicone rubber roller, roll the cover strip with positive pressure towards 
the outside edge then along the entire length of the cover strip. 

7. Install cover strip at the end of seaming runs or “T” joints 

a. At the 1-inch laps of the cover strip it is required to install a 12 inch long 
section of cover strip parallel with the lap edge and centered over it. 
Before installing the cover strip, the area to be covered must be cleaned 
and primed in the normal fashion. 

b. When cover strips intersect at any point, a 12 inch long section of cover 
strip shall be installed centered over each T-joint area. 

c. Round the corners on the 12-inch section and then install it onto the dry 
primed area. Roll with the silicone rubber roller in the same manner as 
done to the cover strip. 

8. Special considerations – End laps, “T” joints, etc. 

a. End Laps: When the splice is greater in length than the cover strip, the 
adjoining 6-inch cover strip must be overlapped a minimum of 1 inch. 

b. “T” Joints: Apply a section of flashing or joint cover over the T joint area 

PART 4 - MAINTENANCE 

4.1 MAINTENANCE REQUIREMENTS 

A. A routine maintenance effort is required to ensure proper performance of the 
modular storage unit system. The Maintenance program should be focused on 
pretreatment systems. Ensuring these structures are clean and functioning 
properly will reduce the risk of contamination of the modular storage unit system 
and stormwater released from the site. Pre-treatment systems shall be 
inspected yearly, or as directed by the regulatory agency and by the 
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manufacturer (for proprietary systems). Maintain as needed using acceptable 
practices or following manufacturer’s guidelines (for proprietary systems). 

B. Inspection and/or Maintenance Ports in the modular storage unit system will 
need to be inspected for accumulation of sediments at least quarterly through 
the first year of operation and at least yearly thereafter.  This is done by 
removing the cap of the port and using a measuring device long enough to 
reach the bottom of the modular storage unit system and stiff enough to push 
through the loose sediments, allowing a depth measurement. 

C. If sediment has accumulated to the level noted in the Maintenance Guide or 
beyond a level acceptable to the Owner’s engineer, the modular storage unit 
system should be flushed. 

D. A flushing event consists of pumping water into the Maintenance Port and/or 
adjacent structure, allowing the turbulent flows through the modular storage unit 
system to re-suspend the fine sediments. If multiple Maintenance Ports have 
been installed, water should be pumped into each port to maximize flushing 
efficiency. Sediment-laden water can be filtered through a Dirtbag® or approved 
equivalent if permitted by the locality. 

 

END OF SECTION 
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SECTION 33 46 13 

FOUNDATION SUBSURFACE DRAIN SYSTEM 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Subsurface drain systems. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Procurement and Contracting Requirements. 

2. Division 01 - General Requirements. 

3. Section 31 23 00 - Earthwork. 

4. Section 31 21 33- Trenching, Backfilling, and Compacting for Utilities. 

5. Section 40 05 13 - Pipe and Pipe Fittings:  Basic Requirements. 

1.2 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Association of State Highway and Transportation Officials 
(AASHTO): 

a. M278, Standard Specification for Class PS46 Polyvinyl Chloride (PVC) 
Pipe. 

2. ASTM International (ASTM): 

a. C14, Standard Specification for Nonreinforced Concrete Sewer, Storm 
Drain, and Culvert Pipe. 

b. C33, Standard Specification for Concrete Aggregates. 

c. C444, Standard Specification for Perforated Concrete Pipe. 

d. D3034, Standard Specification for Type PSM Poly (Vinyl Chloride) (PVC) 
Sewer Pipe and Fittings. 

1.3 SYSTEM DESCRIPTION 

A. Subsurface Drainage System: 

1. System which drains by gravity, connects to and drains into storm drain 
system as shown on Drawings. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Fabrication and/or layout drawings: 
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a. Layout diagram of drainage system(s). 

3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Type, size and manufacturer of drain pipe. 

d. Type, size and gradation of filter material. 

e. Type and manufacturer of filter fabric. 

4. Certifications. 

5. Test reports. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Filter fabric: 

a. Mirafi 140N by Mirafi Inc. 

b. Propex 4545 by Amoco Fabrics Co. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 DRAIN PIPE 

A. Drain Pipes: 

1. Provide fittings so that thickness, weight, material and quality correspond to 
that of the drain pipe approved for use. 

2. Inside diameter:  2-4 IN. 

a. PVC Pipe: 

1) ASTM D3064, SDR 35. 

2) ASTM D2241, SDR 36. 

3) Schedule 80. 

3. Inside diameter:  6 IN. 

a. PVC pipe: 

1) ASTM D3034, SDR 35. 

2) Perforations in accordance with AASHTO M278, except perforations 
not to be greater than 5/16 IN DIA. 

B. Filter Material:  Graded gravel or crushed stone meeting the following sieve 
analysis (ASTM C33 Size No. 67): 
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SIEVE SIZE PERCENT PASSING 

1 IN 100 

3/4 IN 90 - 100 

3/8 IN 20 – 55 

No.8 0 - 5 

 

C. Filter Fabric: 

1. Nonwoven polypropylene fabric. 

2. Not less than 4 OZ/SY. 

3. Resistant to the chemical actions of the soil and water and 
nonbiodegradable. 

4. Fabric to prevent the migration of soil particles into the filter material while 
allowing the free flow of water from the subsoil to the drain pipe. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Lay filter fabric with 12 IN minimum laps at splices. 

1. Spread filter material in same direction as fabric overlap. 

2. Patch tears and holes in fabric with piece of same fabric material large 
enough to cover the tear or hole plus a 12 IN overlap. 

B. Lay drain pipe lines firmly bedded in filter material to true grades and alignment 
with invert elevation shown on Drawings. 

1. Unless indicated otherwise on Drawings, install pipes level to point of 
discharge with perforations down and joints closed. 

2. Make joints with sleeve type couplings or tapered couplings. 

3. Provide couplings suitable for holding pipe firmly in alignment without use of 
sealing compounds or gaskets. 

4. Face bells upgrade away from point of discharge. 

5. Use 1/8 bends for change in direction; use Y fittings at intersections. 

C. Test drain lines with water to assure free flow before covering. 

1. Remove obstructions and retest until satisfactory. 

D. Provide filter material around drain pipes of depths and thicknesses shown on 
Drawings. 

1. Compact filter material with vibrator tamper to density required to preclude 
settlement and to avoid damage to drain pipe and to filter fabric. 

2. Avoid damage to foundation. 
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E. Install standard pipe (nonperforated) to vaults in accordance with requirements 
of Specification Section 33 40 00. 

END OF SECTION 
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SECTION 40 05 05 

EQUIPMENT:  BASIC REQUIREMENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Requirements of this Specification Section apply to all equipment provided 
on the Project including those found in other Divisions, even if not 
specifically referenced in individual "Equipment" articles of those 
Specification Sections. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 03 31 30 - Concrete, Materials and Proportioning. 

4. Section 05 50 00 - Metal Fabrications. 

5. Section 07 92 00 - Joint Sealants. 

6. Section 09 91 00 - Painting and Protective Coatings. 

7. Section 10 14 00 - Identification Devices. 

8. Division 26 - Electrical. 

9. Section 40 05 13 - Pipe and Pipe Fittings:  Basic Requirements. 

10. Section 40 91 10 - Primary Elements and Transmitters. 

11. Section 40 98 00 - Control Panels and Enclosures. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Bearing Manufacturers Association (ABMA). 

2. American Gear Manufacturers Association (AGMA). 

3. ASTM International (ASTM): 
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a. E1934, Standard Guide for Examining Electrical and Mechanical 
Equipment with Infrared Thermography. 

b. F593, Standard Specification for Stainless Steel Bolts, Hex Cap 
Screws, and Studs. 

4. Hydraulic Institute (HI): 

a. 9.6.4, Centrifugal and Vertical Pumps for Vibration Measurements and 
Allowable Valves. 

5. International Electrotechnical Commission (IEC). 

6. Institute of Electrical and Electronics Engineers, Inc. (IEEE). 

7. Instrumentation, Systems, and Automation Society (ISA). 

8. International Organization for Standardization (ISO): 

a. 1940, Mechanical Vibration - Balance Quality Requirements for Rotors 
in a Constant (Rigid) State - Part 1:  Specification and Verification of 
Balance Tolerances. 

9. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

b. ICS 6, Enclosures for Industrial Control and System. 

10. InterNational Electrical Testing Association (NETA): 

a. ATS, Acceptance Testing Specification for Electrical Power Distribution 
Equipment and Systems. 

11. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC): 

12. National Institute for Certification in Engineering Technologies (NICET). 

13. National Institute of Standards and Technology (NIST). 

14. Occupational Safety and Health Administration (OSHA): 

a. 29 CFR 1910, Occupational Safety and Health Standards, referred to 
herein as OSHA Standards. 

15. Underwriters Laboratories, Inc. (UL). 

a. 508, Standard for Safety Industrial Control Equipment. 

b. 508A, Standard for Safety Industrial Control Panels. 

16. Vibration Institute. 

B. Qualifications: 

1. Vibration Testing Program: 

a. Testing firm: 

1) An independent firm performing, as the sole or principal part of its 
business for a minimum of 10 years, the inspection, testing, 
calibration, and adjusting of systems. 
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2) Must have an established monitoring and testing equipment 
calibration program with accuracy traceable in an unbroken chain, 
according to NIST. 

b. Field personnel: 

1) Minimum of one (1) year field experience covering all phases of 
field vibration testing and data gathering. 

2) Qualified Vibration Category I certification from the Vibration 
Institute. 

c. Analysis personnel: 

1) Minimum three (3) years combined field testing and data analysis 
experience. 

2) Qualified Vibration Category II certification from the Vibration 
Institute. 

2. Infrared Thermography Testing Program: 

a. Testing firm: 

1) An independent firm performing, as the sole or principal part of its 
business for a minimum of 10 years, the inspection, testing, 
calibration, and adjusting of systems. 

2) Must have an established monitoring and testing equipment 
calibration program with accuracy traceable in an unbroken chain, 
according  to NIST. 

b. Field personnel: 

1) Minimum of one (1) year field experience covering all phases of 
field thermography testing and data gathering. 

2) Supervisor certified by NETA or NICET. 

c. Analysis personnel: 

1) Minimum three (3) years combined field testing and data analysis 
experience. 

2) Supervisor certified by NETA or NICET. 

3. Electrical Equipment and Connections Testing Program: 

a. Testing firm: 

1) An independent firm performing, as the sole or principal part of its 
business for a minimum of 10 years, the inspection, testing, 
calibration , and adjusting of systems. 

2) Must have an established monitoring and testing equipment 
calibration program with accuracy traceable in an unbroken chain, 
according to NIST. 

b. Field personnel: 

1) Minimum of one (1) year field experience covering all phases of 
electrical equipment inspection, testing, and calibration. 
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2) Relay test technician having previous experience with testing and 
calibration of relays of the same manufacturer and type used on 
project and proficient in setting and testing the types of protection 
elements used. 

3) Supervisor certified by NETA or NICET. 

c. Analysis personnel: 

1) Minimum three (3) years combined field testing and data analysis 
experience. 

2) Supervisor certified by NETA or NICET. 

4. Miscellaneous: 

a. A single manufacturer of a "product" to be selected and utilized 
uniformly throughout Project even though: 

1) More than one (1) manufacturer is listed for a given "product" in 
Specifications. 

2) No manufacturer is listed. 

b. Equipment, electrical assemblies, related electrical wiring, 
instrumentation, controls, and system components shall fully comply 
with specific NEC requirements related to area classification and to 
NEMA 250 and NEMA ICS 6 designations shown on Electrical Power 
Drawings. 

c. Variable speed equipment applications:  The driven equipment 
manufacturer shall have source responsibility for coordination of the 
equipment and AFD system and ensure their compatibility. 

1.4 DEFINITIONS 

A. Product:  Manufactured materials and equipment. 

B. Major Equipment Supports - Supports for Equipment: 

1. Located on or suspended from elevated slabs with supported equipment 
weighing 2000 LBS or greater, or; 

2. Located on or suspended from roofs with supported equipment weighing 
500 LBS or greater, or; 

3. Located on slab-on-grade or earth with supported equipment weighing 5000 
LBS or more. 

C. Equipment: 

1. One (1) or more assemblies capable of performing a complete function. 

2. Mechanical, electrical, instrumentation or other devices requiring an 
electrical, pneumatic, electronic or hydraulic connection. 

3. Not limited to items specifically referenced in "Equipment" articles within 
individual Specifications. 

D. Installer or Applicator: 
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1. Installer or applicator is the person actually installing or applying the product 
in the field at the Project site. 

2. Installer and applicator are synonymous. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. General for all equipment: 

a. See Specification Section 01 33 00 for requirements for the mechanics 
and administration of the submittal process. 

b. Data sheets that include manufacturer's name and complete product 
model number. 

1) Clearly identify all optional accessories that are included. 

c. Acknowledgement that products submitted comply with the 
requirements of the standards referenced. 

d. Manufacturer's delivery, storage, handling, and installation instructions. 

e. Equipment identification utilizing numbering system and name utilized 
in Drawings. 

f. Equipment installation details: 

1) Location of anchorage. 

2) Type, size, and materials of construction of anchorage. 

3) Anchorage setting templates. 

4) Manufacturer's installation instructions. 

g. Equipment area classification rating. 

h. Shipping and operating weight. 

i. Equipment physical characteristics: 

1) Dimensions (both horizontal and vertical). 

2) Materials of construction and construction details. 

j. Equipment factory primer and paint data. 

k. Manufacturer's recommended spare parts list. 

l. Equipment lining and coatings. 

m. Equipment utility requirements include air, natural gas, electricity, and 
water. 

n. Ladders and platforms provided with equipment: 

1) Certification that all components comply fully with OSHA 
requirements. 

2) Full details of construction/fabrication. 

3) Scaled plan and sections showing relationship to equipment. 

2. Mechanical and process equipment: 

a. Operating characteristics: 
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1) Technical information including applicable performance curves 
showing specified equipment capacity, rangeability, and 
efficiencies. 

2) Brake horsepower requirements. 

3) Copies of equipment data plates. 

b. Piping and duct connection size, type and location. 

c. Equipment bearing life certification. 

d. Equipment foundation data: 

1) Equipment center of gravity. 

2) Criteria for designing vibration, special or unbalanced forces 
resulting from equipment operation. 

3. Electric motor: See Section 26 05 09 Motors. 

4. Control Panels: 

a. Equipment ratings:  Voltage, continuous current, kVa, watts, short 
circuit with stand, etc., as applicable. 

b. Panel construction. 

c. Point-to-point ladder diagrams. 

d. Scaled panel face and subpanel layout. 

e. Technical product data on panel components. 

f. Panel and subpanel dimensions and weights. 

g. Panel access openings. 

h. Nameplate schedule. 

i. Panel anchorage. 

5. Systems schematics and data: 

a. Provide system schematics where required in system specifications. 

1) Acknowledge all system components being supplied as part of the 
system. 

2) Utilize equipment, instrument and valving tag numbers defined in 
the Contract Documents for all components. 

3) Provide technical data for each system component showing 
compliance with the Contract Document requirements. 

4) For piping components, identify all utility connections, vents and 
drains which will be included as part of the system. 

6. For factory painted equipment, provide paint submittals in accordance with 
Specification Section 09 91 00. 

7. Qualifications for: 

a. Vibration testing firm and personnel. 

b. Infrared thermography testing firm and personnel. 

c. Electrical equipment and connections testing firm and personnel. 
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8. Testing plans: 

a. Vibration testing. 

b. Thermography testing. 

c. Electrical equipment and connection testing. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

C. Miscellaneous Submittals: 

1. Sample form letter for equipment field certification. 

2. Certification that equipment has been installed properly, has been initially 
started up, has been calibrated and/or adjusted as required, and is ready 
for operation. 

3. Certification for major equipment supports that equipment foundation 
design loads shown on the Drawings or specified have been compared to 
actual loads exhibited by equipment provided for this Project and that said 
design loadings are equal to or greater than the loads produced by the 
equipment provided. 

4. Field noise testing reports if such testing is specified in narrow-scope 
Specification Sections. 

5. Notification, at least one (1) week in advance, that motor testing will be 
conducted at factory. 

6. Certification from equipment manufacturer that all manufacturer-supplied 
control panels that interface in any way with other controls or panels have 
been submitted to and coordinated with the supplier/installer of those 
interfacing systems. 

7. Motor test reports. 

8. Certification prior to Project closeout that electrical panel drawings for 
manufacturer-supplied control panels truly represent panel wiring including 
any field-made modifications. 

9. Provide three (3) bound final written reports documenting vibration 
monitoring and testing for specified equipment. 

a. Include the acceptance criteria of all equipment tested. 

b. Provide individual tabbed sections for information associated with each 
piece of tested equipment. 

10. Preliminary field quality control testing format to be used as a basis for final 
field quality control reporting. 

11. Testing and monitoring reports. 
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12. Certification that driven equipment and AFD are compatible. 

D. Equipment Monitoring and Testing Plans: 

1. Approved in accordance with Shop Drawing submittal schedule. 

2. Included as a minimum: 

a. Qualifications of firm, field personnel, and analysis personnel doing the 
Work. 

b. List and description of testing and analysis equipment to be utilized. 

c. List of all equipment to be testing, including: 

1) Name and tag numbers identified in the Contract Documents. 

2) Manufacturer’s serial numbers. 

3) Other pertinent manufacturer identification, 

E. Testing and Monitoring Program Documentation: 

1. Provide reports with tabbed sections for each piece of equipment tested. 

2. Include all testing results associated with each piece of equipment under 
that equipment’s tabbed section. 

a. Include legible copies of all forms used to record field test information. 

3. Prior to start of testing, submit one (1) copy of preliminary report format for 
Owner’s representative review and comment 

a. Include data gathering and sample test report forms that will be utilized. 

4. In the final report, include as a minimum, the following information for all 
equipment tested: 

a. Equipment identification, including: 

1) Name and tag numbers identified in the Contract Documents. 

2) Manufacturer’s serial numbers. 

3) Other pertinent manufacturer identification, 

b. Date and time of each test. 

c. Ambient conditions including temperature, humidity, and precipitation. 

d. Visual inspection report. 

e. Description of test and referenced standards, if any, followed while 
conducting tests. 

f. Results of initial and all retesting. 

g. Acceptance criteria. 

h. “As found” and “as left” conditions. 

i. Corrective action, if required, taken to meet acceptance. 

j. Verification of corrective action signed by the Contractor, equipment 
supplier, and Owner’s representative. 

k. Instrument calibration dates of all instruments used in testing. 

5. Provide three (3) bound final reports prior to Project final completion. 
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PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Motors: See Section 26 05 09 Motors 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MANUFACTURED UNITS 

A. General: 

1. Furnished equipment manufacturer’s field quality control services and 
testing as specified in the individual equipment Specification Sections. 

2. Execute pre-demonstration requirements in accordance with Specification 
Section 01 75 00. 

3. Perform and report on all tests required by the equipment manufacturer’s 
Operation and Maintenance Manual. 

4. Provide testing of electrical equipment and connections in accordance with 
Division 26. 

5. Equip testing and analysis personnel with all appropriate project related 
reference material required to perform tests, analyze results, and provide 
documentation including, but not limited to: 

a. Contract Drawings and Specifications. 

b. Related construction change documentation. 

c. Approved Shop Drawings. 

d. Approved Operation and Maintenance Manuals. 

e. Other pertinent information as required. 

B. Electric Motors: 

1. See Section 26 05 09. 

C. Submersible Motors:  Refer to individual narrow-scope Specification Sections 
for submersible motor requirements. 

D. V-Belt Drive: 

1. Provide each V-belt drive with sliding base or other suitable tension 
adjustment. 

2. Provide V-belt drives with a service factor of at least 1.6 at maximum 
speed. 

3. Provide staticproof belts.  
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2.3 COMPONENTS 

A. Gear Drives and Drive Components: 

1. Size drive equipment capable of supporting full load including losses in 
speed reducers and power transmission. 

2. Provide nominal input horsepower rating of each gear or speed reducer at 
least equal to nameplate horsepower of drive motor. 

3. Design drive units for 24 HR continuous service, constructed so oil leakage 
around shafts is precluded. 

4. Utilize gears, gear lubrication systems, gear drives, speed reducers, speed 
increasers and flexible couplings meeting applicable standards of AGMA. 

5. Gear reducers: 

a. Provide gear reducer totally enclosed and oil lubricated. 

b. Utilize antifriction bearings throughout. 

c. Provide worm gear reducers having a service factor of at least 1.20. 

d. Furnish other helical, spiral bevel, and combination bevel-helical gear 
reducers with a service factor of at least 1.50. 

2.4 ACCESSORIES 

A. Guards: 

1. Provide each piece of equipment having exposed moving parts with full 
length, easily removable guards, meeting OSHA requirements. 

2. Interior applications: 

a. Construct from expanded galvanized steel rolled to conform to shaft or 
coupling surface. 

b. Utilize non-flattened type 16 GA galvanized steel with nominal 1/2 IN 
spacing. 

c. Connect to equipment frame with hot-dip galvanized bolts and wing 
nuts. 

3. Exterior applications: 

a. Construct from 16 GA stainless steel or aluminum. 

b. Construct to preclude entrance of rain, snow, or moisture. 

c. Roll to conform to shaft or coupling surface. 

d. Connect to equipment frame with stainless steel bolts and wing nuts. 

B. Anchorage: 

1. Cast-in-place anchorage: 

a. Provide ASTM F593, Type 316 stainless steel anchorage for all 
equipment. 
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b. Configuration and number of anchor bolts shall be per manufacturer's 
recommendations. 

c. Provide two (2) nuts for each bolt. 

2. Drilled anchorage: 

a. Adhesive anchors per Specification Section 05 50 00. 

b. Epoxy grout per Specification Section 03 31 30. 

c. Threaded rods same as cast-in-place. 

C. Data Plate: 

1. Attach a stainless steel data plate to each piece of rotary or reciprocating 
equipment. 

2. Permanently stamp information on data plate including manufacturer's 
name, equipment operating parameters, serial number and speed. 

D. Gages: 

1. Provide gages in accordance with Specification Section 40 91 10. 

2. Provide at the following locations: 

a. Inlet and outlet of all reciprocating, centrifugal and positive 
displacement mechanical and process equipment. 

b. At locations identified on Drawings and at locations specified in 
Specification Section 40 91 10. 

3. Utilize tapping sleeves for mounting per Specification Section 40 05 13. 

E. Lifting Eye Bolts or Lugs: 

1. Provide on all equipment 50 LBS or greater. 

2. Provide on other equipment or products as specified in the narrow-scope 
Specification Sections. 

F. Platforms and Ladders: 

1. Design and fabricate in accordance with OSHA Standards. 

2. Fabricate components from galvanized steel. 

3. Provide platform surface:  Non-skid grating unless specified in narrow-
scope Specification Sections. 

2.5 FABRICATION 

A. Design, fabricate, and assemble equipment in accordance with modern 
engineering and shop practices. 

B. Manufacture individual parts to standard sizes and gages so that repair parts, 
furnished at any time, can be installed in field. 

C. Furnish like parts of duplicate units to be interchangeable. 
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D. Ensure that equipment has not been in service at any time prior to delivery, 
except as required by tests. 

E. Furnish equipment which requires periodic internal inspection or adjustment 
with access panels which will not require disassembly of guards, dismantling of 
piping or equipment or similar major efforts. 

1. Quick opening but sound, securable access ports or windows shall be 
provided for inspection of chains, belts, or similar items. 

F. Provide common, lipped base plate mounting for equipment and equipment 
motor where said mounting is a manufacturer's standard option. 

1. Provide drain connection for 3/4 IN PVC tubing. 

G. Machine the mounting feet of rotating equipment. 

H. Fabricate equipment which will be subject to Corrosive Environment in such a 
way as to avoid back to back placement of surfaces that cannot be properly 
prepared and painted. 

1. When such back to back fabrication cannot be avoided, provide continuous 
welds to seal such surfaces from contact with corrosive environment. 

2. Where continuous welds are not practical, after painting seal the back to 
back surfaces from the environment in accordance with Specification 
Section 07 92 00. 

I. Critical Speed: 

1. All rotating parts accurately machined and in as near perfect rotational 
balance as practicable. 

2. Excessive vibration is sufficient cause for equipment rejection. 

3. Ratio of all rotative speeds to critical speed of a unit or components:  
Greater than 1.2. 

J. Control Panels Engineered and Provided with the Equipment by the 
Manufacturer: 

1. Manufacturer’s standard design for components and control logic unless 
specific requirements are specified in the specific equipment Specification 
Section. 

2. NEMA or IEC rated components are acceptable, whichever is used in the 
manufacturer’s standard engineered design, unless specific requirements 
are required in the specific equipment Specification Section. 

3. Affix entire assembly with a UL 508A label “Listed Enclosed Industrial 
Control Panel prior to delivery. 

a. Control panels without an affixed UL 508A label shall be rejected. 

2.6 SHOP OR FACTORY PAINT FINISHES 

A. Electrical Equipment: 
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1. Provide factory-applied paint coating system(s) for all electrical equipment 
components except those specified in Specification Section 09 91 00 to 
receive field painting. 

a. Field painted equipment:  See Specification Section 09 91 00 for factory 
applied primer/field paint compatibility requirements. 

B. See Specification Section 40 98 00 for additional equipment receiving factory 
painting. 

C. Field paint other equipment in accordance with Specification Section 09 91 00. 

1. See Specification Section 09 91 00 for factory applied primer/field paint 
compatibility requirements. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install equipment as shown on Drawings and in accordance with manufacturer's 
directions. 

B. Utilize templates for anchorage placement for slab-mounted equipment. 

C. For equipment having drainage requirements such as seal water, provide 3/4 IN 
PVC or clear plastic tubing from equipment base to nearest floor or equipment 
drain. 

1. Route clear of major traffic areas and as approved by Owner’s 
representative. 

D. Do not construct foundations until major equipment supports are approved. 

E. Extend all non-accessible grease fittings using stainless steel tubing to a 
location which allows easy access of fittings from closest operating floor level. 

F. Equipment Base: 

1. Construct level in both directions. 

2. Take particular care at anchor bolt locations so these areas are flat and 
level. 

G. Machine Base: 

1. Mount machine base of rotating equipment on equipment base. 

a. Level in both directions, using a machinist level, according to machined 
surfaces on base. 

2. Level machine base on equipment base and align couplings between driver 
and driven unit using steel blocks and shims. 

a. Size blocks and shims to provide solid support at each mounting bolt 
location. 
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1) Provide area size of blocks and shims approximately 1-1/2 times 
area support surface at each mounting bolt point. 

b. Provide blocks and shims at each mounting bolt. 

1) Furnish blocks and shims that are square shape with "U" cut out to 
allow blocks and shims to be centered on mounting bolts. 

c. After all leveling and alignment has been completed and before 
grouting, tighten mounting bolts to proper torque value. 

H. Couplings: 

1. Align in the angular and parallel positions. 

a. For equipment rotating at 1200 rpm or less, align both angular and 
parallel within 0.001 IN tolerance for couplings 4 IN size and smaller. 

1) Couplings larger than 4 IN size:  Increase tolerance 0.0005 IN per 
inches of coupling diameter, i.e., allow 6 IN coupling 0.002 IN 
tolerance, and allow a 10 IN coupling 0.004 IN tolerance. 

b. For equipment rotating at speeds greater than 1200 rpm allow both 
annular and parallel positions within a tolerance rate of 0.00025 IN per 
inch coupling diameter. 

2. If equipment is delivered as a mounted unit from factory, verify factory 
alignment on site after installation and realigned if necessary. 

3. Check surfaces for runout before attempting to trim or align units. 

I. Grouting: 

1. After machine base has been shimmed, leveled onto equipment base, 
couplings aligned and mounting bolts tightened to correct torque value, 
place a dam or formwork around base to contain grouting between 
equipment base and equipment support pad. 

a. Extend dam or formwork to cover leveling shims and blocks. 

b. Do not use nuts below the machine base to level the unit. Or if used, 
back off nuts after shims are installed. 

2. Saturate top of roughened concrete subbase with water before grouting. 

a. Add grout until entire space under machine base is filled to the top of 
the base underside. 

b. Puddle grout by working a stiff wire through the grout and vent holes to 
work grout in place and release any entrained air in the grout or base 
cavity. 

3. When the grout has sufficiently hardened, remove dam or formwork and 
finish the exposed grout surface to fine, smooth surface. 

a. Cover exposed grout surfaces with wet burlap and keep covering 
sufficiently wet to prevent too rapid evaporation of water from the grout. 
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b. When the grout has fully hardened (after a minimum of seven (7) days) 
tighten all anchor bolts to engage equipment base to grout, shims, and 
equipment support pad. 

c. Recheck driver-driven unit for proper alignment. 

3.2 IDENTIFICATION OF EQUIPMENT AND HAZARD WARNING SIGNS 

A. Identify equipment and install hazard warning signs in accordance with 
Specification Section 10 14 00. 

3.3 FIELD PAINTING AND PROTECTIVE COATINGS 

A. For required field painting and protective coatings, comply with Specification 
Section 09 91 00. 

3.4 WIRING CONNECTIONS AND TERMINATION 

A. Clean wires before installing lugs and connectors. 

B. Tape stripped ends of conductors and associated connectors with electrical 
tape. 

1. Wrapping thickness shall be 150 percent of the conductor insulation 
thickness. 

C. Connections to carry full ampacity of conductors without temperature rise. 

D. Terminate spare conductors with electrical tape. 

3.5 FIELD QUALITY CONTROL 

A. Furnish equipment manufacturer services as specified in the individual 
equipment Specifications. 

B. For all equipment specifically required in detailed specifications, secure 
services of experienced, competent, and authorized representative(s) of 
equipment manufacturer to visit site of work and inspect, check, adjust and 
approve equipment installation. 

1. In each case, representative(s) shall be present during placement and start-
up of equipment and as often as necessary to resolve any operational 
issues which may arise. 

C. Secure from equipment manufacturer's representative(s) a written report 
certifying that equipment: 

1. Has been properly installed and lubricated. 

2. Is in accurate alignment. 

3. Is free from any undue stress imposed by connecting piping or anchor bolts. 

4. Has been operated under full load conditions and that it operated 
satisfactorily. 
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a. Secure and deliver a field written report to Owner immediately prior to 
leaving jobsite. 

D. No separate payment shall be made for installation checks. 

1. All or any time expended during installation check does not qualify as 
Operation and Maintenance training or instruction time when specified. 

E. Inspect wire and connections for physical damage and proper connection. 

F. Bump motor to check for correct rotation: 

1. Ensure motor has been lubricated. 

2. Check prior to connection to driven equipment. 

G. Subbase that supports the equipment base and that is made in the form of a 
cast iron or steel structure that has supporting beams, legs and cross member 
that are cast welded or bolted, shall be tested for a natural frequency of 
vibration after equipment is mounted. 

1. Keep the ratio of the natural frequency of the structure to the frequency of 
the disturbing force out of the range from 0.5 to 1.5. 

H. Equipment Vibration Monitoring and Testing: 

1. Utilize an Owner approved testing agency to perform vibration monitoring 
and testing on equipment defined in the schedule as mentioned in the 
attachments. 

2. Permanently attach vibration test and monitoring mounting pads to the 
equipment at locations recommended by the equipment manufacturer or as 
recommended by the vibration testing agency. 

3. Utilize mounting pads suitable for permanent installation and for 
incorporation into a predictable maintenance program. 

4. For variable speed equipment provide vibration testing at 1 Hz increments 
throughout entire operating range. 

5. Diagnosis to include, but is not limited to the following: 

a. Unbalance. 

b. Misalignment. 

c. Bent shaft. 

d. Journal bearing related problems. 

e. Rolling contract bearing problems. 

f. Mechanical looseness. 

g. Resonance. 

h. Foundation flexibility. 

i. Electrically induced problems. 

j. Pump problems. 

k. Fan problems. 
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l. Coupling problems. 

m. Drive belt problems. 

n. Gear problems. 

o. Centrifugal compressor problems. 

p. Electric motor induced vibration from AFD or AFD carrier frequency. 

6. Provide machinery condition diagnosis based on an acceptable machinery 
vibration severity guide or machinery fault guide analysis provided by the 
testing agency, ISO 1940 Balance Quality Grade 6.3 as a minimum. 

7. Tolerances for pumping equipment shall be per HI published standards. 

8. Repair or replace equipment shown to be out of range of the specified 
tolerance until the equipment meets the specified normal operation range 
required in the machinery fault guide analysis. 

9. Document testing with written report. 

a. Report to include initial testing results, acceptance criteria, corrective 
action taken to meet acceptance, verification of corrective action and 
acceptance report and baseline. 

I. Instruments Used in Equipment and Connections Quality Control Testing: 

1. Minimum calibration frequency: 

a. Field analog instruments:  Not more than 6 months. 

b. Field digital instruments:  Not more than 12 months. 

c. Laboratory instruments:  Not more than 12 months. 

d. If instrument manufacturer’s calibration requirements are more 
stringent, those requirements shall govern. 

2. Carry current calibration status and labels on all testing instruments. 

3. See individual testing programs for additional instrumentation compliance 
requirements. 

J. Vibration Monitoring and Testing Program: 

1. Perform vibration monitoring and testing for equipment specified in other 
Divisions during the Equipment Demonstration Period. 

2. Provide vibration testing on all rotating and reciprocating equipment having 
driver 25 HP and greater. 

3. Additional requirements for vibration monitoring and testing equipment: 

a. Frequency response:  0.18 Hz to 25 kHz. 

b. Resolution:  6400 lines. 

c. Amplitude range:  18 bit for 96 dB dynamic range. 

d. Supports measurements of acceleration, velocity, displacement, 
envelope demodulation for bearing defect detection. 

e. Capable of two-place computer balancing. 
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f. Requirements for vibration sensor: 

1) Sensitivity:  +/- 5 percent at 25 DegC= 100 mV/g. 

2) Acceleration range:  80 g peak. 

3) Amplitude nonlinearity:  1 percent. 

4) Frequency response: 

a) +/- 5 percent = 3-5000 Hz. 

b) +/- 10 percent = 1-9000 Hz. 

5) Permanently attach vibration test and monitoring mounting pads to 
mechanical equipment at location recommended by the equipment 
manufacturer or as recommended by the testing firm. 

6) Acceptability of equipment conditions, except pumps, based on ISO 
1940-1 Balance Quality Grade G2.5 criteria. 

7) Acceptability of pumping equipment to be based on HI 9.6.4 criteria 
or as noted in pump equipment specification. 

8) Repair or replace equipment shown to be out of range of the 
acceptable tolerance until the equipment meets or exceeds 
acceptability standards. 

K. Infrared Thermography Testing Program: 

1. Perform infrared thermography testing for equipment specified in other 
Divisions during the Equipment Demonstration Period. 

a. Perform on all rotating and reciprocating equipment having drivers 25 
HP or greater. 

b. Perform on electrical equipment and connections:  See Specification 
Section 26 08 13. 

2. Additional requirements for infrared thermography monitoring and testing 
equipment: 

a. Temperature range:  -10 to 350 DegC. 

b. Accuracy: +/-2 percent or 2 DegC, whichever is greater. 

c. Repeatability:  +/-1 percent or 1 DegC, whichever is greater. 

d. Temperature indication resolution:  0.1 DegC. 

e. Minimum focus distance:  0.3 meters. 

f. Output in color palettes:  JPEG, BMP, or other digital format compatible 
with Windows. 

3. Perform inspection per ASTM E1934. 

a. Operate AFD driven equipment at 100 percent speed during 
thermographic inspection. 

4. Acceptability of electrical connections and components based on 
temperature comparison between components and ambient air 
temperatures not greater than 10 DegC per ASTM E1934. 
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5. Acceptability of motors and equipment bearings based on temperature rise 
not greater than 5 DegC above the equipment and/or bearing 
manufacturers published criteria. 

6. Repair or replace equipment shown to be out of range of the acceptable 
tolerance until the equipment meets or exceeds acceptability standards. 

L. Electrical Equipment and Connections Testing Program: 

1. Perform testing on Division 26 equipment and connections in accordance 
with Division 26 requirements. 

2. Testing of motors: 

a. After installation and prior to energizing the motor, perform inspections 
and tests per NETA ATS 7.15 for all motors 25 HP or above. 

b. Bump motor to check for correct rotation. 

3. Repair or replace equipment shown to be out of range of the acceptable 
tolerance until the equipment meets or exceeds acceptability standards. 

M. Other Testing: 

1. Perform tests and inspections not specifically listed but required to assure 
equipment is safe to energize and operate. 

2. Subbase that supports the equipment base and that is made in the form of 
a cast iron or steel structure that has supporting beams, legs, and cross 
members that are cast, welded, or bolted shall be tested for a natural 
frequency of vibration after equipment is mounted. 

a. The ratio of the natural frequency of the structure to the frequency of 
the disturbing force shall not be between 0.5 and 1.5. 

3.6 DEMONSTRATION 

A. Demonstrate equipment in accordance with Specification Section 01 75 
00.Specifier:  . 

END OF SECTION 
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Area Spec No. Size Parameters

CPS - 01 - S - FM - 01 001 Mag Insertion Flow Meter Incoming Chemical Injection Station 40 91 10 72" Flow Range: 15.7 - 161 MGD (17 – 22 psi)
CPS - 01 - S - MIX - 01 001 Static Mixer Incoming Chemical Injection Station 46 41 12 72" Flow Range: 15.7 - 161 MGD (17 – 22 psi)
CPS - 01 - SH - SP - 02 001 Sump Pump 84" Suction Header 43 21 22 365 GPM See Specification
CPS - 01 - DH - MIX - 03 001 Static Mixer Outgoing Chemical Injection Station 46 41 12 72" Flow Range: 42.5 - 200 MGD (68 – 92 psi)
CPS - 01 - LS - SLSP - 04 001 Submersible Non-clog Pump Sanitary Lift Station 33 32 13 16,100 GPD See Specification
CPS - 01 - LS - SLSP - 04 002 Submersible Non-clog Pump Sanitary Lift Station 33 32 13 16,100 GPD See Specification
CPS - 01 - LS - FM - 04 001 Electromagnetic Flow Meter Sanitary Lift Station 33 32 13 4" See Specification
CPS - 03 - HSP1 - HSP - 01 001 Horizontal Split Pump High Service Pump No. 1 43 21 09 34.2 MGD Flow Range: 0 - 34.2 MGD
CPS - 03 - HSP2 - HSP - 02 001 Horizontal Split Pump High Service Pump No. 2 43 21 09 34.2 MGD Flow Range: 0 - 34.2 MGD
CPS - 03 - HSP3 - HSP - 03 001 Horizontal Split Pump High Service Pump No. 3 43 21 09 34.2 MGD Flow Range: 0 - 34.2 MGD
CPS - 03 - HSP4 - HSP - 04 001 Horizontal Split Pump High Service Pump No. 4 43 21 09 34.2 MGD Flow Range: 0 - 34.2 MGD
CPS - 03 - HSP1 - FM - 01 001 Electromagnetic Flow Meter High Service Pump No. 1 40 91 10 30" Flow Range: 0 - 34.2 MGD
CPS - 03 - HSP2 - FM - 02 001 Electromagnetic Flow Meter High Service Pump No. 2 40 91 10 30" Flow Range: 0 - 34.2 MGD
CPS - 03 - HSP3 - FM - 03 001 Electromagnetic Flow Meter High Service Pump No. 3 40 91 10 30" Flow Range: 0 - 34.2 MGD
CPS - 03 - HSP4 - FM - 04 001 Electromagnetic Flow Meter High Service Pump No. 4 40 91 10 30" Flow Range: 0 - 34.2 MGD
CPS - 03 - HSP1 - BC - 01 001 Bridge Crane Pump Room 41 22 13 14 Ton 18'-6" Pendant Control Plus Ratio Transmitter
CPS - 04 - CLT1 - CLT - 01 001 NaOCl Bulk Storage Tank NaOCl Bulk Storage Tank No. 1 46 33 93 7,300 GAL See Specification
CPS - 04 - CLT2 - CLT - 02 001 NaOCl Bulk Storage Tank NaOCl Bulk Storage Tank No. 2 46 33 93 7,300 GAL See Specification
CPS - 04 - CLP1 - CLP - 01 001 NaOCl Pump NaOCl Pump No. 1 46 33 44 32 GPH Flow Range: 4.58 - 29.18 GPH (Suction max 4.1 psi)
CPS - 04 - CLP2 - CLP - 02 001 NaOCl Pump NaOCl Pump No. 2 46 33 44 32 GPH Flow Range: 4.58 - 29.18 GPH (Suction max 4.1 psi)
CPS - 04 - CLP3 - CLP - 03 001 NaOCl Pump NaOCl Pump No. 3 46 33 44 32 GPH Flow Range: 4.58 - 29.18 GPH (Suction max 4.1 psi)
CPS - 04 - LAST1 - LAST - 01 001 LAS Bulk Storage Tank LAS Bulk Storage Tank No. 1 46 33 93 2,500 GAL See Specification
CPS - 04 - LAST2 - LAST - 02 001 LAS Bulk Storage Tank LAS Bulk Storage Tank No. 2 46 33 93 2,500 GAL See Specification
CPS - 04 - LASP1 - LASP - 01 001 LAS Pump LAS Pump No. 1 46 33 44 8 GPH Flow Range: 0.55 - 5.29 GPH (Suction max 4.6 psi)
CPS - 04 - LASP2 - LASP - 02 001 LAS Pump LAS Pump No. 2 46 33 44 8 GPH Flow Range: 0.55 - 5.29 GPH (Suction max 4.6 psi)
CPS - 04 - LASP2 - LASP - 02 001 LAS Pump LAS Pump No. 3 46 33 44 8 GPH Flow Range: 0.55 - 5.29 GPH (Suction max 4.6 psi)
CPS - 04 - A1 - P - 01 001 Sample Recirculator Pump Sample Recirculator Pump No. 1 46 75 06 8.6 GPH See Specification
CPS - 04 - A1 - P - 01 002 Sample Recirculator Pump Sample Recirculator Pump No. 2 47 75 06 8.6 GPH See Specification
CPS - 04 - A1 - P - 01 003 Sample Recirculator Pump Sample Recirculator Pump No. 3 48 75 06 8.6 GPH See Specification
CPS - 04 - A1 - A - 01 001 Analyzer Chemical Analyzer Room (Incoming) 46 75 05 NA See Specification
CPS - 04 - A2 - A - 02 001 Analyzer Chemical Analyzer Room (Outgoing) 46 75 05 NA See Specification
CPS - 05 - GST1 - GST - 01 001 Ground Storage Tank Ground Storage Tank No. 1 33 16 32 15 MGD See Specification
CPS - 05 - GST2 - GST - 02 001 Ground Storage Tank Ground Storage Tank No. 2 33 16 32 15 MGD See Specification
CPS - 05 - GST1 - SP - 01 001 Sump Pump Ground Storage Tank No. 1 43 21 22 365 GPM See Specification
CPS - 05 - GST2 - SP - 02 001 Sump Pump Ground Storage Tank No. 2 43 21 22 365 GPM See Specification

Tagging
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SECTION 40 05 13 

PIPE AND PIPE FITTINGS:  BASIC REQUIREMENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes:  

1. Process piping systems. 

2. Utility piping systems. 

3. Plumbing piping systems. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 09 91 00 - Painting and Protective Coatings. 

4. Section 10 14 00 - Identification Devices. 

5. Section 31 21 33 - Trenching, Backfill, and Compacting for Utilities 

6. Section 40 05 05 - Equipment:  Basic Requirements. 

7. Section 40 05 16 - Pipe Support Systems. 

8. Section 40 05 23 - Valves:  Basic Requirements. 

9. Section 40 41 13 - Heat Tracing Cable. 

10. Section 40 42 00 - Pipe, Duct and Equipment Insulation. 

11. Section 40 90 00 - Instrumentation for Process Control:  Basic 
Requirements. 

12. Section 40 91 10 - Primary Elements and Transmitters. 

13. Section 46 24 15 - Chemical Piping, Valves, and Appurtenances. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 
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1. American Association of State Highway and Transportation Officials 
(AASHTO): 

a. M36, Corrugated Steel Culverts and Underdrains. 

b. M190, Standard Specification for Bituminous Coated Corrugated Metal 
Culvert Pipe and Pipe Arches. 

c. M252, Standard Specification for Corrugated Polyethylene Drainage 
Tubing. 

d. M294, Interim Specification for Corrugated Polyethylene Pipe 12 to 24 
Inch Diameter. 

2. American Iron and Steel Institute (AISI). 

3. American Society of Mechanical Engineers (ASME): 

a. B16.3, Malleable Iron Threaded Fittings. 

b. B16.5, Pipe Flanges and Flanged Fittings. 

c. B16.9, Factory-Made Wrought Steel Butt-Welding Fittings. 

d. B16.22, Wrought Copper and Bronze Solder - Joint Pressure Fittings. 

e. B16.26, Cast Copper Alloy Fittings for Flared Copper Tubes. 

f. B36.19, Stainless Steel Pipe. 

g. B40.100, Pressure Gauges and Gauge Attachments. 

4. ASTM International (ASTM): 

a. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless. 

b. A74, Standard Specification for Cast Iron Soil Pipe and Fittings. 

c. A106, Standard Specification for Seamless Carbon Steel Pipe for High-
Temperature Service. 

d. A126, Standard Specification for Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings. 

e. A182, Standard Specification for Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves and Parts for High-Temperature 
Service. 

f. A197, Standard Specification for Cupola Malleable Iron. 

g. A234, Standard Specification for Pipe Fittings of Wrought Carbon Steel 
and Alloy Steel for Moderate and High Temperature Service. 

h. A269, Standard Specification for Seamless and Welded Austenitic 
Stainless Steel Tubing for General Service. 

i. A312, Standard Specification for Seamless, Welded, and Heavily Cold 
Worked Austenitic Stainless Steel Pipes. 

j. A518, Standard Specification for Corrosion-Resistant High-Silicon Iron 
Castings. 

k. A536, Standard Specification for Ductile Iron Castings. 
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l. A587, Standard Specification for Electric-Resistance-Welded Low-
Carbon Steel Pipe for the Chemical Industry. 

m. A774, Standard Specification for As-Welded Wrought Austenitic 
Stainless Steel Fittings for General Corrosive Service at Low and 
Moderate Temperatures. 

n. A778, Standard Specification for Welded, Unannealed Austenitic 
Stainless Steel Tubular Products. 

o. B88, Standard Specification for Seamless Copper Water Tube. 

p. C14, Standard Specification for Concrete Sewer, Storm Drain, and 
Culvert Pipe. 

q. C76, Standard Specification for Reinforced Concrete Culvert, Storm 
Drain, and Sewer Pipe. 

r. C425, Standard Specification for Compression Joints for Vitrified Clay 
Pipe and Fittings. 

s. C443, Standard Specification for Joints for Concrete Pipe and 
Manholes, Using Rubber Gaskets. 

t. C564, Standard Specification for Rubber Gaskets for Cast Iron Soil 
Pipe and Fittings. 

u. C700, Standard Specification for Vitrified Clay Pipe, Extra Strength, 
Standard Strength and Perforated. 

v. D1785, Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic 
Pipe, Schedules 40, 80, and 120. 

w. D2466, Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 40. 

x. D2467, Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 80. 

y. D4101, Standard Specification for Polypropylene Plastic Injection and 
Extrusion Materials. 

z. F439, Standard Specification for Chlorinated Poly (Vinyl Chloride) 
(CPVC) Plastic Pipe Fittings, Schedule 80. 

aa. F441, Standard Specification for Chlorinated Poly (Vinyl Chloride) 
(CPVC) Plastic Pipe, Schedules 40 and 80. 

bb. F491, Standard Specification for Poly (Vinylidene Fluoride) (PVDF) 
Plastic-Lined Ferrous Metal Pipe and Fittings. Not applicable to PCS #1 
and #3. 

5. American Water Works Association (AWWA): 

a. B300, Standard for Hypochlorites. 

b. C200, Standard for Steel Water Pipe - 6 IN and Larger. 

c. C207, Standard for Steel Pipe Flanges for Waterworks Service - Sizes 
4 IN through 144 IN. 
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d. C208, Standard for Dimensions for Fabricated Steel Water Pipe 
Fittings. 

e. C606, Standard for Grooved and Shouldered Joints. 

f. C651, Standard for Disinfecting Water Mains. 

g. C800, Standard for Underground Service Line Valves and Fittings. 

6. American Water Works Association/American National Standards Institute 
(AWWA/ANSI): 

a. C110/A21.10, Standard for Ductile-Iron and Gray-Iron Fittings for 
Water. 

b. C111/A21.11, Standard for Rubber-Gasket Joints for Ductile-Iron 
Pressure Pipe and Fittings. 

c. C115/A21.15, Standard for Flanged Ductile-Iron Pipe with Ductile-Iron 
or Gray-Iron Threaded Flanges. 

d. C151/A21.51, Standard for Ductile-Iron Pipe, Centrifugally Cast, for 
Water. 

e. C153/A21.53, Standard for Ductile-Iron Compact Fittings for Water 
Service. 

7. Chlorine Institute, Inc. (CI): 

a. Pamphlet 6, Piping Systems for Dry Chlorine. 

8. Cast Iron Soil Pipe Institute (CISPI): 

a. 301, Standard Specification for Hubless Cast Iron Soil Pipe and Fittings 
for Sanitary and Storm Drain, Waste, and Vent Piping Applications. 

9. International Plumbing Code (IPC). 

10. National Fire Protection Association (NFPA): 

a. 54, National Fuel Gas Code. 

b. 69, Standard on Explosion Prevention Systems. 

11. Underwriters Laboratories, Inc. (UL). 

B. Coordinate flange dimensions and drillings between piping, valves, and 
equipment. 

1.4 DEFINITIONS 

A. Hazardous Gas Systems:  Digester gas, chlorine gas, sulfur dioxide gas, 
carbon dioxide gas, lab gases. 

B. PVDF:  Polyvinylidene fluoride. 

1.5 SYSTEM DESCRIPTION 

A. Piping Systems Organization and Definition: 

1. Piping services are grouped into designated systems according to the 
chemical and physical properties of the fluid conveyed, system pressure, 
piping size and system materials of construction. 
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2. See PIPING SPECIFICATION SCHEDULES in PART 3. 

1.6 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Copies of manufacturer's written directions regarding material handling, 
delivery, storage and installation. 

c. Separate schedule sheet for each piping system scheduled in this 
Specification Section showing compliance of all system components. 

 Attach technical product data on gaskets, pipe, fittings, and other 
components. 

3. Fabrication and/or layout drawings: 

a. Exterior yard piping drawings (minimum scale 1 IN equals 10 FT) with 
information including: 

 Dimensions of piping lengths. 

 Invert or centerline elevations of piping crossings. 

 Acknowledgement of bury depth requirements. 

 Details of fittings, tapping locations, thrust blocks, restrained joint 
segments, harnessed joint segments, hydrants, and related 
appurtenances. 

 Acknowledge designated valve or gate tag numbers, manhole 
numbers, instrument tag numbers, pipe and line numbers. 

 Line slopes and vents. 

b. Interior piping drawings (minimum scale 1/8 IN equals 1 FT) with 
information including: 

 Dimensions of piping from column lines or wall surfaces. 

 Centerline dimensions of piping. 

 Centerline elevation and size of intersecting ductwork, 
conduit/conduit racks, or other potential interferences requiring 
coordination. 

 Location and type of pipe supports and anchors. 

 Locations of valves and valve actuator type. 

 Details of fittings, tapping locations, equipment connections, flexible 
expansion joints, connections to equipment, and related 
appurtenances. 

 Acknowledgement of valve, equipment and instrument tag numbers. 
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 Provisions for expansion and contraction. 

 Line slopes and air release vents. 

 Rough-in data for plumbing fixtures. 

c. Schedule of interconnections to existing piping and method of 
connection. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

C. Miscellaneous Submittals: 

1. Qualifications of lab performing disinfection analysis on water systems. 

2. Proposed pipe line disinfection procedures. See Specification Section 33 05 
06. 

3. Test reports: 

a. Copies of pressure test results on all piping systems. 

b. Reports defining results of dielectric testing and corrective action taken. 

c. Disinfection test report. 

d. Notification of time and date of piping pressure tests. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Protect pipe coating during handling using methods recommended by 
manufacturer. 

1. Use of bare cables, chains, hooks, metal bars or narrow skids in contact with 
coated pipe is not permitted. 

B. Prevent damage to pipe during transit. 

1. Repair abrasions, scars, and blemishes. 

2. If repair of satisfactory quality cannot be achieved, replace damaged material 
immediately. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Insulating unions: 

a. "Dielectric" by Epco. 

2. Dirt strainers (Y type): 

a. Mueller (#351). 
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b. Sarco. 

c. Armstrong. 

3. Dry disconnect couplings: 

a. Kamlock. 

4. Dielectric flange kit: 

a. See Specification Section 13 47 13 

5. Pipe saddles (for gauge installation): 

a. Dresser Style 91 (steel and ductile iron systems). 

b. Dresser Style 194 (non-metallic systems). 

6. Dismantling joints (restrained with tie rods): 

a. Dresser Style 131. 

b. Baker Dismantling Joint. 

c. ROMAC Style DJ400. 

7. Monolithic Insulation Joint 

a. See Specification Section 13 47 13 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 PIPING SPECIFICATION SCHEDULES 

A. Piping system materials, fittings and appurtenances are subject to requirements 
of specific piping specification schedules located at the end of PART 3 of this 
Specification Section. 

2.3 COMPONENTS AND ACCESSORIES 

A. Insulating Components: 

1. Dielectric flange kits: 

a. See Specification Section 13 47 13. 

b. Suitable for 175 psi, 210 DegF. 

2. Dielectric unions: 

a. Screwed end connections. 

b. Rated at 175 psi, 210 DegF. 

c. Provide dielectric gaskets suitable for continuous operation at union 
rated temperature and pressure. 

B. Dirt Strainers: 

1. Y-type. 

2. Composition bronze. 

3. Rated for test pressure and temperature of system in which they are 
installed. 



PIPE AND PIPE FITTINGS:  WHCRWA 

BASIC REQUIREMENTS  CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
PIPE AND PIPE FITTINGS:  BASIC REQUIREMENTS 

40 05 13 - 8 OF 32 

4. 20 mesh Monel screen. 

5. Threaded bronze plug in the blowoff outlet. 

6. Threaded NPT end connections. 

C. Reducers: 

1. Furnish appropriate size reducers and reducing fittings to mate pipe to 
equipment connections. 

2. Connection size requirements may change from those shown on Drawings 
depending on equipment furnished. 

D. Protective Coating and Lining: 

1. Include pipe, fittings, and appurtenances where coatings, linings, paint, tests 
and other items are specified. 

2. Field paint pipe in accordance with Specification Section 09 91 00. 

E. Underground Warning Tape: 

1. See Specification Section 10 14 00. 

F. Pressure Gauges: 

1. See Specification Sections 40 05 05 and 40 91 10. 

G. Dry Disconnect Couplings: 

1. Adapters: 

a. Male adapters:  Size shown on Drawings. 

b. Adapters: 

 Female NPT end connection for sludge and flush applications. 

 Male NPT end connection for chemical applications. 

c. Construct adapters for sludge applications from cast iron or steel. 

d. Construct adapters for chemical and PVC system applications:  

 3 IN and below from polypropylene. 

 Above 3 IN size, provide stainless steel units. 

e. Construct adapters for chemical and CPVC system applications from 
CPVC. 

2. Couplers: 

a. Built-in valve and spring loaded poppet which close automatically when 
disconnected. 

b. Designed to remain with only one (1) arm locked in closed position. 

c. Construct couplers for sludge applications fabricated from material 
utilized for adapters. 

d. Construct couplers for chemical and PVC system applications 3 IN and 
less from polypropylene with stainless steel arms and pins. 
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 Above 3 IN, provide stainless steel units. 

e. Gasket:  Compatible with conveyed liquid. 

3. Dust caps:  For all adapters. 

H. Monolithic Insulation Joint: 

1. See Specification Section 13 47 13 

I. Valves: 

1. See schematics and details for definition of manual valves used in each 
system under 4 IN in size. 

a. See Specification Section 40 05 23 schedule for valve types 4 IN and 
above and for automatic valves used in each system. 

2. See Specification Section 40 05 23. 

J. Dismantling Joints: 

1. Provide dismantling joints with tie rods of sufficient number and strength to 
restrain joint as test pressure as indicated in Process Pipe Schedule. 

PART 3 - EXECUTION 

3.1 EXTERIOR BURIED PIPING INSTALLATION 

A. Unless otherwise shown on the Drawings, provide a minimum of 6 FT earth 
cover over exterior buried piping systems and appurtenances conveying water, 
fluids, or solutions subject to freezing. 

B. Enter and exit through structure walls, floors, and ceilings by using penetrations 
and seals specified in Specification Section 01 73 20 and as shown on Drawings. 

C. When entering or leaving structures with buried mechanical joint piping, install 
joint within 2 FT of point where pipe enters or leaves structure. 

1. Install second joint not more than 6 FT nor less than 4 FT from first joint. 

D. Install expansion devices as necessary to allow expansion and contraction 
movement. 

E. Laying Pipe in Trench: 

1. Excavate and backfill trench in accordance with Specification Section 31 21 
33. 

2. Clean each pipe length thoroughly and inspect for compliance to 
specifications. 

3. Grade trench bottom and excavate for pipe bell and lay pipe on trench 
bottom. 

4. Install gasket or joint material according to manufacturer's directions after 
joints have been thoroughly cleaned and examined. 
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5. Except for first two (2) joints, before making final connections of joints, install 
two (2) full sections of pipe with earth tamped along side of pipe or final with 
bedding material placed. 

6. Lay pipe in only suitable weather with good trench conditions. 

a. Never lay pipe in water except where approved by Owner’s 
representative. 

7. Seal open end of line with watertight plug if pipe laying stopped. 

8. Remove water in trench before removal of plug. 

F. Lining Up Push-On Joint Piping: 

1. Lay piping on route lines shown on Drawings. 

2. Deflect from straight alignments or grades by vertical or horizontal curves or 
offsets. 

3. Observe maximum deflection values stated in manufacturer's written 
literature. 

4. Provide special bends when specified or where required alignment exceeds 
allowable deflections stipulated. 

5. Install shorter lengths of pipe in such length and number that angular 
deflection of any joint, as represented by specified maximum deflection, is 
not exceeded. 

G. Anchorage and Blocking: 

1. Provide reaction blocking, anchors, joint harnesses, or other acceptable 
means for preventing movement of piping caused by forces in or on buried 
piping tees, wye branches, plugs, or bends. 

2. Place concrete blocking so that it extends from fitting into solid undisturbed 
earth wall. 

a. Concrete blocks shall not cover pipe joints. 

3. Provide bearing area of concrete in accordance with Drawing detail. 

H. Install underground hazard warning tape per Specification Section 10 14 00. 

I. Install insulating components where dissimilar metals are joined together. 

3.2 INTERIOR AND EXPOSED EXTERIOR PIPING INSTALLATION 

A. Install piping in vertical and horizontal alignment as shown on Drawings. 

B. Alignment of piping smaller than 4 IN may not be shown; however, install 
according to Drawing intent and with clearance and allowance for: 

1. Expansion and contraction. 

2. Operation and access to equipment, doors, windows, hoists, moving 
equipment. 

3. Headroom and walking space for working areas and aisles. 
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4. System drainage and air removal. 

C. Enter and exit through structure walls, floor and ceilings using penetrations and 
seals specified in Specification Section 01 73 20 and as shown on the Drawings. 

D. Install vertical piping runs plumb and horizontal piping runs parallel with 
structure walls. 

E. Pipe Support: 

1. Use methods of piping support as shown on Drawings and as required in 
Specification Section 40 05 16. 

2. Where pipes run parallel and at same elevation or grade, they may be 
grouped and supported from common trapeze-type hanger, provided hanger 
rods are increased in size as specified for total supported weight. 

a. The pipe in the group requiring the least maximum distance between 
supports shall set the distance between trapeze hangers. 

3. Size pipe supports with consideration to specific gravity of liquid being piped. 

F. Locate and size sleeves and castings required for piping system. 

1. Arrange for chases, recesses, inserts or anchors at proper elevation and 
location. 

G. Use reducing fittings throughout piping systems. 

1. Bushings will not be allowed unless specifically approved. 

H. Equipment Drainage and Miscellaneous Piping: 

1. Provide drip pans and piping at equipment where condensation may occur. 

2. Hard pipe stuffing box leakage to nearest floor drain. 

3. Avoid piping over electrical components such as motor control centers, 
panelboards, etc. 

a. If piping must be so routed, utilize 16 GA, 316 stainless steel drip pan 
under piping and over full length of electrical equipment. 

b. Hard pipe drainage to nearest floor drain. 

4. Collect system condensate at drip pockets, traps and blowoff valves. 

5. Provide drainage for process piping at locations shown on Drawings in 
accordance with Drawing details. 

6. For applications defined above and for other miscellaneous piping which is 
not addressed by a specific piping service category in PART 1, provide 304 
stainless steel piping and fittings. 

a. Size to handle application with 3/4 IN being minimum size provided. 

I. Unions: 

1. Install in position which will permit valve or equipment to be removed without 
dismantling adjacent piping. 
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2. Mechanical type couplings may serve as unions. 

3. Additional flange unions are not required at flanged connections. 

J. Install expansion devices on straight runs of pipe as called for on plans or in pipe 
schedule.  Expansion joints with less than 1” of movement shall be restrained 
joints.  Joints with more than 1 inch of movement shall have one end anchored 
as recommended by manufacturer and the other end with guides to allow 
unhampered axial movement.  Steel pipe shall have expansion joints at a 
maximum of every 60 feet unless otherwise shown on plans or describe herein. 

K. Provide full face gaskets on all systems. 

L. Anchorage and Blocking: 

1. Block, anchor, or harness exposed piping subjected to forces in which joints 
are installed to prevent separation of joints and transmission of stress into 
equipment or structural components not designed to resist those stresses. 

M. Equipment Pipe Connections: 

1. Equipment - General: 

a. Exercise care in bolting flanged joints so that there is no restraint on the 
opposite end of pipe or fitting which would prevent uniform gasket 
pressure at connection or would cause unnecessary stresses to be 
transmitted to equipment flanges. 

b. Where push-on joints are used in conjunction with flanged joints, final 
positioning of push-on joints shall not be made until flange joints have 
been tightened without strain. 

c. Tighten flange bolts at uniform rate which will result in uniform gasket 
compression over entire area of joint. 

 Provide tightening torque in accordance with manufacturer's 
recommendations. 

d. Support and match flange faces to uniform contact over their entire face 
area prior to installation of any bolt between the piping flange and 
equipment connecting flange. 

e. Permit piping connected to equipment to freely move in directions 
parallel to longitudinal centerline when and while bolts in connection 
flange are tightened. 

f. Align, level, and wedge equipment into place during fitting and 
alignment of connecting piping. 

g. Grout equipment into place prior to final bolting of piping but not before 
initial fitting and alignment. 

h. To provide maximum flexibility and ease of alignment, assemble 
connecting piping with gaskets in place and minimum of four (4) bolts 
per joint installed and tightened. 

 Test alignment by loosening flange bolts to see if there is any change 
in relationship of piping flange with equipment connecting flange. 
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 Realign as necessary, install flange bolts and make equipment 
connection. 

i. Provide utility connections to equipment shown on Drawings, scheduled 
or specified. 

2. Plumbing and HVAC equipment: 

a. Make piping connections to plumbing and HVAC equipment, including 
but not limited to installation of fittings, strainers, pressure reducing 
valves, flow control valves and relief valves provided with or as integral 
part of equipment. 

b. Furnish and install sinks, fittings, strainers, pressure reducing valves, 
flow control valves, pressure relief valves, and shock absorbers which 
are not specified to be provided with or as integral part of equipment. 

c. For each water supply piping connection to equipment, furnish and 
install union and gate or angle valve. 

 Provide wheel handle stop valve at each laboratory sink water supply. 

 Minimum size:  1/2 IN. 

d. Furnish and install "P" trap for each waste piping connection to 
equipment if waste is connected directly to building sewer system. 

 Size trap as required by IPC. 

e. Stub piping for equipment, sinks, lavatories, supply and drain fittings, 
key stops, "P" traps, miscellaneous traps and miscellaneous brass 
through wall or floor and cap and protect until such time when later 
installation is performed. 

N. Provide insulating components where dissimilar metals are joined together. 

O. Instrument Connections: 

1. See drawing details. 

3.3 CONNECTIONS WITH EXISTING PIPING 

A. Where connection between new work and existing work is made, use suitable 
and proper fittings to suit conditions encountered. 

B. Perform connections with existing piping at time and under conditions which will 
least interfere with service to customers affected by such operation. 

C. Undertake connections in fashion which will disturb system as little as possible. 

D. Provide suitable equipment and facilities to dewater, drain, and dispose of liquid 
removed without damage to adjacent property. 

E. Where connections to existing systems necessitate employment of past 
installation methods not currently part of trade practice, utilize necessary special 
piping components. 

F. Where connection involves potable water systems, provide disinfection methods 
as prescribed in this Specification Section. 
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G. Once tie-in to each existing system is initiated, continue work continuously until 
tie-in is made and tested. 

3.4 ACCESS PROVISIONS 

A. Provide access doors or panels in walls, floors, and ceilings to permit access to 
valves, piping and piping appurtenances requiring service. 

B. Size of access panels to allow inspection and removal of items served, 
minimum 10 x 14 IN size. 

C. Fabricate door and frame of minimum 14 GA, stretcher leveled stock, cadmium 
plated or galvanized after fabrication and fitted with screw driver lock of cam 
type. 

D. Provide with key locks, keyed alike, in public use areas. 

E. Furnish panels with prime coat of paint. 

F. Style and type as required for material in which door installed. 

G. Where door is installed in fire-rated construction, provide door bearing UL label 
required for condition. 

3.5 CATHODIC PROTECTION 

A. See Specification Section 13 47 13.   

3.6 HEAT TRACING 

A. See Specification Section 40 41 13. 

3.7 PRESSURE GAUGES 

A. Provide in accordance with Specification Section 40 91 10. 

B. Provide at locations shown on the Drawings and in Specification Section 40 05 
05. 

3.8 FIELD QUALITY CONTROL 

A. Pipe Testing - General: 

1. Test piping systems as follows: 

a. Test exposed, non-insulated piping systems upon completion of 
system. 

b. Test exposed, insulated piping systems upon completion of system but 
prior to application of insulation. 

c. Test concealed interior piping systems prior to concealment and, if 
system is insulated, prior to application of insulation. 

d. Test buried piping (insulated and non-insulated) prior to backfilling and, 
if insulated, prior to application of insulation. 

2. Utilize pressures, media and pressure test durations as specified in Piping 
Specification Schedules. 



WHCRWA PIPE AND PIPE FITTINGS: 

CENTRAL PUMP STATION BASIC REQUIREMENTS 

 

WHCRWA CENTRAL PUMP STATION 
PIPE AND PIPE FITTINGS:  BASIC REQUIREMENTS 

40 05 13 - 15 OF 32 

3. Isolate equipment which may be damaged by the specified pressure test 
conditions. 

4. Perform pressure test using calibrated pressure gauges and calibrated 
volumetric measuring equipment to determine leakage rates. 

a. Select each gauge so that the specified test pressure falls within the 
upper half of the gauge's range. 

b. Notify the Owner’s representative 24 HRS prior to each test. 

5. Completely assemble and test new piping systems prior to connection to 
existing pipe systems. 

6. Acknowledge satisfactory performance of tests and inspections in writing to 
Owner’s representative prior to final acceptance. 

7. Bear the cost of all testing and inspecting, locating and remedying of leaks 
and any necessary retesting and re-examination. 

B. Pressure Testing: 

1. Testing medium:  Unless otherwise specified in the Piping Specification 
Schedules, utilize the following test media. 

 

PIPE LINE SIZE 

(DIA) 

GRAVITY 

OR 

PUMPED 

SPECIFIED 

TEST 

PRESSURE 

TESTING 

MEDIUM 

Up to and including 

48 IN 

Gravity 25 psig or less Air or water 

Above 48 IN Gravity 25 psig or less Water 

All sizes Pumped 250 psig or less Water 

 

2. Allowable leakage rates: 

a. Hazardous gas systems, all exposed piping systems, all pressure 
piping systems and all buried, insulated piping systems which are 
hydrostatically pressure tested shall have zero leakage at the specified 
test pressure throughout the duration of the test. 

b. Hydrostatic exfiltration and infiltration for sanitary and stormwater 
sewers (groundwater level is below the top of pipe): 

 Leakage rate:  200 GAL per inch diameter per mile of pipe per day at 
average head on test section of 3 FT. 

 Average head is defined from groundwater elevation to average pipe 
crown. 
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 Acceptable test head leakage rate for heads greater than 3 FT:  
Acceptable leakage rate (gallons per inch diameter per mile per day) = 
115 x (actual test head to the 1/2 power). 

c. Hydrostatic infiltration test for sanitary and stormwater sewers 
(groundwater level is above the top of pipe): 

 Allowable leakage rate:  200 GAL per inch diameter per mile of pipe 
per day when depth of groundwater over top of pipe is 2 to 6 FT. 

 Leakage rate at heads greater than 6 FT:  Allowable leakage rate 
(gallons per inch diameter per mile of pipe per day) = 82 x (actual head 
to the 1/2 power). 

d. Non-hazardous gas and air systems which are tested with air shall have 
a maximum pressure drop of 5 percent of the specified test pressure 
throughout the duration of the test. 

e. For low pressure (less than 25 psig) air testing, the acceptable time for 
loss of 1 psig of air pressure shall be: 

 

PIPE SIZE (IN DIA) TIME, MINUTES/100 

FT 

4 0.3 

6 0.7 

8 1.2 

10 1.5 

12 1.8 

15 2.1 

18 2.4 

21 3.0 

24 3.6 

27 4.2 

30 4.8 

33 5.4 

36 6.0 

42 7.3 
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48 7.6 

 

f. Large diameter (above 24 IN) pressure plant piping systems shall have 
no significant leakage in a pipe with all welded joints.  A maximum 
acceptable volume of makeup water of 10 gallons per inch of pipe 
diameter per mile of pipe tested per 24 hours may be allowed for a pipe 
with gasketed joints.    

3. Hydrostatic pressure testing methodology: 

a. General: 

 All joints, including welds, are to be left exposed for examination 
during the test. Does not apply to buried joints. Hydrostatically test 
buried pipe after backfill over the test section of pipe has been 
completed for 7 days.  Slowly fill the line with water and vent all air from 
the pipeline during filling.   

 Allow a mortar lined pipe to stand under a slight pressure for at least 
48 hours to allow the mortar lining to become saturated and/or to allow 
the escape of remaining air trapped in the line.  Examine bulkheads, 
valves, manholes, flanges, and connections for leaks during this period. 

 Provide additional temporary supports for piping systems designed 
for vapor or gas to support the weight of the test water. 

 Provide temporary restraints for expansion joints for additional 
pressure load under test. 

 Isolate equipment in piping system with rated pressure lower than 
pipe test pressure. 

 Do not paint or insulate exposed piping until successful performance 
of pressure test. 

b. Soil, waste, drain and vent systems: 

 Test at completion of installation of each stack or section of piping by 
filling system with water and checking joints and fittings for leaks. 

 Eliminate leaks before proceeding with work or concealing piping. 

 Minimum test heights shall be 10 FT above highest stack inlet. 

4. Air testing methodology: 

a. General: 

 Assure air is ambient temperature. 

b. Low pressure air testing: 

 Place plugs in line and inflate to 25 psig. 

 Check pneumatic plugs for proper sealing. 

 Introduce low pressure air into sealed line segment until air pressure 
reaches 4 psig greater than ground water that may be over the pipe. 
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a) Use test gauge conforming to ASME B40.100 with 0 to 15 psi 
scale and accuracy of 1 percent of full range. 

 Allow 2 minutes for air pressure to stabilize. 

 After stabilization period (3.5 psig minimum pressure in pipe) 
discontinue air supply to line segment. 

 Record pressure at beginning and end of test. 

3.9 CLEANING, DISINFECTION AND PURGING 

A. Cleaning (General, non-potable water piping): 

1. Clean interior of piping systems thoroughly before installing. 

2. Maintain pipe in clean condition during installation. 

3. Before joining piping, thoroughly clean and wipe joint contact surfaces and 
then properly dress and make joint. 

4. Immediately prior to pressure testing, clean and remove grease, metal 
cuttings, dirt, or other foreign materials which may have entered the system.   

5. At completion of work and prior to Final Acceptance, thoroughly clean work 
installed under these Specifications. 

a. Clean equipment, fixtures, pipe, valves, and fittings of grease, metal 
cuttings, and sludge which may have accumulated by operation of 
system, from testing, or from other causes. 

b. Repair any stoppage or discoloration or other damage to parts of 
building, its finish, or furnishings, due to failure to properly clean piping 
system, without cost to Owner. 

6. Clean chlorine piping in accordance with CI Pamphlet 6. 

B. Cleaning, Disinfection, and Testing of Potable Water Systems: 

1. Clean interior of piping systems thoroughly before installing. 

2. Maintain pipe in a clean and dry condition during installation.   

3. Before joining piping, thoroughly clean and wipe joint contact surfaces and 
then properly dress and make joint. 

4. At close of day's work or whenever workmen are absent from jobsite, plug, 
cap or otherwise provide watertight seal from open ends of pipe to prevent 
ingress of foreign material. 

5. If water is in trench, seal shall remain in place until trench is pumped dry. 

6. Immediately prior to disinfection, clean and remove grease, metal cuttings, 
dirt, or other foreign materials which may have entered the system. 
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a. Pipes that are 24 inches in diameter and larger shall be inspected by 
the Owner’s Representative prior to addition of chlorination agent and 
filling of pipe to confirm that the pipe is clean of dirt and foreign matter.  
The Contractor shall immediately clean the pipe of any material 
identified during the inspection and swab the affected portion of the 
pipe with a one to five percent hypochlorite disinfecting solution. 

b. Pipes that are smaller than 24 inches in diameter shall be flushed to 
remove dirt and foreign materials prior to bacteriological testing.  
Flushing operations will be conducted with sustained velocities above 
2.5 ft/s until the quality of the water exiting the pipe is equal to the 
quality of the source water or for four hours, whichever is longer.   
 
If, in the opinion of the Owner’s representative, the pipe contains dirt 
that will not be removed by flushing, the pipe interior shall be cleaned 
by mechanical means such as a hydraulically propelled foam pig or 
other means approved by the Owner. 

7. After potable water lines have been cleaned and prior to Final Acceptance, 
perform disinfection as prescribed. 

8. Perform work, including preventative measures during construction, in full 
compliance with AWWA C651.  Contractor shall utilize the continuous-feed 
method or slug method.   

9. Perform disinfection using sodium hypochlorite or calcium hypochlorite 
complying with AWWA B300. 

10. Coordinate chlorination operations through Owner’s representative. 

11. Water for disinfection, flushing, and pressure testing will be furnished by the 
Contractor. 

12. Slowly fill each section of pipe with water in manner approved by Owner’s 
representative.  Average water velocity when filling pipeline should be less 
than one foot per second and shall not, under any circumstance, exceed 2 
feet per second.  Before beginning disinfection operations, expel air from 
pipeline. 

13. Open and close valves in lines being sterilized several times during contact 
period. 

14. Tag system during disinfection procedure to prevent use. 

15. After required contact period, flush system to remove traces of heavily 
chlorinated water. Contactor shall neutralize and properly dispose of waste 
water. The environment to which the chlorinated water is to be discharged 
shall be inspected and agreed upon by the Contractor and Owner’s 
Representative.  If there is a possibility that the chlorinated discharge will 
cause damage to the environment, a Contractor furnished neutralizing 
chemical shall be applied to the water to be wasted to thoroughly neutralize 
the residual chlorine.  
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16. After final flushing and before placing water in service, obtain an 
independent laboratory approved by the Owner to collect two (2) samples 
and test for bacteriological quality. Repeat entire disinfection procedures until 
two (2) satisfactory results are obtained. 

17. Secure and deliver to Owner, satisfactory bacteriological reports on samples 
taken from system. 

Ensure sampling and testing procedures are in full compliance to 
AWWA C651, local water purveyor and applicable requirements of State 
of Texas. 

18. Owner will pay for the cost of the initial bacteriological testing.  Contractor 
will pay the cost of any subsequent tests resulting from the failure of the 
initial test.  No separate payment will be made for additional testing. 

3.10 LOCATION OF BURIED OBSTACLES 

A. Furnish exact location and description of buried utilities encountered and thrust 
block placement. 

B. Reference items to definitive reference point locations such as found property 
corners, entrances to buildings, existing structure lines, fire hydrants and related 
fixed structures. 

C. Include such information as location, elevation, coverage, supports and 
additional pertinent information. 

D. Incorporate information on "As-Recorded" Drawings. 

3.11 PIPE INSULATION 

A. Insulate pipe and pipe fittings in accordance with Specification Section 40 42 
00. 

3.12 SCHEDULES 

A. See Attachment at end of this Section. 

B. SPECIFICATION SCHEDULE - SYSTEM 1 (Transmission Piping) 

1. General: 

a. Test requirements: 

 Test medium:  Water. 

 Pressure:  see pipe schedule. 

 Duration:  6 HRS. 

b. Gaskets: 

 Flanged, push-on and mechanical joints (ductile iron):  Rubber, 
AWWA/ANSI C111/A21.11. 

 Grooved coupling joints (ductile and steel):  Rubber, AWWA C606. 

 Flanged joints (steel):  Rubber, AWWA C207. 

2. System components: 
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a. Pipe size greater than 24 IN: 

 Exposed service: 

a) Material:  Steel, fabricated pipe. 

b) Reference:  AWWA C200. 

c) Lining:  AWWA C205. Cement motor lining in accordance with 
Section 09 80 10. 

d) Coating:  AWWA C222. Polyurethane coating system in 
accordance with Section 09 91 00. 

e) Fittings:  AWWA C208. 

f) Joints:  Butt welded with rigid AWWA C207 flanges at equipment, 
valves, and structure penetrations. 

 Buried service: 

a) Material:  Steel, fabricated pipe. 

b) Reference:  AWWA C200. 

c) Lining:  AWWA C205. Cement motor lining in accordance with 
Section 09 80 10. 

d) Coating:  AWWA C222. Polyurethane coating system in 
accordance with Section 09 80 10. 

e) Fittings:  AWWA C208. 

f) Joints:  Butt welded. 

C. SPECIFICATION SCHEDULE - SYSTEM 2 (GST Overflow/Drain Piping) 

1. General: 

a. Test requirements: 

 Test medium:  Water. 

 Duration:  6 HRS. 

b. Gaskets and O-rings: 

 O-rings:  Neoprene or rubber. 

 Flanged, push-on and mechanical joints (ductile iron):  Rubber, 
AWWA/ANSI C111/A21.11. 

c. Provide polyethylene wrap per Specification Section 40 20 60. 

2. System components: 

a. Pipe size 30 inches and greater: 

 Exposed service: 

a) Materials: 

(1) Flanged:  Ductile iron, Class 53. 

b) Reference:  AWWA/ANSI C115/A21.15. 



PIPE AND PIPE FITTINGS:  WHCRWA 

BASIC REQUIREMENTS  CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
PIPE AND PIPE FITTINGS:  BASIC REQUIREMENTS 

40 05 13 - 22 OF 32 

c) Lining:  Cement. 

d) Coating:  Paint. 

e) Fittings:  AWWA/ANSI C110/A21.10 ductile iron. 

f) Joints: Flanged joints. 

 Buried service: 

a) Materials:  Ductile iron, Class 53. 

b) Reference:  AWWA/ANSI C151/A21.51. 

c) Lining:  Cement. 

d) Coating:  Bituminous. 

e) Fittings: 

(1) AWWA/ANSI C110/A21.10 ductile iron. 

(2) Optional:  AWWA/ANSI C153/A21.53 ductile iron compact 
fittings for sizes 3 to 16 IN. 

f) Joints:  Push-on with mechanical (stuffing box type) joints at fittings 
and valves with restraints as required. 

D. SPECIFICATION SCHEDULE - SYSTEM 3 (Small Diameter Potable Water 
Piping) 

1. General: 

a. Test requirements: 

 Test medium:  Water. 

 Pressure:  See Schedule 

 Duration:  6 HRS. 

b. Gaskets and O-rings: 

 O-rings:  Neoprene or rubber. 

 Flanged, push-on and mechanical joints (ductile iron):  Rubber, 
AWWA/ANSI C111/A21.11. 

 Flanged joints (steel):  Rubber, AWWA C207. 

 Grooved coupling joints (ductile and steel):  Rubber, AWWA C606. 

2. System components: 

Chemical Facility Interior Plumbing (Sodium Hypochlorite Room 101) 

a. Pipe size to 3 IN: 

  Exposed service: 

a) Material:  PVC Pipe (Schedule 80). 

b) Reference: Pipe ASTM D1785. 

c) Fittings:  PVC Socket Fittings (Schedule 80) 
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d) Reference: Fittings ASTM D2467. 

General 

b. Pipe size to 3 IN: 

 Exposed service: 

a) Material:  Copper tubing, Type L. 

b) Solder:  Cadmium and lead-free solder compatible with tubing and 
fittings materials. 

c) Reference:  ASTM B88. 

d) Lining:  None. 

e) Coating:  Paint. 

f) Fittings:  Wrought copper or bronze fittings meeting ASME B16.22. 

g) Joints:  Soldered or brazed with unions at valves and equipment. 

 Buried service: 

a) Material:  Copper tubing, Type K. 

b) Reference:  ASTM B88. 

c) Lining:  None. 

d) Coating:  None. 

e) Fittings:  AWWA C800. 

f) Joints:  Flared. 

c. Pipe size 4 IN through 12 IN: 

 Exposed service: 

a) Materials: Ductile iron 

(1) Flanged:  Ductile iron, Class 53. 

(2) Grooved type joint system:  Use pipe thickness per AWWA 
C606. 

(3) With both systems, provide screwed on flanges at equipment, 
valves and structural penetrations. 

b) Reference:  AWWA/ANSI C115/A21.15. 

c) Lining:  Cement. 

d) Coating:  Paint. 

e) Fittings:  Either AWWA/ANSI C110/A21.10 ductile or gray iron. 

f) Joints: 

(1) Flanged or grooved type mechanical coupling (AWWA C606) 
joints. 
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(2) With both systems, provide screwed-on flanges at valves, 
equipment, and structure penetration. 

 Buried service: 

a) Materials:  PVC 

b) Reference:  AWWA C900 with All Pressure Classes per Table 2, 
AWWA C900. 

c) Joints:  elastomeric-gasket type with a pressure rating not less 
than pipe pressure rating meeting performance requirements of 
ASTM D3139. 

3. Plumbing System components: 

See DWG. 00P001. 

4. Install drain tees with capped nipples of IPS brass 3 IN long at low points. 

a. If low point occurs in concealed piping, provide approved flush access 
panel. 

b. These drains are not shown on Drawings. 

5. Slope water lines down to drain points not less than 1 IN in 60 FT. 

6. Install all threaded piping with clean-cut tapered threads and with ends 
thoroughly reamed after cutting to remove burrs. 

a. Pipe joint cement permitted only on external threads. 

7. For screwed nipples for connections to flush valves, lavatory supplies, and 
other equipment with threaded connections use iron, copper, or brass pipe. 

8. Install ball, butterfly and plug valves where indicated or required to 
adequately service all parts of system and equipment. 

a. Install valves on each branch serving restroom. 

b. Install valves on inlet and outlet connections of heat exchangers and on 
other equipment connected to water lines. 

9. Install unions between valves and connections to each piece of equipment, 
and install sufficient number of unions throughout piping system to facilitate 
installation and servicing. 

a. On copper pipe lines, install wrought, solder-joint, copper to copper 
unions for lines 2 IN and smaller and, for lines 2-1/2 IN and over install 
brass flange unions. 

10. Construct and equip plumbing fixtures and equipment with anti-siphon 
devices as to entirely eliminate any danger of siphoning waste material into 
potable water supply system. 

11. Where exposed pipes 6 IN in size and smaller pass through floors, finished 
walls, or finished ceilings, fit with nickel or chrome-plated plates large 
enough to completely close hole around pipes. 

a. Secure plates to pipe by set screw in approved manner. 
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12. Size supply branches to individual fixtures as scheduled or indicated on 
Drawings. 

13. Install piping so as to be free to expand with proper loops, anchors and joints 
without injury to system or structure. 

14. Provide branches to wall hydrants or hose bibbs in exterior locations with 
interior shutoff and drain valves. 

15. Provide approved type vacuum breaker and backflow preventer installations 
indicated or as required by Code. 

16. Install concealed in finished structures such as administration and office 
facilities and at locations shown on Drawings.  

E. SPECIFICATION SCHEDULE - SYSTEM 4 (Sample Piping) 

1. General: 

a. Test requirements pressure lines: 

 Test medium:  Water. 

 Pressure:  See Pipe Schedule 

 Duration:  6 HRS. 

b. Gaskets and O-rings: 

 O-rings and flanged joints:  Neoprene or rubber. 

2. System components: 

a. Pipe size 12 IN and smaller: 

 Exposed service: 

a) Material:  PVC, Type 1, Grade 1, Schedule 80. 

b) Reference:  ASTM D1785. 

c) Lining:  None. 

d) Coating:  Paint. 

e) Fittings:  Solvent welded socket type complying with ASTM D2467. 

f) Joints:  Solvent welded with unions at valves, penetrations through 
structures and equipment connections for pipe 2 IN and less and 
flanges at those locations for pipe above 2 IN. 

 Buried service and Chemical Trench: 

a) Material:  PVC, Type 1, Grade 1, Schedule 40. 

b) Reference:  ASTM D1785. 

c) Lining:  None. 

d) Coating:  None. 

e) Fittings:  Solvent welded socket type complying with ASTM D2466. 

f) Joints:  Solvent welded. 
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F. SPECIFICATION SCHEDULE - SYSTEM 5 (Chemical Piping) 

1. General: See Specification Section 46 24 15 - Chemical Piping, Valves, and 
Appurtenances. 

G. SPECIFICATION SCHEDULE - SYSTEM 6 (Storm Water Piping) 

1. General: 

a. Test requirements: 

 See the FIELD QUALITY CONTROL Article in PART 3 of this 
Specification Section and Pipe Schedule. 

b. Gaskets: 

 Push-on joints:  Rubber, ASTM C443. 

2. System components: 

a. Refer to Section 33 40 00 

b. 2-4 IN, PVC. 

 Buried service up to 15 FT bury. 

a) Materials: PVC. 

b) Reference: ASTM D1784 

c) Linings: None. 

d) Coatings: ANSI A21.16 (AWWA C116). 

e) Fittings: ASTM D3212 

c. 24 IN and greater, Reinforced Concrete Pipe: 

 Buried service up to 15 FT bury. 

a) Materials:  RCP, Class III and Class IV (designated in the 
drawings). 

b) Reference:  ASTM C76. 

c) Linings:  None. 

d) Coatings:  None. 

e) Flexible Joint Sealant: ASTM C990. 

f) Rubber gasket for RCP: ASTM C361 

g) Fittings:  Smooth or mitered fittings meeting ASTM C76. 

h) Joints:  ASTM C443. 

d. 10 FT x 10 FT Storm Box, Reinforced Concrete Box: 

 Buried service up to 15 FT bury. 

a) Reference: ASTM C1577. 

b) Tongue and grove joints: ASTM C990. 

c) Flexible Joint Sealant: ASTM C990. 
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d) Rubber gasket: ASTM C1677 

H. SPECIFICATION SCHEDULE - SYSTEM 7 (Foundation Drain) 

1. General: See Specification Section 33 46 13 Foundation Subsurface Drain 
System. 

2. Ground storage tank: see Specification Section 33 16 32 Reservoirs – 
Prestressed Concrete. 

I. SPECIFICATION SCHEDULE - SYSTEM 8 (Refrigerant) 

1. General: 

a. Test requirements: 

 Comply with ASME B31.5, Chapet VI 

 Test Pressure for Refrigerant R-410A: 

a) Suction Lines for Air-Conditioning Applications: 300 psig 

b) Suction Lines for Heat-Pump Applications: 535 psig (3689 kPa). 

2. Hot-Gas and Liquid Lines: 535 psig (3689 kPa).System components: 

a. Pipe size up to 2 IN: 

 Install refrigerant piping according to ASHRAE 15. 

 Exposed service: 

a) Material:  Factory pre-charged copper line sets sized per 
manufacturer recommendations for 2 DegF line loss. 

b) Solder:  High temperature (melting point not less than 1000 DegF) 
silver solder compatible with tubing and fittings. 

c) Lining:  None. 

d) Coating:  Paint. 

e) Fittings:  Copper, as required to adapt line sets to equipment. 

f) Joints:  Soldered. 

J. SPECIFICATION SCHEDULE - SYSTEM 9 (Plumbing DWV Piping) 

1. General: 

a. Test requirements: 

 Test medium:  Water. 

 Pressure:  See the FIELD QUALITY CONTROL Article in PART 3 of 
this Specification Section. 

 Duration:  6 HRS. 

b. Gaskets:  Rubber, ASTM C564. 

2. System components: 

Chemical Facility Interior Plumbing (Sodium Hypochlorite Room 101) 

a. Pipe size to 3 IN: 
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  Exposed service: 

a) Material:  PVC Pipe (Schedule 80). 

b) Reference: Pipe ASTM D1785. 

c) Fittings:  PVC Socket Fittings (Schedule 80) 

d) Reference: Fittings ASTM D2467. 

General 

b. Plumbing DWV Piping material see DWG. 00P001.  

3. Soil and Waste Piping Installation: 

a. Install horizontal soil or waste lines less than 4 IN diameter with a slope 
of not less than 1/4 IN/FT or 2 percent toward the point of disposal. 

b. Install 4 IN and larger piping at 1/8 IN per foot. 

c. Install as close to construction as possible to maintain maximum head 
room. 

d. Make changes of direction with 1/8 bends and junctions with wye 
fittings. 

e. Use short wye fittings in vertical pipe only. 

f. Install handhole test tee at base of each stack. 

g. Install cleanouts at dead ends, at changes of direction and at 50 FT 
intervals on horizontal runs. 

 Where cleanouts occur in concealed spaces, provide with extensions 
to floors above or to walls as required. 

h. Install piping true to grade and alignment. 

 Begin at the system low point. 

i. Locate vertical extensions of underground piping below partition walls 
for concealment in wall. 

 In locations where hubs are wider than partition, set hubs 1 IN below 
final floor. 

j. Install concealed in finished structures such as administration and office 
facilities and at locations shown on Drawings. 

k. For hub and spigot joints, install hub facing flow. 

4. Vent Piping Installation: 

a. Run vent stack parallel to each soil or waste stack to receive branch 
vents from fixtures. 

b. Originate each vent stack from soil or waste pipe at its base. 

c. Where possible, combine soil, waste or vent stacks before passing 
through roof so as to minimize roof openings. 

d. Offset pipes running close to exterior walls away from such walls before 
passing through roof to permit proper flashing. 
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e. Provide pipes passing through roofs with cast iron increasers minimum 
of 12 IN below roof one size larger than pipe but in no case less than 4 
IN. 

f. Terminate each vent with approved frostproof jacket. 

g. Carry vent stacks 4 IN and larger full size through roof. 

 Extend vent stacks at least 12 IN above roofing. 

h. Pipe vents from pressure regulating devices in compliance with local 
codes. 

i. Install concealed in finished structures such as administration and office 
facilities and at locations shown on Drawings. 

K. SPECIFICATION SCHEDULE - SYSTEM 10 (Onsite Sanitary Sewer) 

1. General: 

a. Test requirements: 

 See the FIELD QUALITY CONTROL Article in PART 3 of this 
Specification Section. 

b. Gaskets: 

 Push-on joints:  Elastomeric ASTM D3212. 

2. System components: 

a. Gravity: 

 Buried service: 

a) Material:  PVC - extra strength. 

b) Reference:  ASTM D3034 and ASTM F679, SDR 35. 

c) Lining:  None. 

d) Coating:  None. 

e) Joints:  Push on ASTM D3212 and F477 

b. Force Main: 

 Exposed service: 

a) Material:  Ductile Iron Pipe. 

b) Reference:  ANSI A21.10 (AWWA C110). 

c) Lining:  ANSI A21.4 (AWWA C104). 

d) Coating:  ANSI A21.16 (AWWA C116). 

e) Joints:   

(1) Flanged: ANSI A21.15 (AWWA C115). 

(2) Compact: ANSI A21.53 (AWWA C153). 

 Buried service: 

a) Material:  PVC, SDR 26. 
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b) Reference:  

(1) AWWA C900 

(2) ASTM D2241 and D3034. 

c) Stiffness: 115psi. 

d) Lining:  None. 

e) Coating:  ANSI A21.6 (AWWA C116). 

f) Joints:  ASTM D3139 

END OF SECTION 
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ATTACHMENT – PIPING SCHEDULE 

LEGEND DESCRIPTION SYSTEM 

PRESSURE 

NOTES 
WORKING 

(psi) 

TEST 

(psi) 

CLO 

Sodium 

Hypochlorite 5 150 200 

For lines in chemical 

trench install expansion 

joints every 150 feet for 

CPVC using piston type 

joint with a range of 6" 

DCW 

Domestic Cold 

Water  3 30 150 

For CW DIP, working is 

150, and test is 200 psi 

DH 

Discharge 

Header 1 100 150 

AWWA Class E flanged 

connections. Pipe => 48" 

thickness = 0.5" 

DR Drain 7 N/A N/A 

Gravity drain to the storm 

water system. 

FM Force Main 10 30 150 

For lines in pump 

discharge bay install 

expansion loop or 

expansion joint 

DHW 

Domestic Hot 

Water 3 30 150 See Plumbing Drawings 

LAS 

Liquid 

Ammonium 

Sulfate 5 150 200 

For lines in chemical 

trench install expansion 

joints every 150 feet for 

CPVC using piston type 

joint with a range of 6" 

OF GST Overflow 2 20 25 

AWWA Class D for 

flanged connections. 

PD 

Pump 

Discharge 1 100 150 

AWWA Class E flanged 

connections thickness 

0.375 min. 

PS Pump Suction 1 20 30 

AWWA Class D for 

flanged connections. 
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LEGEND DESCRIPTION SYSTEM 

PRESSURE 

NOTES 
WORKING 

(psi) 

TEST 

(psi) 

R Refrigerant 8 478 535 For Refrigerant R-410A 

SA Sample Line 4 100 150 

For lines in chemical 

trench install expansion 

joints every 200 feet for 

PVC using piston type 

joint with a range of 6" 

SAN 

Sanitary Sewer 

(Exterior) 10 8 25 See Civil Drawings 

SAN 

Sanitary Sewer 

(Interior) 9 8 25 See Plumbing Drawings 

SD Storm Drain 6 8 25  N/A 

SH Suction Header 1 20 30 

AWWA Class D for 

flanged connections. 

TW Treated Water 1 20 30 

AWWA Class D for 

flanged connections. 

UD Underdrain 7 N/A N/A GST area only. 

V Vent (Plumbing) 9 N/A N/A See Plumbing Drawings 

V Vent (Process) 5 N/A N/A See Process Drawings 

VTR 

Vent Through 

Roof 9 N/A N/A See Plumbing Drawings 

 

END OF SECTION 
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SECTION 40 05 16 

PIPE SUPPORT SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the furnishing and subsequent installation of: 

1. Pipe and equipment hangers, supports, and associated anchors 

2. Equipment bases and supports 

3. Sleeves and seals 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 09 91 00 - Painting and Protective Coatings. 

1.2 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for this item.  Include the cost in associated 
items for this project. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ANVIL International (ANVIL). 

2. American Society of Mechanical Engineers (ASME): 

a. B31.1, Power Piping. 

b. B31.3, Process Piping. 

3. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A510, Standard Specification for General Requirements for Wire Rods 
and Coarse Round Wire, Carbon Steel. 

c. A575, Standard Specification for Steel Bars, Carbon, Merchant Quality, 
M-Grades. 

d. A576, Standard Specification for Steel Bars, Carbon, Hot-Wrought, 
Special Quality. 

4. American Welding Society (AWS): 

a. D1.1, Structural Welding Code - Steel. 
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5. Manufacturers Standardization Society of the Valve and Fittings Industry 
Inc. (MSS): 

a. SP-58, Pipe Hangers and Supports - Materials, Design and 
Manufacture. 

b. SP-69, Pipe Hangers and Supports - Selection and Application. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Mark dimensions and values in units to match those specified. 

3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Itemized list of wall sleeves, anchors, support devices and all other 
items related to pipe support system. 

d. Scale drawings showing guides, hangers, supports, anchors, structural 
members and appurtenances to describe the pipe support system. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the manufacturers listed in 
the applicable Articles below are acceptable. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MANUFACTURED UNITS 

A. Hanger Rods: 

1. Material: 

a. ASTM A36. 

b. ASTM A510, Grade 1020. 

c. ASTM A575, Grade M1020. 

d. ASTM A576, Grade 1020. 

e. Minimum allowable tensile stress of 12,000 psi at 650 DegF per MSS 
SP-58. 

2. Continuously threaded. 
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3. Rods shall be continuously threaded and hot-dipped galvanized after 
threads are cut. 

B. Load limit: 

 

NOMINAL ROD 
DIAMETER 

MAXIMUM SAFE LOAD, 
(LBS) 

3/8 IN DIA (min) 610 
1/2 IN DIA 1,130 
5/8 IN DIA 1,810 
3/4 IN DIA 2,710 
7/8 IN DIA 3,770 
1 IN DIA 4,960 

 
C. Hangers: 

1. Hangers for use directly on copper pipe:  Copper or cadmium plated. 

2. Hangers for use other than directly on copper pipe:  Cadmium plated or 
galvanized. 

3. Hangers for suspended piping shall be constructed of steel and hot-dipped 
galvanized. 

4. Hanger type schedule: 

 

APPLICATION PIPE SIZE HANGER TYPE 

All except noted 4 IN and 
less 

ANVIL Figure 108 with Figure 
114 

All except noted Over 4 IN ANVIL Figure 590 
Steam, condensate and 
hot water  

All ANVIL Figure 181, Figure 82 

 
D. Inserts 

1. Make inserts for individual hangers of galvanized malleable iron; include 
removable nuts held in place by V-type teeth on the insert body and nut.  
Make continuous-slotted channel inserts of galvanized steel with integral 
anchors at 6-inch centers.  Provide factory finished steel snap-on cover 
plates on channel inserts between support attachments. 

E. Concrete Inserts for Hanger Rods: 

1. Continuous slots:  Unistrut #P1000. 

2. Individual inserts:  ANVIL Figure 281. 

3. Self-drilling expansion anchors:  Phillips flush-end or snap-off end type. 

F. Beam Clamps for Hanger Rods: 

1. Heavy duty. 
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2. ANVIL Figure 134. 

G. Trapeze Hangers for Suspended Piping: 

1. Material:  Steel. 

2. Galvanized. 

3. Angles, channels, or other structural shapes. 

4. Curved roller surfaces at support point corresponding with type of hanger 
required. 

H. Vertical Pipe Supports: 

1. At base of riser. 

2. Lateral movement: 

a. Clamps or brackets: 

I. Expanding Pipe Supports: 

1. Spring hanger type. 

2. MSS SP-58. 

J. Pipe Support Saddle: 

1. For pipe located 3 FT or less from floor elevation, except as otherwise 
indicated on Drawings. 

2. ANVIL Figure 264 or Figure 265 for pipes over 6 inches. 

3. Assembly hot dipped galvanized after fabrication. 

4. Fabricate pipe saddles of hot dip galvanized steel.  Saddles for supporting 
pipe from the floor shall be at least 9 inches in length and as wide as the 
outside diameter of the pipe.  Make a bearing support of 120 degrees.  
Mount saddles on concrete pads at least 2 inches high. 

K. Pipe Support Risers: 

1. Schedule 40 pipe. 

2. Galvanized. 

3. As recommended by saddle manufacturer. 

L. Pipe Support Base Plate: 

1. 4 IN larger than support. 

2. Collar 3/16 IN thickness, circular in shape, and sleeve type connection to 
pipe. 

3. Collar fitted over outside of support pipe and extended 2 IN from floor plate. 

4. Collar welded to floor plate. 

5. Edges ground smooth. 
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6. Assembly hot dipped galvanized after fabrication. 

M. Pipe Covering Protection Saddle: 

1. For insulated pipe at point of support. 

2. ANVIL Figure 167, Type B. 

N. Wall Brackets: 

1. For pipe located near walls and 8 FT or more above floor elevation or as 
otherwise indicated on the Drawings. 

2. ANVIL Figure 199. 

O. Pipe Anchors: 

1. For locations shown on the Drawings. 

2. 1/4 IN steel plate construction. 

3. Hot dipped galvanized after fabrication. 

4. Designed to prevent movement of pipe at point of attachment. 

P. Pipe Guides: 

1. For locations on both sides on each expansion joint or loop. 

2. To ensure proper alignment of expanding or contracting pipe. 

3. ANVIL Figure 256. 

Q. Sway Strut: 

1. ANVIL Figure 640. 

R. Rollers 

1. Anvil Figure 275 

S. Expansion Bolts 

1. Use expansion bolts for supports which are stainless steel wedge type.  Do 
not use expansion bolt anchors with lead. 

T. Framing Hangers 

1. Use factory fabricated metal framing systems with factory applied primer 
paint as framing for wall type hangers, trapeze hangers, and tunnel 
stanchions.  

2. Attach supports to structures with inserts for new concrete, with surface 
mounting methods for masonry or existing concrete, and with welding or 
clamps for structural steel.  

3. Make pipe supports fabricated on the site of structural steel members with 
raw edges ground and dressed. 

4. Rest floor supports in areas with uncovered concrete floors on concrete 
pads not less than 2 inches high. 
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2.3 DESIGN REQUIREMENTS 

A. Supports capable of supporting the pipe for all service and testing conditions. 

1. Provide 5 to 1 safety factor. 

B. Allow free expansion and contraction of the piping to prevent excessive stress 
resulting from service and testing conditions or from weight transferred from the 
piping or attached equipment. 

C. Design supports and hangers to allow for proper pitch of pipes. 

D. For chemical and waste piping, design, materials of construction and installation 
of pipe hangers, supports, guides, restraints, and anchors: 

1. ASME B31.3. 

2. MSS SP-58 and MSS SP-69. 

3. Except where modified by this Specification Section. 

E. For steam and hot and cold water piping, design, materials of construction and 
installation of pipe hangers, supports, guides, restraints, and anchors: 

1. ASME B31.1. 

2. MSS SP-58 and MSS SP-69. 

F. Check all physical clearances between piping, support system and structure. 

1. Provide for vertical adjustment after erection. 

G. Support vertical pipe runs in pipe chases at base of riser. 

1. Support pipes for lateral movement with clamps or brackets. 

H. Place hangers on outside of pipe insulation. 

1. Use a pipe covering protection saddle for insulated pipe at support point. 

2. Insulated piping 1-1/2 IN and less:  Provide a 9 IN length of 9 LB density 
fiberglass insulation at saddle. 

3. Insulated piping over 1-1/2 IN:  Provide a 12 IN length of 9 LB density 
fiberglass insulation on saddle. 

I. Provide 20 GA galvanized steel pipe saddle for fiberglass and plastic support 
points to ensure minimum contact width of 4 IN. 

J. Pipe Support Spacing: 

1. General: 

a. Factor loads by specific weight of liquid conveyed if specific weight is 
greater than water. 

b. Locate pipe supports at maximum spacing scheduled unless indicated 
otherwise on the Drawings. 

c. Provide at least one (1) support for each length of pipe at each change 
of direction and at each valve. 
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2. Steel, stainless steel, cast-iron pipe support schedule: 

 

PIPE SIZES - IN MAXIMUM SPAN - 
FT 

1-1/2 and less 5 
2 thru 4 10 
5 thru 8 15 

10 and greater 20 

 
3. Copper pipe support schedule:  

 

PIPE SIZES - IN MAXIMUM SPAN - 
FT 

2-1/2 and less 5 
3 thru 6 10 

8 and greater 15 

 
4. PVC pipe support schedule: 

 

PIPE SIZES - IN MAXIMUM SPAN - 
FT 

1-1/4 and less 3 
1-1/2 thru 3 4 

4 and greater 5 

* Maximum fluid temperature of 120 DegF. 
 

5. Support each length and every fitting: 

a. Bell and spigot piping: 

1) At least one (1) hanger. 

2) Applied at bell. 

b. Mechanical coupling joints: 

1) Place hanger within 2 FT of each side of fittings to keep pipes in 
alignment. 

6. Space supports for soil and waste pipe and other piping systems not 
included above every 5 FT. 

7. Provide continuous support for nylon tubing. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Provide piping systems exhibiting pulsation, vibration, swaying, or impact with 
suitable constraints to correct the condition. 

1. Included in this requirement are movements from: 

a. Trap discharge. 

b. Water hammer. 

c. Similar internal forces. 

B. Installation 

1. Hang piping inside structures supported from the floor or racked adjacent to 
walls. 

2. Provide inserts cast in concrete walls or slabs for hanging and supporting 
pipe.  If materials not hot-dipped galvanized, paint them with primer before 
installation. 

3. Design fabricate and install support components in general conformance 
with Sections 120 and 121 of ASME B31.1, except as modified in this 
Section. 

C. Pipe Hangers and Supports 

1. Support, brace, and anchor interior piping to prevent movement in any 
direction because of pressure, temperature, flow, or water hammer, except 
at properly located expansion joints and fittings. 

2. Locate piping and pipe supports as to not interfere with open accesses, 
walkways, platforms, and with maintenance or disassembly of equipment. 

3. Inspect hangers for: 

a. Design offset. 

b. Adequacy of clearance for piping and supports in the hot and cold 
positions. 

c. Guides to permit movement without binding. 

d. Adequacy of anchors. 

4. Inspect hangers after erection of piping systems and prior to pipe testing 
and flushing. 

5. Install individual or continuous slot concrete inserts for use with hangers for 
piping and equipment. 

a. Install concrete inserts as concrete forms are installed. 
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6. Provide two pipe guides on each side of expansion joints at which pipe 
movement occurs.  The first guide shall be not more than 4-pipe diameters 
from the joint and the second not more than 14 diameters.  Provide 
additional guides as required to maintain pipe alignment, spaced as required 
for the pipe size, fluid pressure and temperature inside the pipe, and as 
recommended by the expansion joint manufacturer or as shown. 

7. Maximum support spacing and hanger rod sizes for metal pipe containing 
liquids are as follows: 

Nominal Pipe Support Spacing Rod Diameter in Inches 

Size (Inches) (Feet) One Rod Two Rods 

1 and Smaller 7 3/8 3/8 

1¼ and 1½ 8 3/8 3/8 

2 10 3/8 3/8 

2½ 11 1/2 3/8 

3 12 1/2 3/8 

4 and 5 14 1/2 3/8 

6 and 8 17 1/2 3/8 

10 17 5/8 1/2 

12 17 3/4 1/2 

14 17 3/4 5/8 

16 17 7/8 5/8 

18 and 20 17 1 3/4 

24 17 1-1/8 7/8 

 

8. For valves 4 inches and larger in unburied horizontal lines support the valve 
on both sides when located within 18 inches of the valve or meter.  Provide 
additional supports where required so that piping loads do not place 
damaging stresses on supports, valves, and equipment.  Where necessary, 
block up pipe at supports to permit installation of insulation. 

9. Support unburied horizontal runs of rubber hose and non-metallic pipe for 
the entire length by means of troughs consisting of structural steel channels 
or angles supported at not more than 10-foot intervals. 

10. Support piping not included in the foregoing tabulation as indicated or in 
accordance with the pipe manufacturer's recommendations, if not indicated. 

11. Anchor buried pressure pipe at each fitting causing a change in direction of 
10 degrees or more.  Concrete thrust blocks or other restraining devices in 
any satisfactory combination may be used.  Submit the details of the method 
proposed for use, together with design calculations, to the Engineer before 
installation. 

D. Weld Supports: 

1. AWS D1.1. 
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2. Weld anchors to pipe in accordance with ASME B31.3. 

E. Welding: 

1. Welding rods:  ASTM and AWS standards. 

2. Integral attachments: 

a. Include welded-on ears, shoes, plates and angle clips. 

b. Ensure material for integral attachments is of good weldable quality. 

3. Preheating, welding and postheat treating:  ASME B31.3, Chapter V. 

F. Field Painting: 

1. Comply with Specification Section 09 91 00. 

END OF SECTION 
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SECTION 40 05 23 

VALVES:  BASIC REQUIREMENTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Valving, actuators, and valving appurtenances. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 09 91 00 - Painting and Protective Coatings. 

4. Section 40 05 05 - Equipment:  Basic Requirements. 

5. Section 40 05 13 - Pipe and Pipe Fittings:  Basic Requirements. 

6. Section 40 50 05 - Gate Valves. 

7. Section 40 50 15 - Butterfly Valves. 

8. Section 40 50 20 - Ball Valves. 

9. Section 40 50 35 - Miscellaneous Valves. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Mechanical Engineers (ASME): 

a. B1.20.1, Pipe Threads, General Purpose. 

b. B16.1, Cast Iron Pipe Flanges and Flanged Fittings. 

c. B16.18, Cast Copper Alloy Solder Joint Pressure Fittings. 

d. B16.34, Valves-Flanged, Threaded and Welding End. 

2. ASTM International (ASTM): 
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a. A126, Standard Specification for Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings. 

b. B117: Standard Practice for Operating Salt Spray (Fog) Apparatus. 

c. B179: Standard Specification for Aluminum Alloys in Ingot and Molten 
Forms for Castings from All Casting Processes. 

d. D256, Standard Test Methods for Determining the Izod Pendulum 
Impact Resistance of Plastics. 

e. D638, Standard Test Method for Tensile Properties of Plastics. 

f. D648, Standard Test Method for Deflection Temperature of Plastics 
Under Flexural Load in the Edgewise Position. 

g. D695, Standard Test Method for Compressive Properties of Rigid 
Plastics. 

h. D2240, Standard Test Method for Rubber Property-Durometer 
Hardness. 

3. American Water Works Association (AWWA): 

a. C207, Standard for Steel Pipe Flanges for Waterworks Service - Sizes 
4 IN through 144 IN. 

b. C500, Standard for Metal-Seated Gate Valves for Water Supply 
Service. 

c. C504, Standard for Rubber-Seated Butterfly Valves. 

d. C507, Standard for Ball Valves, 6 IN through 48 IN (150 MM through 
1200 MM). 

e. C509, Standard for Resilient-Seated Gate Valves for Water Supply 
Service. 

f. C541, Hydraulic and Pneumatic Cylinder and Vane-Type Actuators for 
Valves and Slide Gates 

g. C542, Standard for Electric Motor Actuators for Valves and Slide Gates. 

h. C515, Standard for Reduced-Wall, Resilient-Seated Gate Valves for 
Water Supply Service. 

i. C550, Standard for Protective Coatings for Valves and Hydrants. 

j. C606, Standard for Grooved and Shouldered Joints. 

4. American Water Works Association/American National Standards Institute 
(AWWA/ANSI): 

a. C111/A21.11, Standard for Rubber-Gasket Joints for Ductile-Iron 
Pressure Pipe and Fittings. 

5. FM Gloabal (FM): 

a. FM 3615: Explosion-proof Electrical Equipment General Requirements 

6. Institute of Electrical and Electrical Equipment General Requirements: 

a. IEEE 802.15.4: Standard for Information Technology. 

7. National Electrical Manufacturers Association (NEMA): 
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a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

b. MG 1, Motors and Generators. 

1.4 DEFINITIONS 

A. The following are definitions of abbreviations used in this Specification Section 
or one (1) of the individual valve sections: 

1. CWP:  Cold water working pressure. 

2. SWP:  Steam working pressure. 

3. WOG:  Water, oil, gas working pressure. 

4. WWP:  Water working pressure. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Valve pressure and temperature rating. 

d. Valve material of construction. 

e. Special linings. 

f. Valve dimensions and weight. 

g. Valve flow coefficient. 

h. Project specific wiring and control diagrams for electric or cylinder 
actuators. Wiring diagrams shall clearly identify terminations for power, 
control, and instrumentation field wiring.  Refer to plans for specific 
requirements. 

i. Motor data – duty rating, insulation class, HP, full load amps, voltage, 
opening/closing times, etc. 

j. Recommended spare parts other than those specified. 

3. Test reports. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

C. Miscellaneous Submittals: 
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1. Verification from valve actuator manufacturer that actuators have been 
installed properly, that all limit switches and position potentiometers have 
been properly adjusted, and that the valve actuator responds correctly to the 
valve position command. 

1.6 QUALITY ASSURANCE 

A. The valve actuators shall be supplied as a complete assembly that includes a 
hydraulic actuator, an electronics enclosure containing a dedicated 
programmable microprocessor controller and electrical cables connecting the 
aforementioned components. 

B. Provide in accordance with Section 01 43 00: Contractor’s Quality Control and 
as specified herein. 

C. Actuators to be manufacturer's standard cataloged product and modified to 
provide compliance with the specifications and the service conditions specified 
and indicated. 

D. System Coordination:  The CONTRACTOR is responsible for all details 
necessary to properly install, adjust, and place in operation in order to provide a 
working system. The Manufacturer is responsible for ensuring working units. 
The Specifications call attention to certain features, but do not purport to cover 
all details entering into the construction of the equipment. 

1. CONTRACTOR is responsible for ensuring that all torque requirements are 
provided from the valve manufacturer to the actuator manufacturer for 
proper design and sizing of the actuator. Required is a raw value for the 
maximum operating torques, without a safety factor included. Also required 
is the raw value for the maximum allowable stem/seating torques, also 
without a safety factor included. The actuator shall design according to 
these given values, applying the 1.5x safety values, where applicable.  

2. Mounting hardware for attaching the actuator/s to the valve/s shall be 
designed and fabricated by the actuator manufacturer. Actuator 
Manufacturer shall acquire valve top-works from the Manufacturers of the 
new and existing pump control ball valves. Mounting hardware shall be 
designed to minimize backlash in the connections.  

3. For actuators installed on new pump control ball valves, the actuators shall 
be connected to the valves at the chosen valve Manufacturer, where the 
actuator will be used to move the valve for any required valve testing. The 
valve Manufacturer shall not connect the actuators to the valves until a 
certified technician employed directly by the actuator manufacturer is on-site 
at the valve Manufacturer to oversee the proper connection of the actuators 
to the valves.  
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4. For actuators installed on existing pump control ball valves, the actuator 
Manufacturer shall coordinate with the existing ball valve Manufacturer and 
Contractor to ensure that all data required for a complete and proper system 
is provided. The actuator Manufacturer may be required to take site 
measurements of the existing ball valves, in the case where proper 
dimensions cannot be obtained or verified.  

5. The actuator Manufacturer shall also send a technician to the project site to 
oversee and commission the installation of the actuators. Start-up of the 
actuators shall not commence until the technician is on-site.  

E. Actuator manufacturer responsible for designing and providing mounting 
hardware.  Mounting hardware to be designed to accommodate the existing and 
proposed valve dimensions. 

F. Test actuators in accordance with section 1.7. 

1.7 DELIVERY STORAGE AND HANDLING 

A. Provide in accordance with manufacturer’s recommendations. 

1.8 WARRANTY 

A. Provide warranty under provisions of 01 70 00 Execution and Closeout 
Requirements. 

1.9 SHOP TESTS 

1. Factory Tests and Adjustments: Fully assemble actuator in the factory, 
including motor, and test with control panel prior to shipping. Perform 
manufacturer's standard functional tests in factory on each unit. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, refer to individual valve 
Specification Sections for acceptable manufacturers. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Refer to individual valve Specification Sections. 

2.3 VALVE ACTUATORS 

A. Valve Actuators - General: 

1. Provide actuators as shown on Drawings or specified. 

2. Counter clockwise opening as viewed from the actuator. 
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3. Direction of opening and the word OPEN to be cast in handwheel or valve 
bonnet. 

4. Size actuator to produce required torque with a maximum pull of 80 LB at 
the maximum pressure rating of the valve provided and withstand without 
damage a pull of 200 LB on handwheel or chainwheel or 300 foot-pounds 
torque on the operating nut. 

5. Unless otherwise specified, actuators for valves to be buried, submerged or 
installed in vaults or manholes shall be sealed to withstand at least 20 FT of 
submergence. 

6. Extension stem: 

a. Install where shown or specified. 

b. Solid steel with actuator key and nut, diameter not less than stem of 
valve actuator shaft. 

c. Pin all stem connections. 

d. Center in valve box or grating opening band with guide bushing. 

e. Connect stem to valve actuator with single universal joint with greased 
sealed bearings. 

f. Provide adjustable stem guide where shown or specified. 

g. Provide floorstand assembly and wall bracket for floorstand where 
shown or specified. 

h. Provide miter gears where the installed conditions require one or more 
90 degree change of direction. 

B. Exposed Valve Manual Actuators: 

1. Provide for all exposed valves not having electric or cylinder actuators. 

2. Provide handwheels for gate and globe valves. 

a. Size handwheels for valves in accordance with AWWA C500. 

3. Provide lever actuators for butterfly valves and ball valves 3 IN DIA and 
smaller. 

a. Lever actuators for butterfly valves shall have a minimum of 5 
intermediate lock positions between full open and full close. 

b. Provide at least two (2) levers for each type and size of valve furnished. 

4. Gear actuators required for butterfly valves, and ball valves 4 IN DIA and 
larger. 

5. Provide gearing for gate valves 20 IN and larger in accordance with AWWA 
C500. 

6. Gear actuators to be totally enclosed, permanently lubricated and with 
sealed bearings. 

7. Provide chain actuators for valves 6 FT or higher from finish floor to valve 
centerline. 
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a. Cadmium-plated chain looped to within 3 FT of finish floor. 

b. Equip chain wheels with chain guides to permit rapid operation with 
reasonable side pull without "gagging" the wheel. 

8. Provide cast iron floor stands where shown on Drawings. 

a. Stands to be furnished by valve manufacturer with actuator. 

b. Stands or actuator to include thrust bearings for valve operation and 
weight of accessories. 

C. Electric Actuators (480 V, 3 PH): 

1. Approved Manufacturers 

a. Rotork IQ series 

b. Limitorque MX series 

c. EIM TEC2 series 

d. Approved equal 

2. Provide electric valve actuators with integral control devices and a remote 
pushbutton station. 

3. Furnish electric actuator integral with valve consisting of: 

a. Motor. 

b. Gearing. 

c. Handwheel. 

d. Limit and torque switches. 

e. Lubricants. 

f. Heating elements. 

g. Wiring. 

h. Terminals for motor power and controls. 

i. Drive nut. 

4. Housing/enclosure: 

a. Provide cast iron gear housing and cast iron load bearing enclosure. 

b. Non load bearing enclosure and housing:  Aluminum or cast iron. 

c. Rated for area classification shown on Drawings. 

d. Provide O-ring seals for covers and entries. 

e. Install waterproof seal at electrical conduit connection.   

f. Terminal and limit switch compartment covers are to be fastened to 
gear housing by stainless steel fasteners with capture device to prevent 
loss. 
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g. The motor and all other internal electrical elements of the actuator shall 
be protected from ingress of moisture and dust when the terminal cover 
is removed for site for cabling, the terminal compartment having the 
same ingress protection rating as the actuator with the terminal cover 
removed 

5. Motors: 

a. Provide motors that are totally enclosed, high torque design made 
expressly for valve actuator service and capable of operating the valve 
under full differential pressure for complete open-close and reverse 
cycle of travel at least twice in immediate succession without 
overheating. 

b. Produce 2.0 times the required torque. 

c. Design motors in accordance with NEMA MG 1 standards, with Class H 
insulation with a Class B rise, and to operate successfully at any 
voltage within 10 percent above or below rated voltage.  Motor shall be 
30-minute duty rating. 

d. Provide positive method to ensure motor bearings are permanently 
lubricated. 

e. Provide three (3) thermal switches imbedded in windings: 

1) 120 degrees apart. 

2) Provide motor shutdown at high temperature. 

f. Motor housing: 

1) Aluminum or cast iron. 

2) Totally enclosed nonventilated with cooling fins. 

g. Provide motor capable of operating in any position. 

h. Provide motor sealed from gearcase to allow any mounting position. 

i. Provide motors suitable for 480 V, 3 PH, 60 Hz. 

6. Gearing: 

a. Provide power gearing consisting of heat treated steel helical gears, 
carburized and hardened alloy steel worm, and alloy bronze worm gear, 
all grease or oil bath lubricated, designed for 100 percent overload, and 
effectively sealed against entrance of foreign matter. 

b. Provide gearing mechanism constructed to permit field changes of 
reduction gear ratio. 

c. Design actuators so that motor comes up to speed before stem load is 
encountered in either opening or closing operation. 

d. Limit switch gearings and feedback device reduction gearing: 

1) Steel or bronze. 

e. Support rotating shafts with anti-friction bearings. 

f. Provide separate drive nut/thrust bearing assembly: 

1) Mounted to base of actuator. 
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2) High tensile bronze. 

3) Quarter turn actuator:  Provide 90-degree mounting intervals. 

4) Provide grease fitting on drive assembly. 

7. Handwheel: 

a. Permanently attached for manual operation. 

b. Positive declutch mechanism to engage and disengage handwheel. 

c. Handwheel shall not rotate during motor operation. 

d. Inoperable motor shall not prevent manual operation. 

8. Limit torque and thrust loads in both closing and opening directions by 
torque limit switches. 

a. Provide torque switches with micrometer adjustment and reference 
setting indicator. 

1) Assure adjustment variation of approximately 40 percent in torque 
setting. 

b. Provide switches having rating of not less than 6 A at 120 Vac and 2.2 
A at 115 Vdc. 

c. Limit and torque switches shall have totally sealed contacts. 

9. Furnish electric actuator with two (2) geared limit switch assemblies with 
each switch assembly having four (4) separate limit switches: 

a. Assure each limit switch assembly is geared to driving mechanism and 
is independently adjustable to trip at any point at and between the fully 
open and fully closed valve position. 

b. Provide minimum of two (2) normally open contacts and two (2) 
normally closed contacts at each end of valve travel. 

c. Provide switches with inductive contact rating of not less than 6 A at 
120 Vac, 3 A at 240 Vac, 1.5 A at 480 Vac, 2.2 A at 115 Vdc and 1.1 A 
at 230 Vdc. 

d. Limit switches shall be fully adjustable when power is applied to 
actuator. 

e. Refer to plans for actual number of limit switches required. 

10. Battery 

a. While settings, position of actuator and data log are saved to EEPROM 
memory, a battery is required to: 

1) Allow set-up of actuator, access to settings and diagnostics when 
power is not available 

2) Allow position indication and alarms to the PLC/DCS when power is 
not available 

11. Provide space heating elements sized to prevent condensation in both 
motor and geared limit switch compartment(s). 
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a. Furnish heating elements rated at 120 Vac with heaters continuously 
energized. 

12. Open-close actuator controls: 

a. Provide control assembly with necessary holding relays, reversing 
starter, control transformers of sufficient capacity to provide control 
power, space heating element power and valve position transmitter. 

b. Provide control assembly in an enclosure rated for the defined area 
classification. 

c. Controls for open/close actuator: 

1) Provide remote pushbutton station with enclosure rated for area 
classification shown on Drawings with: 

a) Open pushbutton. 

b) Close pushbutton. 

c) Stop pushbutton. 

d) Hand/Off/Auto switch. 

e) Full open light. 

f) Full close light. 

g) Open and close relays as required. 

h) Valve percent open. 

2) Provide control enclosure to accept: 

a) Remote open/close switches. 

3) Provide contacts in control enclosure: 

a) Hand/Off/Auto contact. 

b) Full open contact. 

c) Full close contact. 

d) As required per plans. 

4) Wire all components to an internal terminal strip and include 
mounted wiring diagram inside enclosure. 

5) Actuator shall communicate Modbus RTU as shown on the plans. 

6) Valve percent open. 

13. Additional requirements for modulating valve actuators: 

a. Proportional position servo-amplifier mounted integral with the actuator 
control compartment. 

b. Positioning of valve shall be proportional to a 4-20 mA signal input to 
the position servo-amplifier when remote control has been selected. 

c. Servo-amplifier adjustments shall include zero, span, gain, and dead-
band. 
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d. Provide 4-20 mA signal position control as shown on the Drawings that 
interfaces with the position control/position feedback instrumentation 
wiring to and from PLC. 

e. Actuator shall communicate Modbus RTU as shown on the plans. 

f. For opening/closing speed see schedule. 

D. Electrohydraulic Valve Actuators 

1. Approved Manufacturers 

a. REXA, West Bridgewater, Massachusetts. 

b. The Kerry Company, Allison Park, PA. 

c. Or Engineered Approved Equal 

2. Actuator Design Requirements 

a. Location:    Pump Station 

b. Application:   Pump Discharge Valves 

c. Type of units:   Self-contained, Electraulic rotary 
actuators 

d. Voltage/phase/Hz:  115/1/60  

e. Valves:    Ball Valves  

f. Maximum rotation / stroke: Based on Valve Manufacturer 

g. Stroke rate @ 100% speed: 5 minutes per full rotation 

h. Rated Torque output:  Based off Valve manufacturer torque 

i. Manual override:   Handwheel/drill-drive 

j. Cables & Tubing   As required 

k. Fail-Safe (loss of power): Fail-closed via nitrogen charged 
accumulator system  

3. General Description 

a. A hydraulic, electro-hydraulic or electrical actuator (hereby referred to 
simply as hydraulic is required for this service. 

b. Actuator must adhere to ANSI/ISA-96.06.01-2014. 

c. Actuator must be SIL-3 capable for maximum protection of the pumps. 

d. 28C542, except as modified herein. 

e. Application requirements: 

1) The actuators shall be specifically designed for 100 percent 
continuous duty for pump control service. Actuators with any 
limitations on starts & stops per hour are not acceptable. The 
actuator shall be rated for indoors service, being constructed of 
anodized aluminum & steel with a two part epoxy or powder coating 
for maximum corrosion resistance. 



 WHCRWA 

VALVES: BASIC REQUIREMENTS CENTRAL PUMP STATION       

 

WHCRWA CENTRAL PUMP STATION  
VALVES:  BASIC REQUIREMENTS 

40 05 23- 12 OF 22 

2) The speed of the actuator shall be electronically adjustable via 
programming of the actuator electronics.  Value actuator will 
operate at the speed as governed by the actuator/power module 
combination with a standard speed setting of 2 seconds per 1 
degree of valve rotation. The rate of closing for the pump control 
valve shall be stepped by the control system over an adjustable 
period of five (5) minutes to twenty (20) minutes for complete valve 
travel time. The rate of closing for emergency slow close in the loss 
of electrical power shall be manually adjustable from five (5) 
minutes to twenty (20) minutes for complete valve travel time. The 
emergency slow closing rate of the accumulator fail-safe system 
shall be set independent of the normal closing rate.     

3) Signal repeatability shall be a minimum of 0.10% of full travel.  

4) Actuators must be designed with sufficient force output capable to 
meet the maximum required torque for each valve. 

f. Design Features 

1) Actuator Scope of Supply - The valve actuators shall be supplied as 
a complete assembly that includes a hydraulic actuator, an 
electronics enclosure containing a dedicated programmable 
microprocessor controller and electrical cables connecting the 
aforementioned components. 

2) Position Indication - The hydraulic actuator shall clearly indicate 
valve position locally, via a visible, mechanical apparatus, such as 
a color-coded rotary indication. In addition, the valve actuators shall 
include electric limit switches and position feedback, described 
further herewith. 

3) Manual Operation – The actuators shall come equipped with a 
mechanical means to operate the actuator when electrical supply 
power is not available. Said mechanical means should be 
independent of the actuator hydraulics and capable of being 
isolated during normal operation of the actuator. A declutcheable 
manual hand-wheel with an adaption for use of a cordless drill is 
preferred. 

4) Modes of Operation - The actuators shall have at least two modes 
of operation, one for local control and the other for automatic 
control. Local control is defined as an operational state where the 
actuator can be controlled at the electronics of said actuator 
manually by an operator. Automatic mode is defined as the 
operational state where the actuator is controlled remotely by a 
SCADA, DCS, etc. It is also recommended that the actuators have 
a third mode dedicated to set-up and calibration. 
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5) Fail-Safe Action - Upon loss of primary power, each actuator shall 
fail-closed via a dedicated, isolated accumulator fail-safe system. 
The accumulator system shall be capable of on-line recharge to 
ensure maximum reliability. It shall be provided as a remote 
mounted, vertical skid, connected to each hydraulic cylinder by two 
hose connections supplied by the actuator.  

6) Provide actuators with torque capability 150 percent above the 
maximum operating torque required by each valve, gate or 
equipment. 

7) Enclosure shall be NEMA 4X with space heater 

8) Provide an internal watertight compartment to protect switches, 
contacts, motor and internal electronics from ingress of moisture 
and dust when the external terminal cover is removed. 

9) Breathers, drains and or heaters are not permitted, enclosure must 
be totally sealed. 

10) Actuator shall be capable of requiring at least one password before 
allowing user to perform any adjustments to the actuator. 

g. Hydraulic Specifications 

1) The hydraulic actuators shall consist of a quarter turn rack & pinion 
cylinder assembly which shall be coupled directly to a hydraulic 
power drive/module assembly. Hydraulic actuator must provide 
direct transfer of rotary travel to the valve. Linear actuators with 
mechanical transfer means for rotary operation (ex: scotch yoke 
designs) are not acceptable. 

2) The hydraulic cylinder shall be a rotary, quarter-turn, rack & pinion 
design with tapered roller bearings to prevent side-loading. The 
cylinder shall employ double ingress seals. 

3) The actuator hydraulics will be completely self-contained, with no 
connection to a separate or centralized active reservoir based 
system.  

4) The hydraulic actuator shall be capable of being mounted in any 
position. Actuators with specific orientation requirements for proper 
installation will not be allowed. 

5) The actuator hydraulics will employ biodegradable oil for the 
hydraulic medium. No hydraulic fluids, lubricants or any other 
variations from that of motor or food grade oil will be acceptable. 
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6) The actuator shall provide sufficient force throughout entire stroke 
to overcome breakaway/seating friction and process dynamics. The 
hydraulic assembly shall be designed to operate at a standard 
internal hydraulic operating pressure of 2,000 psi, but will only 
generate the amount of internal psi required to transfer hydraulic 
volume into force capable of overcoming torque required to move 
the valve as required at any given moment. In addition, the 
hydraulic actuators shall contain pressure limiting devices that allow 
the user to limit the internal pressure build-up of the hydraulics to 
2,200-2,300 psi maximum, and field adjustable to lower values, in 
order to protect the internals of the hydraulics. Hydraulic actuators 
that operate at a constant, standard internal pressure greater than 
2,000 psi will not be accepted. 

7) Each actuator shall be supplied from the manufacturer containing at 
maximum 400 cubic inches of oil, completely purged of air and 
hermetically sealed off from the environment. Said actuator shall 
require no additional oil volume after it ships from the manufacturer. 
Actuators using hydraulics that require any oil volume in excess of 
this limitation are not acceptable. Actuators requiring periodic oil 
maintenance (oil changes) will not be acceptable. Actuators 
requiring oil filtration, or containing any type of oil filtering means, 
will not be acceptable: no oil filters are to be incorporated into the 
hydraulic design of the required actuators. 

8) The actuators shall employ a hydraulic circuit that is double-acting, 
transferring oil from one side of the operating cylinder to the other. 
No oil shall be transferred to or removed from a reservoir when the 
actuator makes a position change. No centralized hydraulics 
employing active reservoirs (used during normal operation) shall be 
acceptable. No accumulator-based hydraulic systems shall be 
allowed. No spring-opposed based hydraulic systems will be 
allowed. 

9) The hydraulic power drive/module assembly shall consist of a drive 
train apparatus containing a bi-directional gear pump and a 
hydraulic circuit regulating equal volumes of oil flow into and out of 
the hydraulic cylinder. Said hydraulic circuit shall provide dual 
action, acting as a check valve in one direction and a throttling 
valve for the hydraulic pump in the opposite direction. The valves 
shall direct hydraulic flow from the pump to cause the actuator to 
stroke in the direction indicated by the controller. 

10) The hydraulic power drive/module assembly shall also contain a 
motor that is directly coupled to the pump within the hydraulic 
manifold. The motor shall only operate when a valve position 
change is required. No continuously running motors are acceptable. 
Motors shall be of a brushless servo or stepper motor design. No 
induction motors will be acceptable. 
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11) During normal operation, when the motor/pump is stopped, the 
hydraulic circuit shall be closed, securely locking the actuator in 
place. 

12) A 2 oz., pressurized oil expansion chamber integral to the hydraulic 
manifold with an indicator button to show oil level shall be provided 
as part of the hydraulic assembly. The expansion chamber shall be 
isolated from the normal hydraulic circuit by suction check valves 
and only be used for thermal expansion and contraction of oil in the 
closed-loop system. The expansion chamber shall be under a 
minimum of 20 psi positive pressure to eliminate atmospheric 
ingress. A thermostatically controlled cartridge heater shall be 
included in the hydraulic manifold assembly in order to maintain 
appropriate oil viscosity in the event ambient temperatures should 
fall below 40° F. Heaters supplied are only allowed for the purposes 
of maintaining oil viscosity and shall not be employed as 
condensation heaters. Condensation heaters are not allowed. 

13) Hydraulic seals shall be rated for ~ 1 million full stroke cycles (~ 10 
million “dither” cycles defined as <1.0% step changes) before 
recommended replacement for preventative maintenance. 
Hydraulic actuators designed for lower duty cycles with 
recommended seal upgrades for services less than 500,000 full 
stroke cycles are not allowed. 

h. Electrical Specifications 

1) Actuator shall have no limitations on motor starts & stops per hour. 

2) A separate control enclosure will be provided with each hydraulic 
actuator, said control enclosure containing a dedicated 
programmable microprocessor controller (hereby referred to 
collectively as the actuator electronics). 

3) The electronics will be housed in a NEMA 4X stainless steel control 
enclosure, supplied by the actuator manufacture. Electrical 
controls/apparatus responsible for interpreting incoming control 
signal demand and directing actuator movement shall be housed in 
an enclosure separate from the hydraulic portion of the actuator, 
connected by electrical cables. Hydraulic actuators with “on-
board/all-in-one” electronics will not be acceptable, due to the 
environmental conditions of the actuator installation and end-user 
preference. 
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4) The electronics will monitor the incoming 4-20 mA control signal 
from the SCADA, DCS, etc., while monitoring the real-time position 
of the hydraulic actuator, ensuring both control signal demand and 
current actuator position are in according with each other, as 
programmed by the dead-band setting of the actuator electronics 
(programmable down to 0.05% dead-band). A change in control 
signal outside of the dead-band setting will trigger the electronics to 
make a position change response by signaling the motor of the 
hydraulic actuator to respond accordingly. Said response will be 
virtually instantaneous with no noticeable dead-time between 
demand and movement of the actuator. 

5) The valve actuators shall be designed for 115 +/- 10%, single-
phase, 60 hertz, power supply. Transformers may be used to 
convert a power source of different supply to the required voltage. 

6) Electrical surge protection for the electronics of each valve actuator 
assembly will be supplied on both the incoming supply power and 
control signal connections. 

7) The feedback potentiometer shall be directly mounted to the 
actuator output shaft for 1 to 1 ratio position readout. No geared 
feedback mechanism is allowed. 

8) A continuous position feedback system shall be provided between 
the valve actuator and the SCADA system.  All valve actuators shall 
include the ability to transmit a 4-20 mA continuous position 
indication signal for remote monitoring by the SCADA system. The 
valve actuators shall be designed with passive position 
transmitters. Provide all power and wiring to the actuator local 
control panels.  

9) All cables for connections between the electronics and the 
hydraulic portion of the actuator shall be supplied by the actuator 
manufacturer. Provide quick connect cables.  

10) A microprocessor controller shall be remote mounted and include 
with the CPU board with a five (5) button keypad LED display, 
motor driver, internal power supply and wire terminations. The 
controller shall be mounted in the control enclosure. The Controller 
shall incorporate self diagnostics. In the event of a system 
malfunction; an error code shall register on the LED display. A 4-20 
mA position transmitter shall be included in the controller. 

11) Local controls shall be included and shall be mounted on the cover 
of the control enclosure. Local controls shall provide the user the 
ability to transfer between different modes of the supplied actuator, 
such as a “LOCAL”, “AUTOMATIC” or “SET-UP” mode. 

i. Provide capability for manual and automatic control 

1) Automatic control to be as specified in specification 40 90 05 
Process Control Narratives. 
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2) Manual Control:  Provide the following Control, Status, Alarm and 
Diagnostic capabilities locally, at the actuator: 

a) Control 

(1) Open/Stop/Close. 

b) Status 

(1) Motor Running Open Direction. 

(2) Motor Running Close Direction. 

(3) Fully Open. 

(4) Fully Closed. 

(5) Percentage Open 0-100 percent in 1 percent increments. 

(6) Percentage Output Torque 0-100 percent in 1 percent 
increments. 

(7) In Remote. 

c) Alarms 

(1) Actuator Alarm. 

(2) Valve Alarm. 

(3) Battery Low Alarm, if battery is supplied. 

j. Provide each actuator fitted with eight (8) hard-wired configurable 
contacts. Each Contact shall be rated at 1A, 200VAC/VDC and able to 
provide any one of the following: 

1) Status: 

a) Valve % Open 

b) Valve Fully Open 

c) Valve Fully Closed 

d) Local Stop Selected. 

e) Local Selected. 

f) Remote Selected. 

g) Open or Close Interlock Active. 

h) ESD Active. 

2) Alarms 

a) Motor Tripped on Torque in Mid-Travel. 

b) Motor Tripped on Torque Going Open. 

c) Motor Tripped on Torque Going Closed. 

d) Pre-Set Torque Exceeded. 
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e) Valve Jammed. 

f) Actuator Being Operated by Handwheel. 

g) Lost Main Power Phase. 

h) Customer 24V DC or 120V AC Supply Lost. 

i) Battery Low, if battery is supplied. 

j) Internal Failure Detected. 

k) Thermostat Tripped.   

3) Refer to Specification 40 50 20 – Ball Valves, Section 2.4 for limit 
switch positions and terminal strip information. 

4) Control 

a) Provide non-intrusive selectors on actuator electrical controls 
cover.  One for Local/Stop/Remote selection, pad-lockable in 
each position and the other for local Open/Close control.  
Switches penetrating the housing are not acceptable. 

5) All fasteners and hardware: Type 316 stainless steel. 

6) Paint Finish:  Baked on polyester powder coating 70 microns thick 
and must have passed ASTM B117 35 degrees C Salt Spray Test 
for 1,000 hours. 

a) Provide materials for touch-up of all damaged or abraided 
surfaces due to installation. 

b) Ferrous surfaces obviously not to be painted shall be given a 
shop applied coat of grease or rust resistant coating.  

7) Disconnect and Local Control Station 

a) Enclosure: 

(1) NEMA 4X Type 316 stainless steel for all non-classified areas.  

(2) Mount on a pedestal, or on adjacent structure. 

(a) Hardware and Mounting Supports: Type 316 stainless 
steel. 

b) Control circuits:  24VAC or 120 VAC as required. 

E. Electric Actuators for Chemical Service 

1. Refer to Specification Section 46 24 15 – Chemical Piping, Valves and 
Appurtenances.   

2.4 FABRICATION 

A. End Connections: 
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1. Provide the type of end connections for valves as required in the Piping 
Schedules presented in Specification Section 40 05 13 or as shown on the 
Drawings. 

2. Comply with the following standards: 

a. Threaded:  ASME B1.20.1. 

b. Flanged:  ASME B16.1 Class 125 unless otherwise noted or AWWA 
C207. 

c. Bell and spigot or mechanical (gland) type:  AWWA/ANSI C111/A21.11. 

d. Soldered:  ASME B16.18. 

e. Grooved:  Rigid joints per Table 5 of AWWA C606. 

B. Refer to individual valve Specification Sections for specifications of each type of 
valve used on Project. 

C. Nuts, Bolts, and Washers: 

1. Wetted or internal to be bronze or stainless steel. 

a. Exposed to be zinc or cadmium plated. 

D. On Insulated Piping:  Provide valves with extended stems to permit proper 
insulation application without interference from handle. 

E. Epoxy Interior Coating:  Provide epoxy interior coating for all ferrous surfaces in 
accordance with AWWA C550. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Painting Requirements:  Comply with Specification Section 09 91 00 for painting 
and protective coatings. 

C. Setting Buried Valves: 

1. Locate valves installed in pipe trenches where buried pipe indicated on 
Drawings. 

2. Set valves and valve boxes plumb. 

3. Place valve boxes directly over valves with top of box being brought to 
surface of finished grade. 

4. Install in closed position. 

5. Place valve on firm footing in trench to prevent settling and excessive strain 
on connection to pipe. 

6. After installation, backfill up to top of box for a minimum distance of 4 FT on 
each side of box. 
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D. Support exposed valves and piping adjacent to valves independently to 
eliminate pipe loads being transferred to valve and valve loads being 
transferred to the piping. 

E. For grooved coupling valves, install rigid type couplings or provide separate 
support to prevent rotation of valve from installed position. 

F. Install electric or cylinder actuators above or horizontally adjacent to valve and 
gear box to optimize access to controls and external handwheel. 

G. For threaded valves, provide union on one (1) side within 2 FT of valve to allow 
valve removal. 

H. Install valves accessible for operation, inspection, and maintenance. 

3.2 ADJUSTMENT 

A. Adjust valves, actuators and appurtenant equipment to comply with 
Specification Section 01 75 00. 

1. Operate valve, open and close at system pressures. 

B. For all 120 Vac and 480 Vac electric actuators, employ and pay for services of 
valve actuator manufacturer's field service representative to: 

1. Inspect valve actuators covered by this Specification Section. 

2. Supervise adjustments and installation checks: 

a. Open and close valves electrically under local manual and demonstrate 
that all limit switches are properly adjusted and that switch contacts are 
functioning properly by verifying the inputs are received at the remote 
input/output (RIO) panels or local control panel as appropriate. 

b. Position modulating valves electrically under local manual control and 
demonstrate that the valve position feedback potentiometer is properly 
adjusted and that the feedback signal is received at the RIO panels or 
local control panel as appropriate. 

c. Simulate a valve position command signal at the RIO panel or local 
control panel as appropriate and demonstrate that the valve is 
controlled to the desired position without excessive hunting. 

3. Provide Owner with a written statement that the valve actuator manufacturer 
has verified that the actuators have been installed properly, that all limit 
switches and position potentiometers have been properly adjusted and that 
the valve actuator responds correctly to the valve position command. 
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3.3  FIELD TESTING 

A. After installation of equipment, and after inspection, operation, testing and 
adjustment have been completed by manufacturer's field service engineer, 
conduct running test for each actuator in presence of ENGINEER and OWNER 
to determine its ability to operate without vibration or jamming and to operate at 
the speeds specified.  During tests, observe and record, power unit inputs.  
Promptly correct or replace all defects or defective equipment revealed by or 
noted during tests, at no additional cost to the OWNER, and repeat tests until 
specified results and results acceptable to the ENGINEER are obtained.  
Contractor to provide all labor, equipment, and materials necessary for 
conducting tests. 

B. Make all adjustments necessary to place equipment in specified working order 
at time of above tests. 

C. Remove and replace equipment at no additional cost to the OWNER with 
equipment that will meet all requirements specified and indicated if unable to 
demonstrate to satisfaction of the ENGINEER and OWNER that units will 
perform the service specified and indicated. 

D. Testing shall not commence until valve manufacturer’s technical representative 
and actuator manufacturer’s technical representative have provided written 
confirmation to the OWNER and ENGINEER of proper and satisfactory 
installation, alignment, operation and performance. 

3.4 TOUCH UP FIELD PAINTING 

A. After installation and accepted testing by the ENGINEER and OWNER.  
Contractor shall apply touch-up paint to all scratched, abraided and damaged 
shop painted surfaces.  Coating type and color shall match shop painting. 

3.5 SCHEDULES 

A. Valves less than 4 IN are not scheduled but type and size are defined on 
Drawings in plan, section, or schematic. 

B. Legend of abbreviations 

 Connections 
FLG Flanged 
MJ Mechanical Joint 
VIC Victaulic 
PO Push-On 
SW  Socket Solvent Weld 
T  Threaded 

 Actuator 
CW Chain Wheel 
HW Handwheel 
L Lever 
M Motor 
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PNEU Pneumatic 
HYD Hydraulic 
N 2” Nut 

 Buried/Exposed 
B Buried 
E Exposed 

END OF SECTION 
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Conn. Actuator Buried / 
Exposed SPEC No. Notes

CPS - 01 - S - BFV - 01 001 Incoming Transmission Line 72" 150 psi FLG
ELEC/W 

HW E 40 50 15
open/close time=8 
min,EPDM Seat

CPS - 01 - S - CAV - 01 001 Incoming Chemical Injection Station 4" 150 psi T - E 40 50 35 1/2" orifice
CPS - 01 - S - GV - 01 001 Incoming Injection Station CAV Line 4" 150 psi FLG - E 40 50 05 -
CPS - 01 - S - CAV - 01 002 Incoming Chemical Injection Station 4" 150 psi T - E 40 50 35 1/2" orifice
CPS - 01 - S - GV - 01 002 Incoming Injection Station CAV Line 4" 150 psi FLG - E 40 50 05 -
CPS - 01 - S - GV - 01 003 Incoming Injection Station Drain Line 4" 150 psi FLG - E 40 50 05 -
CPS - 01 - S - CAV - 01 003 GST Service Manhole 3" 150 psi T - E 40 50 35 1/2" orifice
CPS - 01 - SH - BFV - 02 001 84" Pump Suction Header 84" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 01 - SH - CKV - 02 001 Sump at 84" Pump Suction Header 4" 175 psi FLG - E 40 50 35 Bronze Seat Ring/Disc
CPS - 01 - SH - CAV - 02 001 84" Pump Suction Header 3" 150 psi T - E 40 50 35 1/2" orifice
CPS - 01 - SH - GV - 02 001 Suction Header Manway CAV Line 4" 150 psi T - E 40 50 35 1/2" orifice
CPS - 01 - SH - CAV - 02 002 84" Pump Suction Header 4" 150 psi T - E 40 50 35 1/2" orifice
CPS - 01 - SH - GV - 02 002 Suction Header Manway CAV Line 4" 150 psi T - E 40 50 35 1/2" orifice
CPS - 01 - DH - GV - 03 001 Outgoing Injection Station Drain Line 4" 150 psi FLG - E 40 50 05 -
CPS - 01 - DH - BFV - 03 001 36" Transmission Line (TL) 36" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 01 - DH - PRR - 03 001 8" Onsite Portable Water Line 8" 150 psi FLG - E 40 50 35 -
CPS - 01 - DH - BFP - 03 001 8" Onsite Portable Water Line 8" 150 psi FLG - E 40 50 35 -
CPS - 01 - DH - CAV - 03 001 36" Tansmission Line 3" 150 psi T - E 40 50 35 1/4" orifice | dual body
CPS - 01 - DH - CAV - 03 002 36" Tansmission Line 3" 150 psi T - E 40 50 35 1/4" orifice | dual body
CPS - 01 - DH - CAV - 03 003 36" Tansmission Line 3" 150 psi T - E 40 50 35 1/4" orifice | dual body
CPS - 01 - LS - CAV - 04 001 Sanitary Sewer Lift Station 1" 150 psi T - E 40 50 35 1/2" orifice
CPS - 03 - HSP1 - BFV - 01 001 Pump No. 1 Suction Line 48" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP1 - BFV - 01 002 Pump No. 1 Discharge Line 30" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP1 - BV - 01 001 Pump No. 1 Discharge Line 30" 150 psi FLG HYD E 40 50 20 304SS Monel Seat
CPS - 03 - HSP1 - ARV - 01 001 Pump No. 1 1" 150 psi T - E 40 50 35 1/4" orifice
CPS - 03 - HSP1 - CAV - 01 001 Pump No. 1 Discharge Line 3" 150 psi T - E 40 50 35 1/4" orifice | dual body
CPS - 03 - HSP1 - ARV - 01 002 Pump No. 1 Suction Line 2" 150 psi T - E 40 50 35 1/4" orifice
CPS - 03 - HSP2 - BFV - 02 001 Pump No. 2 Suction Line 48" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP2 - BFV - 02 002 Pump No. 2 Discharge Line 30" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP2 - BV - 02 001 Pump No. 2 Dicharge Line 30" 150 psi FLG HYD E 40 50 20 304SS Monel Seat

Tagging
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CPS - 03 - HSP2 - ARV - 02 001 Pump No. 2 1" 150 psi T - E 40 50 35 1/4" orifice
CPS - 03 - HSP2 - CAV - 02 001 Pump No. 2 Discharge Line 3" 150 psi T - E 40 50 35 1/4" orifice | dual body
CPS - 03 - HSP2 - ARV - 02 002 Pump No. 2 Suction Line 2" 150 psi T - E 40 50 35 1/4" orifice
CPS - 03 - HSP3 - BFV - 03 001 Pump No. 3 Suction Line 48" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP3 - BFV - 03 002 Pump No. 3 Discharge Line 30" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP3 - BV - 03 001 Pump No. 3 Dicharge Line 30" 150 psi FLG HYD E 40 50 20 304SS Monel Seat
CPS - 03 - HSP3 - ARV - 03 001 Pump No. 3 1" 150 psi T - E 40 50 35 1/4" orifice
CPS - 03 - HSP3 - CAV - 03 001 Pump No. 3 Discharge Line 3" 150 psi T - E 40 50 35 1/4" orifice | dual body
CPS - 03 - HSP3 - ARV - 03 002 Pump No. 3 Suction Line 2" 150 psi T - E 40 50 35 1/4" orifice
CPS - 03 - HSP4 - BFV - 04 001 Pump No. 4 Suction Line 48" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP4 - BFV - 04 002 Pump No. 4 Discharge Line 30" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP4 - BV - 04 001 Pump No. 4 Dicharge Line 30" 150 psi FLG HYD E 40 50 20 304SS Monel Seat
CPS - 03 - HSP4 - ARV - 04 001 Pump No. 4 1" 150 psi T - E 40 50 35 1/4" orifice
CPS - 03 - HSP4 - CAV - 04 001 Pump No. 4 Discharge Line 3" 150 psi T - E 40 50 35 1/4" orifice | dual body
CPS - 03 - HSP4 - ARV - 04 002 Pump No. 4 Suction Line 2" 150 psi T - E 40 50 35 1/4" orifice
CPS - 03 - HSP5 - BFV - 05 001 Future Pump No. 5 Suction Line 48" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP5 - BFV - 05 002 Future Pump No. 5 Discharge Line 30" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP5 - CAV - 05 001 Pump No. 5 Discharge Line 3" 150 psi T - E 40 50 35 1/4" orifice | dual body
CPS - 03 - HSP5 - ARV - 05 002 Pump No. 5 Suction Line 2" 150 psi T - E 40 50 35 1/4" orifice
CPS - 03 - HSP6 - BFV - 06 001 Future Pump No. 6 Suction Line 48" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP6 - BFV - 06 002 Future Pump No. 6 Discharge Line 30" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 03 - HSP6 - CAV - 06 001 Pump No. 6 Discharge Line 3" 150 psi T - E 40 50 35 1/4" orifice | dual body
CPS - 03 - HSP6 - ARV - 06 002 Pump No. 6 Suction Line 2" 150 psi T - E 40 50 35 1/4" orifice
CPS - 04 - CLT1 - BV - 01 001 Sodium HypoChlorite Line 1" 150 psi FLG MOTOR E 46 24 15 CPVC
CPS - 04 - LAST1 - BV - 02 001 LAS Line 1/2" 150 psi FLG MOTOR E 46 24 15 PVC
CPS - 05 - GST1 - BFV - 01 001 GST No. 1 Inlet Line 48" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 05 - GST1 - BFV - 01 002 GST No. 1 Drain Line 30" 150 psi FLG HW B 40 50 15 EPDM Seat
CPS - 05 - GST1 - BFV - 01 003 GST No. 1 Outlet Line 72" 150 psi MJ HW E 40 50 15 EPDM Seat
CPS - 05 - GST1 - FV - 01 001 GST No. 1 Overflow 36" 10 psi PE - E 40 50 35 -
CPS - 05 - GST1 - FV - 01 002 GST No. 1 Overflow 36" 10 psi PE - E 40 50 35 -
CPS - 05 - GST1 - FV - 01 003 GST No. 1 Drain Line 30" 10 psi PE - E 40 50 35 -
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CPS - 05 - GST1 - DBV - 01 001 GST No. 1 Underdrain 6" 10 psi SW - E 40 50 30 -
CPS - 05 - GST1 - DBV - 01 002 GST No. 1 Underdrain 6" 10 psi SW - E 40 50 30 -
CPS - 05 - GST2 - BFV - 02 001 GST No. 2 Inlet Line 48" 150 psi FLG HW E 40 50 15 EPDM Seat
CPS - 05 - GST2 - BFV - 02 002 GST No. 2 Drain Line 30" 150 psi FLG HW B 40 50 15 EPDM Seat
CPS - 05 - GST2 - BFV - 02 003 GST No. 2 Outlet Line 72" 150 psi MJ HW E 40 50 15 EPDM Seat
CPS - 05 - GST2 - FV - 02 001 GST No. 2 Overflow 36" 10 psi PE - E 40 50 35 -
CPS - 05 - GST2 - FV - 02 002 GST No. 2 Overflow 36" 10 psi PE - E 40 50 35 -
CPS - 05 - GST2 - FV - 02 003 GST No. 2 Drain Line 30" 10 psi PE - E 40 50 35 -
CPS - 05 - GST2 - DBV - 02 001 GST No. 2 Underdrain 6" 10 psi SW - E 40 50 30 -
CPS - 05 - GST2 - DBV - 02 002 GST No. 2 Underdrain 6" 10 psi SW - E 40 50 30 -
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SECTION 40 20 13 

PIPE:  MISCELLANEOUS STEEL  

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Steel pipe, fittings, and appurtenances for nonpotable service lines and 
potable water service lines smaller than 24 IN in diameter.  Stainless steel 
piping is described in Specification 40 20 76. 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 09 91 00 - Painting and Protective Coatings. 

4. Section 40 05 13 - Pipe and Pipe Fittings:  Basic Requirements. 

C. This section is not applicable to water lines unless specifically noted in the 
drawings, this specification, or other specifications.     

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment 
for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Mechanical Engineers (ASME): 

a. B1.1, Unified Inch Screw Threads (UN and UNR Thread Form). 

b. B1.2, Gages and Gaging for Unified Inch Screw Threads. 

c. B16.3, Malleable Iron Threaded Fittings. 

d. B16.5, Pipe Flanges and Flanged Fittings. 

e. B16.9, Factory-Made Wrought Steel Butt-Welding Fittings. 

f. B16.11, Forged Steel Fittings, Socket Welding and Threaded. 

g. B31.1, Power Piping. 

h. B31.3, Process Piping. 

i. B31.9, Building Services Piping. 
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j. Section IX, Qualification Standard for Welding and Brazing Procedures, 
Welders, Brazers, and Welding and Brazing Operators. 

2. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Welded and Seamless. 

c. A181, Standard Specification for Carbon Steel Forgings, for General-
Purpose Piping. 

d. A234, Standard Specification for Pipe Fittings of Wrought Carbon Steel 
and Alloy Steel for Moderate and High Temperature Service. 

e. A283, Standard Specification for Low and Intermediate Tensile Strength 
Carbon Steel Plates. 

f. A572, Standard Specification for High-Strength Low-Alloy Columbium-
Vanadium Structural Steel. 

g. A1011, Standard Specification for Steel, Sheet and Strip, Hot-Rolled, 
Carbon, Structural, High-Strength Low-Alloy and High-Strength Low-
Alloy with Improved Formability. 

h. B6, Standard Specification for Zinc. 

i. B695, Standard Specification for Coatings of Zinc Mechanically 
Deposited on Iron and Steel. 

3. American Water Works Association (AWWA): 

a. C200, Standard for Steel Water Pipe - 6 IN and Larger. 

b. C203, Standard for Coal-Tar Protective Coatings and Linings for Steel 
water Pipeline - Enamel and Tape - Hot Applied. 

c. C205, Standard for Cement-Mortar Lining and Coating for Steel Water 
Pipe - 4 IN and Larger - Shop Applied. 

d. C206, Standard for Field Welding of Steel Water Pipe. 

e. C207, Standard for Steel Pipe Flanges for Waterworks Service - Sizes 4 
IN through 144 IN. 

f. C208, Standard for Dimensions for Fabricated Steel Water Pipe Fittings. 

g. C209, Standard for Cold-Applied Tape Coatings for the Exterior of 
Special Sections, Connections, and Fittings for Steel Water Pipelines. 

h. C210, Standard for Liquid-Epoxy Coating Systems for the Interior and 
Exterior of Steel Water Pipelines. 

i. C213, Standard for Fusion-Bonded Epoxy Coating for the Interior and 
Exterior of Steel Water Pipelines. 

j. C214, Tape Coating Systems for the Exterior of Steel Water Pipelines. 

k. C222, Standard for Polyurethane Coatings for the Interior and Exterior of 
Steel Water Pipe and Fittings. 

l. C606, Standard for Grooved and Shouldered Joints. 

m. M11, Steel Pipe - A Guide for Design and Installation. 



WHCRWA PIPE: 

CENTRAL PUMP STATION MISCELLANEOUS STEEL 

  

WHCRWA CENTRAL PUMP STATION   
PIPE: MISCELLANEOUS STEEL 

40 20 13 - 3 of 12 

4. Society of Automotive Engineers (SAE): 

a. AMS-QQ-P-416, Cadmium Plating Electro deposited. 

B. Qualifications: 

1. Application of  lining and coating materials including preparation of surfaces, 
priming, and lining and coating of pipe, fittings, and specials, in shop, repairs 
of any damage to lining or coating occurring during shipment or any other 
time, and field lining and coating of ends where linings or coatings have been 
held back for welded field joints, shall be done by established and recognized 
pipe company acceptable to Owner’s representative. 

2. Use only certified welders meeting procedures and performance outlined in 
ASME Section IX, AWWA C200 Section 3.3.3 and other codes and 
requirements per local building and utility requirements. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. See Specification Section 40 05 13. 

3. Factory test reports. 

4. If mechanical grooved type coupling system is used, submit piping, fittings, 
and appurtenant items which will be utilized. 

5. Coating manufacturer's qualifications. 

6. Welders certificates. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following manufacturers 
are acceptable: 

1. Flanged adaptors: 

a. Rockwell (Style 913 (steel)). 

b. Dresser (Style 128 (steel)). 

2. Insulating couplings: 

a. Rockwell (Style 416). 

b. Dresser (Style 39). 

3. Reducing couplings: 

a. Rockwell (Style 415). 

b. Dresser (Style 62). 
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4. Transition coupling: 

a. Rockwell (Style 413). 

b. Dresser (Style 62). 

5. Compression sleeve coupling: 

a. Rockwell (Style 411 (steel)). 

b. Dresser (Style 38 (steel)). 

6. Mechanical couplings and fittings: 

a. Victaulic (Style 07 or 77). 

b. S.P. Fittings. 

7. Vibration isolation equipment connections for natural gas: 

a. Flexonics (Model 401H). 

8. Flexible connectors for hot water equipment: 

a. Flexonics (FLG Series). 

b. Thermo Tech (F/J/R Series). 

9. Factory-applied plastic or epoxy coatings: 

a. "Encoat" Division of Energy Coating Company. 

b. "Scotchkote" Division of 3M Company. 

c. Urethane coating. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. All materials used in steel piping systems defined in Section 40 05 13 shall meet 
or exceed pressure test requirements specified for each respective system.  For 
Ground Storage Tank piping system test requirements see Specification Section 
33 16 14. 

B. Steel Pipe (Fabricated Type): 

1. AWWA C200: 

a. ASTM A36, Grade C steel plate. 

b. ASTM A283, Grade D steel plate. 

c. ASTM A572, steel plate. 

d. ASTM A1011, steel sheet. 

C. Steel Pipe (Mill Type):  ASTM A53, Type E or S. 

D. Fittings (For Fabricated Pipe):  AWWA C208. 



WHCRWA PIPE: 

CENTRAL PUMP STATION MISCELLANEOUS STEEL 

  

WHCRWA CENTRAL PUMP STATION   
PIPE: MISCELLANEOUS STEEL 

40 20 13 - 5 of 12 

E. Fittings (For Mill Type Pipe): 

1. ASTM A234. 

2. ASME B16.5, ASME B16.9, ASME B16.11 

3. ASME B16.3. 

F. Flanges (Fabricated Pipe): 

1. AWWA C207 

2. Flange material:  ASTM A283, Grade C or D, ASTM A181, Grade 1. 

3. Flange finish:  Flat faced. 

G. Flanges (Mill Type Pipe): 

1. ASME B16.5. 

2. Flat faced. 

3. Slip-on flanges. 

H. Nuts and Bolts: 

1. Buried/Submerged:  316 Stainless 

2. Exposed:  Mechanical galvanized ASTM B695, Class 40. 

3. Heads and dimensions per ASME B1.1. 

4. Threaded per ASME B1.1. 

5. Project ends 1/4 to 1/2 IN beyond nuts. 

I. Gaskets:  See individual piping systems in Specification Section 40 05 13, and 
Specification Section 33 16 14 for Ground Storage Tank piping system. 

2.3 MANUFACTURED UNITS 

A. Couplings: 

1. Flanged adaptors: 

a. Steel or carbon steel body sleeve, flange, followers and Grade 30 rubber 
gaskets. 

b. Provide units specified in the ACCEPTABLE MANUFACTURERS Article. 

c. Flanges meeting standards of adjoining flanges. 

d. Tie bolt assembly. 

1) For pipe 14 IN and larger. 

2) Minimum four (4) bolts equally spaced around the pipe and 
extending from cast steel lugs welded on the pipe to lugs welded on 
the coupling middle ring. 

e. Entire assembly to be rated for test pressure specified on Piping 
Schedule for each respective application. 
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2. Compression sleeve coupling: 

a. Steel sleeve, followers Grade 30 and rubber gaskets. 

b. Provide units specified in the ACCEPTABLE MANUFACTURERS Article. 

c. Flanges meeting standards of adjoining flanges. 

d. Tie bolt assembly. 

1) For pipe 14 IN and larger. 

2) Minimum four (4) bolts equally spaced around the pipe and 
extending from cast steel lugs welded on the pipe to lugs welded on 
the coupling middle ring. 

e. Entire assembly to be rated for test pressure specified on Piping 
Schedule for each respective application. 

f. Provide field coating for buried couplings per AWWA C203. 

3. Mechanical coupling joint: 

a. Use of mechanical grooved (AWWA C606) type couplings and fittings in 
lieu of flanged joints is acceptable where specifically specified in Section 
40 05 13. 

b. Utilize units defined in the ACCEPTABLE MANUFACTURERS Article. 

2.4 ACCESSORIES 

A. Heating Water Application: 

1. For steel heating lines, provide braided, flanged stainless steel connectors 
for connection to equipment. 

2. Provide pump connectors with stainless steel construction, rubber filled 
bellows and flanged end connections. 

B. Natural Gas Equipment Isolator:  316L stainless steel, T-321 stainless steel braid 
with connections compatible with joints in piping system. 

2.5 FABRICATION 

A. The thicknesses defined below through 26 IN are minimum values manufactured 
under ASTM A53 for the respective pipe sizes.  Pipe and fittings larger than 26 
IN to be designed in accordance with AWWA M11 and AWWA C208, to 
withstand most critical simultaneous application of external loads and internal 
pressures.  Provide piping (mill or fabricated) for use in the Project with minimum 
wall thicknesses as follows or as shown in schedule: 

1. 1/8 - 5 IN DIA pipe:  Schedule 40. 

2. 6 - 10 IN DIA pipe:  3/16 IN. 

3. 12 - 14 IN DIA pipe:  7/32 IN. 

4. 16 - 48 IN DIA pipe:  1/4 IN. 

5. 54 - 60 IN DIA pipe:  5/16 IN. 
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6. 66 - 72 IN DIA pipe:  3/8 IN. 

7. 72 - 96 IN DIA pipe:  0.365 IN. 

8. Sizes through 24 IN are nominal OD. 

a. Sizes greater than 24 are ID. 

9. Wall thicknesses indicated are for standard weight pipe. 

a. Design pipe in accordance with operating pressures shown in Piping 
Schedules for a design stress limited to 50 percent of yield. 

B. Furnish cast parts with lacquer finish compatible with finish coating. 

C. Furnish without outside coating of bituminous material any exposed pipe 
scheduled to be painted. 

D. Fabricated Fittings: 

1. AWWA C208. 

2. Assure ratio of radius of bend to diameter of pipe equal to or greater than 
1.0. 

3. Minimum number of pieces: 

a. Less than 30-Deg deflection:  2. 

b. 30-Deg to less than 45-Deg deflection:  3. 

c. 45-Deg to less than 60-Deg deflection:  4. 

d. 60-Deg through 90-Deg deflection:  5. 

4. Include collars or wrappers at tees and wyes if required by ASME B31.3 

E. Taper cement mortar linings as required for valve interfacing. 

F. Protective Coatings and Linings: 

1. Pipe Linings: 

a. AWWA C203, Standard for Coal-Tar Protective Coatings and Linings for 
Steel Water Pipelines—Enamel and Tape—Hot-Applied. 

b. AWWA C205, Standard for Cement–Mortar Protective Lining and 
Coating for Steel Water Pipe—4 In. (100 mm) and Larger—Shop 
Applied. 

c. AWWA C210, Standard for Liquid Epoxy Coating Systems for the Interior 
and Exterior of Steel Water Pipelines. 

d. AWWA C213, Standard for Fusion-Bonded Epoxy Coating for the Interior 
and Exterior of Steel Water Pipelines. 

e. AWWA C222, Standard for Polyurethane Coatings for the Interior and 
Exterior of Steel Water Pipe and Fittings. 

f. AWWA C224, Standard for Two-Layer Nylon-11-Based Polyamide 
Coating System for the Interior and Exterior of Steel Water Pipe, 
Connections, Fittings, and Special Sections. 
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g. AWWA C602, Standard for Cement–Mortar Lining of Water Pipelines—4 
In. (100 mm) and Larger In Place. 

2. Pipe Coatings: 

a. Synthetic primer with hot coat enamel into which single layer of 
asbestos-felt wrap is bonded and finished with one (1) coat whitewash or 
single wrap of kraft paper in accordance with AWWA C203 Section 2. 

b. Synthetic primer with heated tape in accordance with AWWA C203 
Section 3. 

c. Synthetic primer with hot coat enamel and bonded double asbestos felt 
wraps in accordance with AWWA C203. 

d. Synthetic primer with hot coat enamel and reinforced cement-mortar 
shield in accordance with AWWA C203 Appendix A Section A1.4. 

e. Synthetic primer with hot coat enamel, fibrous-glass mat and bonded 
asbestos-felt wrap in accordance with AWWA C203 Appendix A Section 
A1.5. 

f. Reinforced cement-mortar in accordance with AWWA C205. 

g. Primer and prefabricated cold-applied tape in accordance with AWWA 
C209. 

h. Epoxy in accordance with AWWA C210. 

i. Fusion-bonded epoxy in accordance with AWWA C213. 

j. Cold applied type in accordance with AWWA C214. 

k. Painting and protective coatings in accordance with Specification Section 
09 91 00. 

l. Polyurethane in accordance with AWWA C222. 

m. Galvanizing in accordance with ASTM B6. 

n. 3M "Scotchkote" or Energy Coatings Company "Encoat" in accordance 
with manufacturer's recommendations. 

2.6 SOURCE QUALITY CONTROL 

A. Testing: 

1. Shop hydrostatic test fabricated steel pipe and fittings. 

2. Field hydrostatic test all pipe as specified in Specification Section 40 05 13.  
For field hydrostatic test of Ground Storage Tank piping see Specification 
Section 33 16 14. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Joining Methods - Flanges: 

1. Facing method: 

a. Insert slip-on flange on pipe. 

b. Assure maximum tolerances for flange faces from normal with respect to 
axis of pipe is 0.005 IN per foot of flange diameter. 

c. Test flanges after welding to pipe for true to face condition and reface, if 
necessary, to bring to specified tolerance. 

2. Joining method: 

a. Leave 1/8 to 3/8 IN of flange bolts projecting beyond face of nut after 
tightening. 

b. Coordinate dimensions and drillings of flanges with flanges for valves, 
pumps, equipment, tank, and other interconnecting piping systems. 

c. When bolting flange joints, exercise extreme care to assure that there is 
no restraint on opposite end of pipe or fitting which would prevent 
uniform gasket compression or cause unnecessary stress, bending or 
torsional strains being applied to cast flanges or flanged fittings. 

1) Allow one (1) flange free movement in any direction while bolts are 
being tightened. 

d. Do not assemble adjoining flexible coupled, mechanical coupled or 
welded joints until flanged joints in piping system have been tightened. 

e. Gradually tighten flange bolts uniformly to permit even gasket 
compression. 

f. Do not overstress bolts to compensate for poor installation. 

C. Joining Method - Welded Joints: 

1. Perform welding in accordance with AWWA C206 and this Specification 
Section. 

2. For flange attachment perform in accordance with AWWA C207. 

3. Have each welding operator affix an assigned symbol to all his welds. 

a. Mark each longitudinal joint at the extent of each operator's welding. 

b. Mark each circumferential joint, nozzle, or other weld into places 180 
degrees apart. 
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4. Welding for all process piping shall conform with ASME B31.3. 

a. Welding of utility piping 125 psi and less shall be welded per ASME 
B31.9. 

b. Utility piping above 125 psi shall conform to ASME B31.1. 

5. Provide caps, tees, elbows, reducers, etc., manufactured for welded 
applications. 

6. Weldolets may be used for 5 IN and larger pipe provided all slag is removed 
from inside the pipe. 

7. Weld-in nozzles may be used for branch connections to mains and where 
approved by Owner’s representative. 

8. Use all long radius welding elbows for expansion loops and bends. 

9. Use long radius reducing welding elbows 90 degree bends and size changes 
are required. 

D. Joining Method - Couplings: 

1. Compression sleeve: 

a. Install coupling to allow space of not less than 1/4 IN but not more than 1 
IN. 

b. Provide harnessed joint. 

1) Use joint harness arrangements detailed in AWWA M11. 

c. Design harness assembly with adequate number of tie rods for test 
pressures indicated in Section 40 05 13 and allow for expansion of pipe. 

d. Provide ends to be joined or fitted with compression sleeve couplings of 
the plain end type. 

e. Grind smooth welds the length of one (1) coupling on either side of joint 
to be fitted with any coupling. 

f. Assure that outside diameter and out-of-round tolerances are within 
limits required by coupling manufacturer. 

2. Mechanical coupling: 

a. Arrange piping so that pipe ends are in full contact. 

b. Groove and shoulder ends of piping in accordance with manufacturer's 
recommendations. 

c. Provide coupling and grooving technique assuring a connection which 
passes pressure testing requirements. 

E. Joining Method - Threaded and Coupled (T/C): 

1. Provide T/C end conditions that meet ASME B1.2 requirements. 

2. Furnish pipe with factory-made T/C ends. 

3. Field cut additional threads full and clean with sharp dies. 
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4. Leave not more than three (3) pipe threads exposed at each branch 
connection. 

5. Ream ends of pipe after threading and before assembly to remove burrs. 

6. Use Teflon thread tape on male thread in mating joints. 

F. Support exposed piping in accordance with Specification Section 40 05 13.  See 
Specification Section 33 16 14 for Ground Storage Tank piping. 

G. Install buried piping per Specification Section 40 05 13.   
For Ground Storage Tank piping under the tanks see Drawings and Specification 
Section 33 16 14. 

3.2 FIELD QUALITY CONTROL 

A. Test piping systems in accordance with Specification Section 40 05 13 except for 
Ground Storage Tank piping which shall be tested according to Specification 
Section 33 16 14. 

END OF SECTION 
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SECTION 40 20 16

PIPE:  DUCTILE

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Ductile iron piping, fittings, and appurtenances.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

3. Section 40 05 13 - Pipe and Pipe Fittings:  Basic Requirements.

4. Section 40 20 60 – Polyethylene Wrap.

1.2 MEASUREMENT AND PAYMENT

A. No separate payment will be made for ductile iron pipe and fittings under this 
Section. Include cost in unit prices for work as specified in the following Section 
40 05 13.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. American Society of Mechanical Engineers (ASME):

a. B1.1, Unified Inch Screw Threads (UN and UNR Thread Form).

b. B16.1, Cast Iron Pipe Flanges and Flanged Fittings - Classes 25, 125 
and 250.

2. ASTM International (ASTM):

a. B695, Standard Specification for Coatings of Zinc Mechanically 
Deposited on Iron and Steel.

3. American Water Works Association (AWWA):

a. C105, Polyethylene Encasement for Ductile-Iron Pipe Systems. 

b. C203, Standard for Coal-Tar Protective Coatings and Linings for Steel 
Water Pipelines - Enamel and Tape - Hot Applied.

a. C600, Standard for Installation of Ductile-Iron Water Mains and Their 
Appurtenances

b. C606, Standard for Grooved and Shouldered Joints.
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4. American Water Works Association/American National Standards Institute 
(AWWA/ANSI):

a. C104/A21.4, Standard for Cement-Mortar Lining for Ductile Iron Pipe and 
Fittings

b. C105/A21.5, Standard for Polyethylene Encasement for Ductile-Iron Pipe 
Systems.

c. C110/A21.10, Standard for Ductile-Iron and Gray-Iron Fittings for Water.

d. C111/A21.11, Standard for Rubber-Gasket Joints for Ductile-Iron 
Pressure Pipe and Fittings.

e. C115/A21.15, Standard for Flanged Ductile-Iron Pipe with Ductile-Iron or 
Gray-Iron Threaded Flanges.

f. C116/A21.16, Protective Fusion Bonded Epoxy Coating for the Interior 
and Exterior Surfaces of Ductile Iron and Grey Iron Fittings for Water 
Supply Service

g. C150/A21.50, Standard for Thickness Design of Ductile-Iron Pipe.

h. C151/A21.51, Standard for Ductile-Iron Pipe, Centrifugally Cast, for 
Water.

i. C153/A21.53, Standard for Ductile-Iron Compact Fittings for Water 
Service.

5. Society of Automotive Engineers (SAE):

a. AMS-QQ-P-416, Cadmium Plating - Electro-deposited.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.

2. See Specification Section 40 05 13.

3. Certification of factory hydrostatic testing.

4. Manufacturer’s certifications that ductile iron pipe and fittings meet 
provisions of this Section.

5. Manufacturer’s pipe design calculations.

6. Provide pipe lay schedule.

7. Provide calculations and limits of thrust restraint shall be based on AWWA 
M41 or DIPRA Thrust Restraint for Ductile Iron Pipe, latest edition.

8. If mechanical coupling system is used, submit piping, fittings, and 
appurtenant items which will be utilized to meet system requirements.
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PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable:

1. Flanged adaptors:

a. Rockwell (Style 913 (steel)).

b. Dresser (Style 128 (steel)).

2. Compression sleeve coupling:

a. Rockwell (Style 431 (cast)).

b. Dresser (Style 153 (cast)).

3. Mechanical coupling:

a. Victaulic (Style 31).

b. Tyler.

4. Glass lining:

a. Ceramic Coating (Non-Stick Glass Lining).

b. Permutit (SG-14 Glass Lining).

5. Insulating couplings:

a. Rockwell (Style 416).

b. Dresser (Style 39).

6. Reducing couplings:

a. Rockwell (Style 415).

b. Dresser (Style 62).

7. Transition coupling:

a. Rockwell (Style 413).

b. Dresser (Style 62).

8. Polyethylene encasement tape:

a. Chase (Chasekote 750).

b. Kendall (Polyken 900).

c. 3 M (Scotchrap 50).

9. Restrained joints:

a. American (Lock Fast) - 12 IN and below.

b. US Pipe (TR-Flex) - 4 IN to 54 IN.

c. American (Lock Fast) - Above 12 IN.
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B. Submit request for substitution in accordance with Specification Section 01 25 
13.

2.2 MATERIALS

A. Ductile Iron Pipe:

1. AWWA/ANSI C115/A21.15.

2. AWWA/ANSI C150/A21.50.

3. AWWA/ANSI C151/A21.51.

B. Fittings and Flanges:

1. AWWA/ANSI C110/A21.10.

2. AWWA/ANSI C115/A21.15.

3. Flanges drilled and faced per ASME B16.1 for both 125 and 250 psi 
applications.

4. Use fittings of same size as pipe. Reducers are not permitted to facilitate an 
off-size fitting.  Reducing bushings are also prohibited. Make reductions in 
piping size by reducing fittings. Line and coat fittings as specified for pipe 
they connect to.

C. Nuts and Bolts:

1. Buried:  Cadmium-plated meeting SAE AMS-QQ-P-416, Type 1, Class 2 
(Cor-Ten) for buried application.

2. Exposed:  Mechanical galvanized ASTM B695, Class 40.

3. Heads and dimensions per ASME B1.1.

4. Threaded per ASME B1.1.

5. Project ends 1/4 to 1/2 IN beyond nuts.

D. Gaskets:  See individual piping system requirements in Specification Section 40 
05 13.

E. If mechanical coupling system is used, utilize pipe thickness and grade in 
accordance with AWWA C606.

F. Polyethylene Encasement:  See AWWA/ANSI C105/A21.5.

G. See Piping Schedules in Specification Section 40 05 13.

2.3 MANUFACTURED UNITS

A. Couplings:

1. Flanged adaptors:

a. Unit consisting of steel or carbon steel body sleeve, flange, followers, 
Grade 30 rubber gaskets.

b. Provide units specified in the ACCEPTABLE MANUFACTURERS Article.
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c. Supply flanges meeting standards of adjoining flanges.

d. Rate entire assembly for test pressure specified on piping schedule for 
each respective application.

2. Compression sleeve coupling:

a. Unit consisting of steel sleeve, followers, Grade 30 rubber gaskets.

b. Provide units specified in the ACCEPTABLE MANUFACTURERS Article.

c. Supply flanges meeting standards of adjoining flanges.

d. Entire assembly to be rated for test pressure specified on piping 
schedule for each respective application.

e. Provide field coating for buried couplings per AWWA C203.

3. Mechanical couplings:

a. Use of mechanical couplings and fittings in lieu of flanged joints is 
acceptable where specifically specified in Specification Section 40 05 13.

b. Utilize units defined in the ACCEPTABLE MANUFACTURERS Article.

B. Furnish and install without outside coatings of bituminous material any exposed 
pipe scheduled to be painted.

C. Provide pipe sections in standard lengths, not less than 18 FT long, except for 
special fittings and closure sections as indicated on shop drawings.

D. Furnish cast parts with lacquer finish compatible with finish coat.

E. Pressure Class Pipe for water lines:

1. Base design on minimum of AASHTO HS20 loading.

2. Design pipes with Marston’s earth loads for transition width trench for 0-16 
FT of cover.

3. Working pressure = 150psi

4. Hydrostatic field test pressure = 150psi

5. Maximum pressure due to surge = 225psi

6. Minimum pressure due to surge = -10psi

7. Design tensile stress due to surge or hydrostatic test pressure: No greater 
than 50% minimum yield

8. Design bending stress due to combined earth loads and surge or hydrostatic 
test pressure: No greater than 48,000 psi

9. Unit weight of fill 2' 120 pcf.

10.Deflection lag factor (Dl) = 1.2.

11.Bedding constant (K) = 0.1.

12.Moment coefficient = 0.16.
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13.Fully saturated soil conditions hw=h=depth of cover above top of pipe.

F. Pipe for sanitary lines:

1. Provide minimum thickness Class 53

2. Provide polyethylene encasement material and installation in accordance 
with AWWA C105, and backfill as specified. Minimum of two complete 
wraps of 8-mil-thick polyethylene.

3. Use polyethylene encasement for open cut installations only.

G. Glass Lining:

1. Minimum two-coat process.

a. Base coat heated to solidly fuse glass to pipe surface.

b. Subsequent coat(s) heated to form integral bond with preceding coat.

2. Final finish parameters:

a. Thickness:  8-12 mils.

b. Hardness:  Above 5 on MOHS scale.

c. Density:  2.5-3.0 grams per cubic centimeter.

d. Metal to lining bonding:  Capable of withstanding strain of 0.0001 IN/IN 
without damage to lining.

3. Complete compatibility between fittings and piping.

2.4 LININGS AND COATINGS

A. Where specified in piping schedule, provide linings to a minimum thickness of 
40 mils.

1. Polyethylene conforming to ASTM D1248, "Polybond" by American Pipe.

2. Polyurethane, "Polythane" by U.S. Pipe.

3. Ceramic epoxy, "Protecto 401" by U.S. Pipe.

4. Calcium aluminate, "Sewper Coat" by Griffin Pipe.

B. Water Lines:

1. ANSI A21.4, cement lined with seal coat; ANSI A 21.16 fusion bonded 
epoxy coating for interior; comply with NSF 6.

C. Sanitary Lines:

1. Preparation: Commercial blast cleaning conforming to SSPC-SP6.

2. Liner Thickness: Nominal 40 mils for pipe barrel interior, minimum 6-10 mils 
at gasket groove and outside spigot end to 6 IN back from end.

D. Provide cement mortar lining in accordance with AWWA C104 where specified 
in piping schedule. Omit bituminous seal coat where indicated in piping schedule. 



WHCRWA

CENTRAL PUMP STATION PIPE:  DUCTILE

WHCRWA CENTRAL PUMP STATION
PIPE:  DUCTILE

40 20 16 - 7 OF 10

2.5 SOURCE QUALITY CONTROL

A. Factory Test:

1. Subject pipe to hydrostatic test of not less than 500 psi with the pipe under 
the full test pressure for at least 10 seconds.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Joining Method - Push-On Mechanical (Gland-Type) Joints:

1. Install in accordance with AWWA/ANSI C111/A21.11.

2. Assemble mechanical joints carefully according to manufacturer's 
recommendations.

3. If effective sealing is not obtained, disassemble, thoroughly clean, and 
reassemble the joint.

4. Do not overstress bolts.

5. Where piping utilizes mechanical joints with tie rods, align joint holes to 
permit installation of harness bolts.

B. Joining Method - Push-On Joints:

1. Install in accordance with AWWA/ANSI C151/A21.51.

2. Assemble push-on joints in accordance with manufacturer's directions.

3. Bevel and lubricate spigot end of pipe to facilitate assembly without damage 
to gasket.

a. Use lubricant that is non-toxic, does not support the growth of bacteria, 
has no deteriorating effects on the gasket material, and imparts no taste 
or odor to water in pipe.

4. Assure the gasket groove is thoroughly clean.

5. For cold weather installation, warm gasket prior to placement in bell.

6. Taper of bevel shall be approximately 30 degrees with centerline of pipe and 
approximately 1/4 IN back.

C. Joining Method - Flanged Joints:

1. Install in accordance with AWWA/ANSI C115/A21.15.

2. Extend pipe completely through screwed-on flanged and machine flange 
face and pipe in single operation.

3. Make flange faces flat and perpendicular to pipe centerline.

4. When bolting flange joints, exercise extreme care to ensure that there is no 
restraint on opposite end of pipe or fitting which would prevent uniform 
gasket compression or would cause unnecessary stress, bending or 
torsional strains to be applied to cast flanges or flanged fittings.
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5. Allow one (1) flange free movement in any direction while bolts are being 
tightened.

6. Do not assemble adjoining flexible joints until flanged joints in piping system 
have been tightened.

7. Gradually tighten flange bolts uniformly to permit even gasket compression.

D. Joining Method - Mechanical Coupling Joint:

1. Arrange piping so that pipe ends are in full contact.

2. Groove and shoulder ends of piping in accordance with manufacturer's 
recommendations.

3. Provide coupling and grooving technique assuring a connection which 
passes pressure testing requirements.

E. Flange Adaptors 12 IN and Less:

1. Locate and drill holes for anchor studs after pipe is in place and bolted tight.

2. Drill holes not more than 1/8 IN larger than diameter of stud projection.

F. Cutting:

1. Do not damage interior lining material during cutting.

2. Use abrasive wheel cutters or saws.

3. Make square cuts.

4. Bevel and free cut ends of sharp edges after cutting.

G. Support exposed pipe in accordance with Specification Section 40 05 13.

H. Where specified in Specification Section 40 05 13 under individual piping 
system, install polyethylene encasement in full compliance to AWWA/ANSI 
C105/A21.5.

1. Encase underground appurtenances required as part of installation.

2. Where tapping polyethylene encased pipe, first wrap location of tap with 
three (3) layers of polyethylene adhesive tape.

a. Make tap through tape.

3. Make sections 2 FT longer than pipe section to be covered.

4. Slip tube over pipe while pipe is suspended immediately before placing in 
trench.

5. After installing in trench, pull tube ends over joint and overlap.

6. Fasten securely in-place on each side of each joint with joint tape or 
strapping.

7. Pull loose tube along pipe barrel up snugly around pipe and fasten in-place 
with joint tape at 3 FT intervals.
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8. Completely cover fittings and connections with film held snugly in-place with 
joint tape or strapping.

I. Install buried piping in accordance with Specification Section 40 05 13.

J. Install restrained joint systems where specified in Specification Section 40 05 
13 under specific piping system.

3.2 FIELD QUALITY CONTROL

A. Test piping systems in accordance with Specification Section 40 05 13.

END OF SECTION
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SECTION 40 20 19

PIPE:  COPPER

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Copper piping, fittings, and appurtenances.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

3. Section 31 21 33 - Trenching, Backfilling, and Compacting for Utilities.

4. Section 40 05 13 - Pipe and Pipe Fittings:  Basic Requirements.

5. Section 40 05 16 - Pipe Support Systems.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. American Society of Mechanical Engineers (ASME):

a. B16.22, Wrought Copper and Bronze Solder - Joint Pressure Fittings.

b. B16.23, Cast Bronze Solder Joint Drainage Fittings - DWV.

c. B16.26, Cast Bronze Alloy Fittings for Flared Copper Tubes.

2. ASTM International (ASTM):

a. B32, Standard Specification for Solder Metal.

b. B42, Standard Specification for Seamless Copper Pipe, Standard Sizes.

c. B88, Standard Specification for Seamless Copper Water Tube.

d. B306, Standard Specification for Copper Drainage Tube (DWV).

3. American Water Works Association (AWWA):

a. C800, Standard for Underground Service Line Valves and Fittings.

4. American Welding Society (AWS):

a. A5.8, Specification for Filler Metals for Brazing and Braze Welding.
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1.4 SUBMITTALS

A. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.

B. Submit certified test results of ASTM B88.

C. See Specification Section 40 05 13.

PART 2 - PRODUCTS

2.1 MATERIALS

A. Copper Tubing:

1. Pressure non-buried:  ASTM B88, Type L hard.

2. Pressure buried:  ASTM B88, Type K.

3. Non-pressure:  ASTM B306.

B. Copper Pipe:  ASTM B42, regular strength.

C. Fittings:

1. Pressure non-buried:  ASME B16.22.

2. Pressure buried:  ASME B16.22 or ASME B16.26.

3. Non-pressure:  ASME B16.23

D. Soldering and Brazing:

1. Non-buried:

a. ASTM B32 solder with a tin/antimony ratio of 95/5 and non-corrosive flux 
up to 180 DegF water temperature.

b. At 180 DegF and above, use brazing alloy with melting temperature 
above 1000 DegF and suitable flux.

2. Buried:  Silver solder per AWS A5.8.

E. See Piping Schedules in Specification Section 40 05 13.

F. Unions:

1. Pipe sizes 2 IN and smaller:  Copper, ground joint.

2. Pipe sizes 2-1/2 IN and larger:  Brass flanged unions.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Comply with Specification Section 40 05 13.

3.2 JOINTS

A. Minimum joint spacing for 3/4-inch and 1-inch tubing shall be 60 feet and for 1 
1/2-inch and 2-inch tubing shall be 40 feet.
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B. Cut copper tubing squarely by using cutting tools designed specifically for 
purpose and avoid procedures that cause pipe to bend or pipe walls to flatten.

C. After tubing has been cut, but before flaring, use reamer to remove inside rolled 
lip from tubing. Expand flared ends by use of flaring tool using care to avoid 
splitting, crimping, or over stressing metal. Provide at least 10 inches of straight 
pipe adjacent to fittings.

D. When compression fittings are used, cut copper tubing squarely prior to 
insertion into fitting. Assemble in accordance with manufacturer's recommended 
procedure.

3.3 BENDS

A. Bend tubing by using appropriate sized bending tool. No kinks, dents, flats, or 
crimps shall be permitted. Cut out and replace damaged section. Install no bends 
with radius smaller than radius of coil of tubing as packaged by manufacturer. 
Copper tubing shipped in straight.

1. For 2-inch diameter: Maximum of one 45-degree bend per 4-foot section.

2. For 1 1/2-inch diameter: Maximum of one 45-degree bend per 3-foot 
section.

3.4 FIELD QUALITY CONTROL

A. Test piping systems in accordance with Specification Section 40 05 13.

B. Utilize only annealed (soft) type tubing where flared joints are used and drawn 
temper (hard) type tubing where soldered or brazed joints are used.

C. Support exposed piping in accordance with Specification Section 40 05 13 and 
Specification Section 40 05 16.

D. Install buried piping in accordance with Specification Section 31 21 33 and 
Specification Section 40 05 13.

END OF SECTION
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SECTION 40 20 23

PIPE:  PLASTIC

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Plastic pipe.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

3. Section 40 05 13 - Pipe and Pipe Fittings:  Basic Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. See Specification Section 40 05 13.

B. Referenced Standards:

1. ASTM International (ASTM):

a. PVC (polyvinyl chloride):

1) D1248, Standard Specification for Polyethylene Plastics Molding 
and Extrusion Materials.

2) D1784, Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) 
Compounds and Chlorinated Poly (Vinyl Chloride) (CPVC) 
Compounds.

3) D1785, Standard Specification for Poly (Vinyl Chloride) PVC Plastic 
Pipe, Schedules 40, 80 and 120.

4) D2241, Standard Specification for Poly (Vinyl Chloride) (PVC) 
Pressure-Rated Pipe (SDR Series).

5) D2321, Standard Practice for Underground Installation of 
Thermoplastic Pipe for Sewers and Other Gravity-Flow 
Applications.
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6) D2467, Standard Specification for Poly (Vinyl Chloride) (PVC) 
Plastic Pipe Fittings, Schedule 80.

7) D3034, Standard Specification for Type PSM Poly (Vinyl Chloride) 
(PVC) Sewer Pipe and Fittings.

8) D3139, Standard Specification for Joints for Plastic Pressure Pipes 
Using Flexible Elastomeric Seals.

9) D3212, Standard Specification for Joints for Drain and Sewer 
Plastic Pipes Using Flexible Elastomeric Seals.

10) F477, Standard Specification for Elastomeric Seals (Gaskets) for 
Joining Plastic Pipe.

11) F593, Standard Specification for Stainless Steel Bolts, Hex Cap 
Screws, and Studs.

12) F679, Standard Specification for Poly (Vinyl Chloride) (PVC) Large-
Diameter Plastic Gravity Sewer Pipe and Fittings.

13) F794, Standard Specification for Poly (Vinyl Chloride) (PVC) Profile 
Gravity Sewer Pipe and Fittings Based on Controlled Inside 
Diameter.

14) F949, Standard Specification for Poly (Vinyl Chloride) (PVC) 
Corrugated Sewer Pipe with a Smooth Interior and Fittings.

2. American Water Works Association (AWWA):

a. PVC (polyvinyl chloride) materials:

1) C900, Standard for Polyvinyl Chloride (PVC) Pressure Pipe and 
Fabricated Fittings, 4 IN Through 12 IN, for Water Distribution.

2) C905, Standard for Polyvinyl Chloride (PVC) Pressure Pipe and 
Fabricated Fittings, 14 IN through 48 IN, for Water Transmission 
and Distribution.

b. Polyethylene (PE) materials:

1) C901, Standard for Polyethylene (PE) Pressure Pipe and Tubing, 
1/2 IN through 3 IN, for Water Service.

c. Installation

1) M23, PVC Pipe – Design and Installation.

3. National Sanitation Foundation International (NSF).

1.4 SUBMITTALS

A. Shop Drawings;

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.

2. See Specification Section 40 05 13.
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3. Submit shop drawings showing design of new pipe and fittings indicating 
alignment and grade, laying dimensions, fabrication, fittings, flanges, and 
special details.

4. Product technical data including:

a. Acknowledgement that products submitted meet requirements of 
standards referenced.

PART 2 - PRODUCTS

2.1 PVC PRESSURE PIPING (EXPOSED)

A. General:

1. Provide Schedule 80 pipe with Schedule 80 fittings and appurtenances to 
locations shown on Drawings.

2. Furnish materials in full compliance to following material specifications:

a. Manufacture pipe, fittings and appurtenances from polyvinyl chloride 
(PVC) compound which meets the requirements of Type 1, Grade 1 
(12454-B) Polyvinyl Chloride as outlined in ASTM D1784.

b. Manufacture pipe, fittings and valves from materials that have been 
tested and approved for conveying potable water by the NSF.

B. Pipe:

1. Furnish pipe meeting requirements of ASTM D1785.

2. Pipe 2 IN and less to be solvent welded.

3. Pipe larger than 2 IN may be either flanged or solvent welded unless shown 
otherwise on Drawings.

C. Fittings:  Provide ASTM D2467 PVC socket type fittings having the same 
pressure and temperature rating as the pipe.

D. Flanges/Unions:

1. Furnish flanges and unions at locations shown on Drawings.

2. Provide either flanges or unions at valves, penetrations through structures 
and equipment connections.

3. For pipe larger than 2 IN, provide 150 LB socket type PVC flange.

4. For pipe 2 IN and less, provide socket type PVC union with Buna O-rings.

5. Use flat, full faced natural rubber gaskets at flanged connections.

a. Furnish heavy hex head bolts, each with one (1) heavy hex nut, ASTM 
F593 Type 316 stainless steel.

6. Use spacers supplied by pipe manufacturer when mating raised-faced 
flanges to other flanges.
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E. Flexible Couplings:

1. Provide flexible couplings at locations shown on the Drawings for pipe 
flexibility and expansion/contraction purposes.

2. Unless otherwise specified provide rubber expansion joints as 
manufactured by General Rubber Corporation, South Hackensack, New 
Jersey.

F. Installation:

1. Field threading PVC will not be permitted.

a. Perform required threaded connections or attachments by the use of 
factory molded socket by threaded adapters.

b. Female adapters are not acceptable.

2. Employ installation and pipe support practices and solvent welding all in 
compliance to the manufacturer's printed recommendation.

a. Continuously support PVC piping at liquid operating temperatures in 
excess of 100 DegF.

b. For vertical piping, band the pipe at intervals to rigidly support load of 
twice vertical load.

c. Support riser clamps on spring hangers.

d. Do not clamp PVC tightly or restrict movement for expansion and 
contraction.

2.2 PRESSURE PIPING (UNDERGROUND)

A. Materials:  Furnish materials in full compliance with following requirements:

1. 1/2-3 IN:  AWWA C901 PE with All Pressure Classes per Table A3, AWWA 
C901.

2. 4-12 IN:  AWWA C900 PVC with All Pressure Classes per Table 2, AWWA 
C900.

3. 14-36 IN:  AWWA C905 PVC.

4. 1/2-12 IN:  ASTM D2241 PVC, Type 1, Grade 1 (12454-B) designated as 
PVC 1120 with pressure rating of 160 - 200 - 250 psi per Table XI, ASTM 
D2241.

5. Joints for polyethylene pipe shall be fusion type in accordance with AWWA 
C901.

6. Joints for PVC pipe shall be the elastomeric-gasket type with a pressure 
rating not less than pipe pressure rating meeting performance requirements 
of ASTM D3139.

B. Installation:

1. Field threading of PVC pipe will not be permitted.
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2. Perform installation procedures, handling, thrust blocking, connections, and 
other appurtenant operations in full compliance to the manufacturer's 
printed recommendations and in full observance to plan details when more 
stringent.

2.3 CPVC PRESSURE PIPE

A. General:

1. Provide Schedule 80 pipe with Schedule 80 fittings and appurtenances to 
locations shown on Drawings.

2. Furnish materials in full compliance to following material specifications:

a. Manufacture pipe, fittings and appurtenances from chlorinated polyvinyl 
chloride (CPVC) compound which meets the requirements of Type IV, 
Grade 1 (23447-B) Chlorinated Polyvinyl Chloride as outlined in ASTM 
D1784.

b. Manufacture pipe, fittings and valves from materials that have been 
tested and approved for conveying potable water by the NSF.

B. Pipe:

1. Furnish pipe meeting requirements of ASTM F441.

2. Pipe 2 IN and less to be solvent welded.

3. Pipe larger than 2 IN may be either flanged or solvent welded unless shown 
otherwise on Drawings.

C. Fittings:  Provide ASTM F439 CPVC socket type fittings having the same 
pressure and temperature rating as the pipe.

D. Flanges/Unions:

1. Furnish flanges and unions at locations shown on Drawings.

2. Provide either flanges or unions at valves, penetrations through structures 
and equipment connections.

3. For pipe larger than 2 IN, provide 150 LB socket type CPVC flange.

4. For pipe 2 IN and less, provide socket type CPVC union with Buna O-rings.

5. Use flat, full faced natural rubber gaskets at flanged connections.

a. Furnish heavy hex head bolts, each with one (1) heavy hex nut, ASTM 
F593 Type 316 stainless steel.

6. Use spacers supplied by pipe manufacturer when mating raised-faced 
flanges to other flanges.

E. Flexible Couplings:

1. Provide flexible couplings at locations shown on the Drawings for pipe 
flexibility and expansion/contraction purposes.
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2. Unless otherwise specified provide rubber expansion joints as 
manufactured by General Rubber Corporation, South Hackensack, New 
Jersey.

F. Installation:

1. Field threading CPVC will not be permitted.

a. Perform required threaded connections or attachments by the use of 
factory molded socket by threaded adapters.

b. Female adapters are not acceptable.

2. Employ installation and pipe support practices and solvent welding all in 
compliance to the manufacturer's printed recommendation.

a. Continuously support CPVC piping at liquid operating temperatures in 
excess of 100 DegF.

b. For vertical piping, band the pipe at intervals to rigidly support load of 
twice vertical load.

c. Support riser clamps on spring hangers.

d. Do not clamp CPVC tightly or restrict movement for expansion and 
contraction.

2.4 PVC DRAINAGE, SEWER PIPING AND UNDERGROUND AIR DUCTS

A. Materials:

1. Furnish materials in full compliance to the following material specification.

2. PVC pipe shall be rigid, unplasticized polyvinyl chloride (PVC) made of PVC 
plastic having a cell classification of 12454-B or 12454-C as described in 
specification ASTM D1784.

3. The requirements of this Specification Section are intended to provide for 
pipe and fittings suitable for non-pressure drainage of wastewater and 
surface water.

4. Joining systems shall consist of an elastomeric gasket joint meeting 
requirements of ASTM D3212.

5. Supply to the Owner’s representative all information and sample of joining 
method for his evaluation.

a. Only jointing methods acceptable to the Owner’s representative will be 
permitted.

6. Provide pipe and fittings meeting or exceeding the following requirements:

a. 4-27 IN DIA:  ASTM D3034 and ASTM F679, SDR 35.

b. 8-30 IN DIA:  ASTM F794.

c. 4-18 IN DIA:  ASTM F949.

7. Ensure impact strengths and pipe stiffnesses in full compliance to this 
Specification Section.
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B. Installation:  Install pipe and fittings in accordance with ASTM D2321 and as 
recommended by the manufacturer.

1. Provide for a maximum deflection of not more than 5 percent.

C. Infiltration and Exfiltration:

1. The maximum allowable infiltration measured by test shall not exceed 100 
GAL per inch of pipe diameter per mile per 24 HRS.

2. For exfiltration, all the pipe and fittings shall exceed performance 
requirements by an air test procedure as specified in Specification Section 
40 05 13.

3. Observe full instructions of the Owner’s representative for carrying of 
testing procedures.

a. Perform tests only during presence of the Owner’s representative.

4. Should any test on any section of pipe line disclose either infiltration rates 
greater than allowed or disclose air loss rate greater than that permitted, 
locate and repair the defective joints or pipes at no cost to Owner and retest 
until requirements stated are met.

D. Deflection:

1. After backfilling, each section of pipe shall be checked for deflection by 
pulling a mandrel through the pipe.

2. Pipe with deflection exceeding 5 percent of the inside diameter shall have 
backfill removed and replaced to provide a deflection of less than 5 percent.

3. Any repaired pipe shall be retested.

2.5 PVC TUBING

A. General:  Provide nylon tubing with fittings and appurtenances as shown on 
Drawings.

B. Materials:

1. Furnish clear outer braided tubing with braid outside the walls.

2. Have tubing manufactured of nylon with working temperatures from 5 to 
180 DegF.

3. Design tubing with a minimum safety factor of 4 to 1 ratio of burst pressure 
to working pressure at maximum temperature.

4. Provide tubing with working pressure of 75 psi at 180 DegF.

5. Ensure that tubing is self-extinguishing and fire resistant.

C. Fittings:

1. Install tubing with nylon fittings and connectors.

2. Use barbed type adapters with stainless steel clamps.
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3. Provide fittings capable of withstanding temperatures from a -70 to 250 
DegF.

4. Ensure fittings have the same pressure and temperature rating as the 
tubing.

PART 3 - EXECUTION

3.1 IDENTIFICATION

A. Identify each length of pipe clearly at intervals of 5 FT or less.

1. Include manufacturer's name and trademark.

2. Nominal size of pipe, appurtenant information regarding polymer cell 
classification and critical identifications regarding performance 
specifications and NSF approvals when applicable.

3.2 PRESSURE PIPING (UNDERGROUND)

A. Installation:

1. Field threading of PVC pipe will not be permitted.

2. Perform installation procedures, handling, thrust blocking, connections, and 
other appurtenant operations in full compliance to the manufacturer's 
printed recommendations and in full observance to plan details when more 
stringent.

3.3 PVC DRAINAGE, SEWER PIPING AND UNDERGROUND AIR DUCTS

A. Installation:  Install pipe and fittings in accordance with ASTM D2321 and as 
recommended by the manufacturer.

1. Provide for a maximum deflection of not more than 5 percent.

B. Infiltration and Exfiltration:

1. The maximum allowable infiltration measured by test shall not exceed 100 
GAL per inch of pipe diameter per mile per 24 HRS.

2. For exfiltration, all the pipe and fittings shall exceed performance 
requirements by an air test procedure as specified in Specification Section 
40 05 13.

3. Observe full instructions of the Owner’s representative for carrying of 
testing procedures.

a. Perform tests only during presence of the Owner’s representative.

4. Should any test on any section of pipe line disclose either infiltration rates 
greater than allowed or disclose air loss rate greater than that permitted, 
locate and repair the defective joints or pipes at no cost to Owner and retest 
until requirements stated are met.
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C. Deflection:

1. After backfilling, each section of pipe shall be checked for deflection by 
pulling a mandrel through the pipe.

2. Pipe with deflection exceeding 5 percent of the inside diameter shall have 
backfill removed and replaced to provide a deflection of less than 5 percent.

3. Any repaired pipe shall be retested.

3.4 PVC TUBING

A. Fittings:

1. Install tubing with nylon fittings and connectors.

2. Use barbed type adapters with stainless steel clamps.

3. Provide fittings capable of withstanding temperatures from a -70 to 250 
DegF.

4. Ensure fittings have the same pressure and temperature rating as the 
tubing.

END OF SECTION



WHCRWA

PIPE: PLASTIC CENTRAL PUMP STATION      

10/18/2018 WHCRWA CENTRAL PUMP STATION  
PIPE:  PLASTIC

40 20 23 - 10 of 10

THIS PAGE INTENTIONALLY LEFT BLANK



WHCRWA

CENTRAL PUMP STATION PIPE:  REINFORCED CONCRETE

WHCRWA CENTRAL PUMP STATION
PIPE:  REINFORCED CONCRETE

40 20 26 - 1 OF 6

SECTION 40 20 26

PIPE:  REINFORCED CONCRETE

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Reinforced concrete pipe (RCP).

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

3. Section 40 05 13 - Pipe and Pipe Fittings:  Basic Requirements.

C. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

D. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.2 QUALITY ASSURANCE

A. Referenced Standards:

1. Reinforced concrete pipe (RCP):

a. ASTM International (ASTM):

1) C76, Standard Specification for Reinforced Concrete Culvert, Storm 
Drain, and Sewer Pipe.

2) C361, Standard Specification for Reinforced Concrete Low-Head 
Pressure Pipe.

3) C443, Standard Specification for Joints for Concrete Pipe and 
Manholes, Using Rubber Gaskets.

4) C497, Standard Test Methods for Concrete Pipe, Manhole Sections, 
or Tile.

5) C655, Standard Specification for Reinforced Concrete D-Load 
Culvert, Storm Drain, and Sewer Pipe.

6) C877, Standard Specification for External Sealing Bands for Concrete 
Pipe, Manholes, and Precast Box Sections.

7) C900, Standard Specification for Joints for Concrete Pipe, Manholes 
and Precast Box Sections using Preformed Flexible Joint Sealants.

8) C1433, Standard Specification for Precast Reinforced Concrete Box 
Sections for Culverts, Storm Drains, and Sewers
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9) C1479, Standard Practice for Installation of Precast Concrete Sewer, 
Storm Drain, and Culvert Pipe Using Standard Installations.

10)C1837, Standard Specification for Production of Dry Cast Concrete 
Used for Manufacturing Pipe, Box, and Precast Structures.

b. American Water Works Association (AWWA):

1) C302, Standard for Reinforced Concrete Pressure Pipe, Noncylinder 
Type.

2) C651, Standard for Disinfecting Water Mains.

2. Installation and testing:

a. American Water Works Association (AWWA):

1) M9, Installation of Concrete Pipe.

B. Conduct testing methods to evaluate physical properties of pipe in full 
compliance with ASTM C497.

1. Report full results test showing compliance with referenced standard.

C. Determine acceptability of RCP in all diameters and classes by appropriate 
ASTM plant tests, including such test to indicate specified design strengths 
have been met prior to shipment.

1. Conduct three-edged bearing test as specified to determine the loading to 
produce a 0.01 IN crack extending 12 IN or more.

a. Complete bearing test prior to shipment date of lot tested.

2. Conduct crushing test, as specified on cured concrete cylinders.

a. Achieve specified 28 day design compressive strength prior to shipment 
date of lot tested.

1.3 SYSTEM DESCRIPTION

A. Provide each pipe, fitting, special appurtenance with a plainly and permanently 
waterproofed, marked identification.

1. Include but not necessarily limit markings to the following:

a. Size and class of pipe, pressure rating in compliance with referenced 
standards.

b. Date of manufacture.

c. Manufacturer's trademark.

d. Manufacturer's name.

e. Full details on fittings and pipe schedule regarding angles of change, 
reduction.

f. Special notations and tagging of special items in regard to line location.
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1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.

2. Product technical data including:

a. Acknowledgement that products submitted meet requirements of 
standards referenced.

b. Manufacturer's installation instructions.

c. Concrete materials:

1) Chemical and physical properties.

2) Mix design.

d. Reinforcement cage and steel cylinders for special designs not utilizing 
table values contained in references standards.

1) Chemical and physical properties.

2) Area of steel.

3) Cage configuration.

e. Joint details.

f. Connection details.

g. Tabulated laying schedule.

1) Reference to project stationary and invert elevations.

2) Identify pressure zones, each of design pressure or transient loading 
zones applicable, and point of change from one (1) zone to another.

3) Pipe diameter.

4) Pipe wall thickness.

h. Test reports:  Include six (6) copies of D (0.01) - Load and Failure Test 
Reports, cylinder compression test results, and joint tests (if required).

i. Alkalinity tests:

1) The alkalinity of the cover concrete shall be determined by the 
manufacturer and verified by an independent testing laboratory at 
intervals determined by Owner’s representative.

2) Two drill hole samples shall be obtained and tested from a single pipe 
section for each day's production for each pipe diameter produced 
during the first week of production.

a) The alkalinity of the test pipe section shall be computed as the 
average of the two (2) drill samples.
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b) After the first week of production, one (1) pipe section shall be 
drilled, sampled, and tested for each pipe diameter produced for 
each week's production.

3) The exact procedure of obtaining samples, analyzing them, and the 
method of calculation of the resultant AZ factor will be submitted to 
the Owner’s representative for approval prior to commencing testing.

j. Pipe lining or coating certification letters.

PART 2 - PRODUCTS

2.1 FABRICATION

A. Provide non-pressure service or gravity drainage piping meeting or exceeding 
ASTM C76, Class as noted in schedule, with varying lengths a minimum of 7 FT 
long.

1. Each lot shall consist of a single diameter and strength designation 
manufactured by essentially the same process.

a. Furnish RCP manufactured with a maximum tricalcium aluminate content 
of 5 to 6 percent and a minimum concrete density of 145 LBS per cubic 
foot.

b. RCP manufactured with lifting holes shall not be furnished for installation 
below established water table.

c. Precast reinforced concrete box sections shall be manufactured in 
accordance with ASTM C1433 where highway loadings are required and 
cover over the pipe is less than 2 FT.

d. For non-pressure service or gravity drainage RCP, provide materials 
acceptable in accordance with ASTM C655.

1) Each lot shall consist of a single diameter and strength designation 
manufactured by essentially the same process.

2. Provide RCP for non-pressure service or gravity drainage with sealed joints 
using continuous rubber gaskets conforming to the requirements of ASTM 
C443 or ASTM C361.

3. Type of joint shall be spigot groove type joint with O-ring gasket (R/C).

a. United States Bureau of Reclamation Type R/4.

b. Ensure that the rubber gasket will perform as the sole element to make 
the joint watertight.

B. Provide steel and ring joint with spigot groove and O-ring gasket designated as 
an R/S joint conforming to requirements of ASTM C361 for all jacked-in-place 
sewer pipe.
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2.2 COATINGS

A. Exterior Pipe Coating.

B. Protective Coatings:  Coat exposed metal surfaces, steel joint rings, flange 
connection outlets, and other metal surfaces with self-curing inorganic zinc 
coating to a finished dry thickness of 2 mils.

PART 3 - EXECUTION

3.1 INSTALLATION

A. See Specification Section 40 05 13.

B. Observe all recommendations in accordance with AWWA M9 for installation, 
delivery, and storage of pipe material.

3.2 CURVES AND FITTINGS

A. Curves:

1. Observe Drawings for details regarding changes in direction.

a. Where changes of direction by curvature is acceptable, perform curve by 
deflecting pipe at each joint within the permissible joint deflection 
allowance recommended by the manufacturer.

2. R = L/2(Tan 1/2 D/N) where R = radius of curvature, feet; L=average laid 
length of pipe sections measured along the centerline, feet; D = total 
deflection angle of curve, degrees; N = number of pipe with pulled joints; 
D/N = total deflection of each pipe, degrees.

a. Check D/N from manufacturer.

3. Employ the use of special radius (beveled or mitered) pipe where deflected 
straight pipe will not provide a short enough change in radius.

B. Fittings:

1. In addition to straight pipe or radius pipe, furnish bends, tees, adapters, 
closure pieces, and other fittings or specials shown on Drawings or required 
to complete the work.

a. Design fittings to provide same strength as the adjacent piping.

2. Fittings to be smooth or mitered providing mitered angles do not exceed 22-
1/2 Degrees and fitting has an R/d greater or equal to 1, where R = radius of 
bend, IN; d = diameter of pipe, IN.

3.3 CONNECTIONS WITH EXISTING WORK

A. See Specification Section 40 05 13.

B. Observe procedures outlined in AWWA C651 for cutting into or repairing 
existing mains.
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3.4 THRUST AND ANCHOR BLOCKING

A. Install cast in place concrete blocking as noted on drawings.

3.5 PRESSURE AND LEAKAGE TEST

A. General:  Subject pipe to the required in-place tests.

B. Exfiltration Test:

1. Before backfilling around RCP, plug lower end of both extremities of pipe 
section subjected to test.

a. Fill piping with water to manhole rim of highest manhole in the section, 
and let water stand until pipe has reached its maximum absorption and 
until trapped air has opportunity to escape.

1) Allow 4 HRS.

b. After pipe has achieved maximum absorption, refill piping with water to 
the minimum head level.

c. After 15 minute intervals, record the difference in elevation of water 
surface and convert to gallons.

d. Achieve maximum exfiltration less than 200 GAL per inch of diameter per 
mile of pipe per 24 HRS.

C. Infiltration Test:

1. Perform and observe following testing criteria and procedures for non-
pressure service or gravity drainage piping for compliance to infiltration 
allowances.

a. Ensure infiltration is less than 200 GAL per inch diameter per mile per 24 
HRS.

END OF SECTION
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SECTION 40 20 45

PIPE:  POLYPROPYLENE

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. All polypropylene piping and fittings as indicated in the Contract 
Documents.

2. Polypropylene piping systems shown and/or scheduled on the 
Drawings.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of 
the Contract.

2. Division 01 - General Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost 
in associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. ASTM International (ASTM):

a. D1599, Standard Test Method for Resistance to Short-Time 
Hydraulic Pressure of Plastic Pipe, Tubing, and Fittings.

b. D1785, Standard Specification for Poly (Vinyl Chloride) (PVC) 
Plastic Pipe, Schedules 40, 80, and 120.

c. D2122, Standard Test Method for Determining Dimensions of 
Thermoplastic Pipe and Fittings.

d. D4101, Standard Specification for Polypropylene Injection and 
Extrusion Materials.

B. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.
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1. Certificates:

a. Provide Owner with a written statement that manufacturer's 
equipment has been installed properly, tested, and is ready for 
operation by Owner's personnel for all polypropylene piping 
systems.

C. Operation and Maintenance Manuals:

1. See Specification Section 01 33 00 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable:

1. P. G. Sloane.

2. G. F. Plastic Piping Systems.

3. Dow Chemical.

B. Submit request for substitution in accordance with Specification Section 01 
25 13.

2.2 EQUIPMENT PERFORMANCE

A. Provide polypropylene pipe having a minimum pressure rating as follows:

1. 1-1/2 IN pipe:  665 psi.

2. 2 IN pipe:  550 psi.

a. Minimum Hydrostatic Burst pressure of Pipe at 23 DegC (73.4 
DegF) when tested in accordance with ASTM D1599.

B. Provide fitting having a minimum burst pressure of 200 psi when tested in 
accordance with ASTM D1599.

C. The compound used in the pipe and fittings shall meet the requirements of 
Type I - 29209 material as described in ASTM D4101.

D. Provide and install polypropylene pipe as scheduled or indicated on 
Drawings to Schedule 40 and 80 iron pipe size dimensional standards, as 
outlined in ASTM D1785 measured in accordance with ASTM D2122.

2.3 EQUIPMENT CONSTRUCTION

A. Materials:

1. Provide fusion type socket joint for connections made below grade or in 
non-accessible areas.
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2. Provide mechanical joints for connections between pipe, fitting and 
fixture traps 2 IN or less in accessible locations.

a. Mechanical joint groove in pipe not to exceed 0.030 IN.

b. Provide mechanical joint containing no metal.

3. Piping and fittings 2 IN or less in exposed or easily accessible locations 
may be joined by mechanical joint system at the Contractor's option.

4. Piping and fittings of entire polypropylene system can be constructed of 
either solid polypropylene or polypropylene lined steel.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Installation:

1. Provide, install and connect polypropylene piping system complete 
where shown on drawings.

B. Inspection:

1. Pipe manufacturer shall inspect installation prior to operation.

END OF SECTION
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SECTION 40 20 50

FABRICATED STEEL SPECIALS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. This section includes materials and fabrication of stainless steel pipe 
specials of sizes 18 through 30 inches, in accordance with AWWA C208 
and C226 and the following options and restrictions, for use in manifold air 
piping facilities

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements. 

3. Section 40 20 76 - Pipe: Stainless Steel

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 SPECIALS

A. A special is defined as any piece of pipe other than a normal full-length straight 
section. This includes but is not limited to elbows, manhole sections, short 
pieces, reducers, adapter sections with special ends, sections with outlets, etc.

1.4 SUBMITTALS

A. Submit shop drawings in accordance with the General Provisions.

B. Submit drawings for fabricated steel specials showing dimensions, wall 
thickness, and reinforcing. Label or number each special and provide the 
following information:

1. Material of construction, with ASTM or API reference and grade.

2. Weld sizes and dimensions of grooved-end collars, flanges, reinforcing 
collars, wrapper plates, and joint restraint devices.

C. Submit affidavit of compliance with referenced standards (e.g., AWWA C208, 
ASTM A312, etc.).

D. Submit welding procedure specifications (WPS) and procedure qualification 
records (PQR) for each welding process and welder qualification records 
(WQR) for each welder and welding operator.
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E. Submit certified original copies of mill test reports on each heat from which steel 
is rolled. Tests shall include physical and chemical properties. Submit certified 
original copies of mill test reports for flanges including details of stress relief 
used. Manufacturer's certificates of compliance with referenced pipe standards, 
e.g., ASTM A312. Provide recertification by an independent domestic testing 
laboratory for materials originating outside of the United States.

F. Submit dimensional check reports on each steel pipe special after fabrication.

G. Submit manufacturer's certificates of welding consumables used for shop and 
field welding.

PART 2 -  MATERIALS

2.1 FITTINGS AND SPECIALS

A. Provide fabricated stainless steel fittings for exposed service.

B. Ends of the fittings shall be compatible with the pipe joint for the particular type 
of pipe to which the steel fittings or specials connect.

2.2 STEEL FITTINGS

A. A fitting is defined as a special piece of pipe other than a normal straight 
section. Elbows, tees, crosses, manhole sections, reducers, and sections with 
outlets are fittings.

B. Unless stated otherwise in the detailed pipe specifications, fittings shall comply 
with ASME B16.9 or AWWA C208 as follows:

1. Specials and wrought steel butt-welded fittings 4 through 10 inches shall 
comply with ASME B16.9. Wall thickness shall be per ASME B36.19. 
Material for stainless steel fittings shall be as specified in Section 40 20 76. 
Elbows shall be of the long-radius type unless otherwise shown in the 
drawings.

2. For tees and crosses, comply with ASME B16.9 or AWWA C208, Figure 1 
and Table 1. Minimum wall thickness for fittings 12 inches and larger shall 
be the same as specified for the pipe cylinder in Section 40 20 76.

3. For reducing tees, laterals, wyes, reducers, and tangent outlets, comply 
with AWWA C208, Section 4. Reducers complying with ASME B16.9 may 
also be used. Minimum wall thickness for fittings 12 inches and larger shall 
be the same as specified for the pipe cylinder in Section 40 20 76.

4. For mitered elbows 30 inches and smaller, provide a minimum radius of 2.5 
times the pipe diameter (2.5D) unless otherwise indicated. Provide the 
number of pieces and wall thicknesses "t" as tabulated below:
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Class A
(degrees)

Class B
(degrees)

No. of
Pieces

0 to 30 0 to 22.5 2

31 to 60 22.5 to 45 3

61 to 90 45 to 67.5 4

67.5 to 90 5

Design Internal Pressure (psi)

Pipe Nominal 
Diameter
(inches) 125 or Less

More Than 125 
but Less Than 
or equal to 200

More Than 200 
but Less Than or 

equal to Pmax

20 and less Class A 
(t = 0.375 in.)

Class A 
(t = 0.375 in.)

Class A
(Pmax = 300 psi)
(t = 0.375 in.)

More than 20 but 
less than or equal 
to 30

Class A 
(t = 0.375 in.)

Class A 
(t = 0.375 in.)

Class B
(Pmax = 300 psi)
(t = 0.375 in.)

More than 30 but 
less than or equal 
to 36

Class A 
(t = 0.375 in.)

Class B 
(t = 0.375 in.)

Class B
(Pmax = 250 psi)
(t = 0.500 in.)

More than 36 but 
less than or equal 
to 42

Class B 
(t = 0.375 in.)

Class B 
(t = 0.50 in.)

---

Calculate the minimum thickness of elbows by the following formula:

PD R – (D/6)
t =

2f
x

R – (D/2)

where:

t = Required elbow thickness (inches)

P = Design pressure (psi) = 29 psi

f = 12,500 psi

D = Outside diameter of elbow (inches)

R = Radius of elbow (inches)

= 2.5 x pipe outside diameter unless otherwise 
indicated
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C. Material for fabricated stainless steel fittings shall be the same as the pipe 
specified in Section 40 20 76.

D. Maximum circumferential stress at the design pressure: 40% of minimum yield 
stress. Minimum wall thickness of steel fittings other than mitered elbows shall 
be the same as the pipe of same size per ASME B36.10.

PART 3 - EXECUTION

3.1 FABRICATION, ASSEMBLY, AND ERECTION OF STAINLESS STEEL 
SPECIALS

A. See Section 40 20 76.

3.2 REINFORCEMENT FOR FITTINGS 30 INCHES AND SMALLER

A. The requirement for additional reinforcement of fabricated fittings at branches 
and openings shall be determined by the procedure given in ASME B31.3, 
paragraph 304.3 and Appendix H. If additional reinforcement is required, it shall 
be accomplished as described below.

B. Select the type of reinforcement for fittings with outlets from the following table:

ID outlet
R =

ID main run x sinB

where B = Angle between the longitudinal axis of the main 
run and the branch

R Type of Reinforcement

Maximum of 0.5 Collar

Maximum of 0.7 Wrapper Plate

No limit Crotch Plate

When outlets are located opposite each other in a special (i.e., a cross), the 
limiting values of "R" shall be 0.25 and 0.35, respectively.

3.3 COLLAR REINFORCEMENT

A. For collar reinforcement, select an effective shoulder width "W" of a collar from 
the inside surface of the steel outlet to the outside edge of the collar, measured 
on the surface of the cylinder of the main run, such that:

ID outlet
W =(1/3 to 1/2) x

sinB
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B. For collar reinforcement of tangential outlets, use

runmainOD

outletOD
SinB 

C. The minimum thickness "T" of the collar is determined by:

P x ID main run x ID outlet x (2 - sinB)
T =

4 x F x W x sinB

where:

P = Design pressure
F = Allowable design stress

= 40% of minimum yield stress
B = As in Part 2 above.

D. Collars may be oval in shape or rectangular with rounded corners.

3.4 WRAPPER PLATE REINFORCEMENT

A. For a wrapper plate, use the above collar formula except that the wrapper is of 
thickness "T," its total width is (2W + ID outlet/sinB), and it extends entirely 
around the main pipe diameter portion of the steel fitting.

3.5 CROTCH PLATE REINFORCEMENT

A. Base crotch plate design on Swanson, H.S. et al., Design of Wye Branches for 
Steel Pipes, summarized in AWWA M11 (2004 edition), Chapter 13.

3.6 SHOP TESTING OF FABRICATED SPECIALS

A. See Section 40 20 76.

END OF SECTION
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SECTION 40 20 60

POLYETHYLENE WRAP

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. This section includes specifications for materials and installation of 
polyethylene encasement for pipe, valves, fittings, and other appurtenances 
in ductile or cast iron systems.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements 

3. Section 40 05 23 – Valves: Basic Requirements.

4. Section 40 20 16 – Pipe: Ductile.

5. Section 40 50 35 – Miscellaneous Valves.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. ASTM International (ASTM):

a. D149, Standard Test Method for Dielectric Breakdown Voltage and 
Dielectric Strength of Solid Electrical Insulating Materials at Commercial 
Power Frequencies.

b. D882, Standard Test Method for Tensile Properties of Thin Plastic 
Sheeting.

c. D1709, Standard Test Methods for Impact Resistance of Plastic Film by 
the Free-Falling Dart Method.

d. D1922, Standard Test Method for Propagation Tear Resistance of 
Plastic Film and Thin Sheeting by Pendulum Method.

e. D4976, Standard Specification for Polyethylene Plastics Molding and 
Extrusion Materials.
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2. American Water Works Association (AWWA):

a. C600, Installation of Ductile-Iron Water Mains and Their 
Appurtenances.

3. American Water Works Association/American National Standards Institute 
(AWWA/ANSI)):

a. C105/A21.5, Polyethylene Encasement for Ductile-Iron Pipe Systems

1.4 SUBMITTALS

A. Submit shop drawings in accordance with the General Provisions.

B. Submit product data for proposed film and tape for approval.

C. Submit quality assurance plan for field application.

D. Submit polyethylene film manufacturer’s certification of compliance with this 
Section.

PART 2 -  MATERIALS

A. Polyethylene Film:

1. Tubular or sheet form without tears, breaks, holidays, or defects; 
conforming to the requirements of AWWA C 105, for linear, low density 
polyethylene film.

2. Linear Low Density, Polyethylene:  Low-density, Linear polyethylene 
material conforming to the following:

a. Raw Material.  Raw materials to meet the requirements of ASTM 
D4976:

1) Group:  2 (Linear)

2) Low-density:  0.910 to 0.935 g/cm3

3) Dielectric Strength:  Volume resistivity, 1015 ohm-cm, minimum

b. Physical Properties:  Physical properties to be as follows:

1) Tensile Strength:  3,600 psi for an 8 mil minimum thickness, 
minimum in machine and transverse direction (ASTM D 882)

2) Elongation:  700 percent, minimum in machine and transverse 
direction (ASTM D 882)

3) Dielectric Strength:  800 volts/mil thickness, minimum 
(ASTM D 149)

4) Impact Resistance:  600 g, minimum (ASTM D 1709Method B)

5) Propagation Tear Resistance:  2550 gf, minimum in machine and 
transverse direction (ASTM D1922)

c. Thickness:  Linear, low density polyethylene film shall have a minimum 
thickness of 8 MILS.
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d. Color:  Supply white polyethylene film with a minimum 2 percent 
hindered-amine ultraviolet inhibitor.

3. Polyethylene Tube and Sheet Size:  For push-on joint pipe, polyethylene 
tube and sheet sizes to conform to the following:

Minimum Polyethylene Width (Inches)Nominal Pipe Diameter 
(Inches) Flat Tube Sheet

3 14 28

4 14 28

6 16 32

8 20 40

10 24 48

12 27 54

14 30 60

16 34 68

18 37 74

20 41 82

24 54 108

30 67 134

36 81 162

42 81 162

48 95 190

54 108 216

60 108 216

64 121 242

4. Large Bell Circumferences:  Where bell ends of the pipe are larger than the 
sheet sizes listed above, use sufficiently large tubes or sheets to cover the 
joints.  Submit sheet dimensions to Engineer for approval prior to 
application.

5. Marking:  The polyethylene film shall be clearly marked every 2 feet with the 
following information:

a. Manufacturer’s name or trademark

b. Year of manufacture

c. ANSI/AWWA C105/A21.5

d. Minimum film thickness and material type (LLDPE)
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e. Applicable range of nominal pipe diameter size(s)

f. Warning – Corrosion Protection – Repair Any Damage

6. Letters and numerals used for marking items “a” through “e” shall not be 
less than 1 inch in height and item “f” shall not be less than 1½ inches in 
height.

B. Polyethylene Tape:  Provide 3-inch wide, plastic-backed, adhesive tape; 
Paleocene No. 900, Scotchwrap No. 50, or approved equal.

PART 3 - EXECUTION

3.1 PREPARATION

A. Remove lumps of clay, mud, and cinders from pipe surface prior to installation 
of polyethylene encasement.  Prevent soil or embedment material from 
becoming trapped between pipe and polyethylene.

B. Fit polyethylene film to contour of pipe to effect a snug, but not tight fit; encase 
with minimum space between polyethylene and pipe.  Allow sufficient slack in 
contouring to prevent stretching polyethylene where it bridges irregular 
surfaces, such as bell-spigot interfaces, bolted joints, or fittings, and to prevent 
damage to polyethylene due to backfilling operations.  Secure overlaps and 
ends with adhesive tape to hold polyethylene encasement in place until 
backfilling operations are complete.

C. For installations below water table or in areas subject to tidal actions, seal both 
ends of polyethylene tube with adhesive tape at joint overlap.  Circumferentially 
wrap with tape, every 2 feet along the barrel.  Seals shall be confirmed by 
Project Manager or Inspector before backfill.

3.2 ERECTION/INSTALLATION APPLICATION AND/OR CONSTRUCTION

A. Tubular Type (Method A):

1. Cut polyethylene tube to a length approximately 2 feet longer than pipe 
section.  Slip tube around pipe, centering tube to provide 1-foot overlap on 
each adjacent pipe section.  Bunch accordion-fashion lengthwise until it 
clears pipe ends.

2. Lower pipe into trench and make up pipe joint with preceding section of 
pipe.  Make shallow bell hole at joints to facilitate installation of polyethylene 
tube.

3. After assembling pipe joint, make overlap of polyethylene tube.  Pull 
bunched polyethylene from preceding length of pipe, slip it over end of 
adjoining length of pipe, and secure in place.  Then slip end of polyethylene 
from adjoining pipe section over end of first wrap until it overlaps joint at 
end of preceding length of pipe.  Secure overlap in place.  Take up slack 
width at top of pipe to make a snug, but not tight, fit along barrel of pipe, 
securing fold at quarter points.
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4. Repair cuts, tears, punctures, or other damage to polyethylene.  Proceed 
with installation of next section of pipe in same manner.  Any tears, 
punctures, or other damage shall be repaired at no cost to Owner.

B. Tubular Type (Method B):

1. Cut polyethylene tube to a length approximately 1 foot shorter than pipe 
section.  Slip tube around pipe, centering it to provide 6 inches of bare pipe 
at each end.  Take up slack width at top of pipe to make a snug, but not 
tight, fit along barrel of pipe, securing fold at quarter points; secure ends.

2. Before making up joint, slip 3-foot length of polyethylene tube over end of 
preceding pipe section, bunching in accordion-fashion lengthwise.  After 
completing joint, pull 3-foot length of polyethylene over joint, overlapping 
polyethylene previously placed on each adjacent section of pipe by at least 
1 foot; make each end snug and secure.

3. Repair cuts, tears, punctures, or other damage to polyethylene.  Proceed 
with installation of next section of pipe in same manner.  Any tears, 
punctures, or other damage shall be repaired at no cost to Owner.

C. Sheet Type (Method C):

1. Cut polyethylene sheet to a length approximately 2 feet longer than pipe 
section.  Center length to provide 1-foot overlap on each adjacent pipe 
section, bunching sheet until it clears pipe ends.  Wrap polyethylene around 
pipe so that sheet circumferentially overlaps top quadrant of pipe.  Secure 
cut edge of polyethylene sheet at intervals of approximately 3 feet.

2. Lower wrapped pipe into trench and make up pipe joint with preceding 
section of pipe.  Make shallow bell hole at joints to facilitate installation of 
polyethylene.  After completing joint, make overlap and secure ends.

3. Repair cuts, tears, punctures, or other damage to polyethylene.  Proceed 
with installation of next section of pipe in same manner.  Any tears, 
punctures, or other damage shall be repaired at no cost to Owner.

D. Pipe-shaped Appurtenances:  Cover bends, reducers, offsets, and other pipe-
shaped appurtenances with polyethylene in same manner as pipe.

E. Odd-shaped Appurtenances:  When it is not practical to wrap valves, tees, 
crosses, and other odd-shaped pieces in tube, wrap with flat sheet or split 
length of polyethylene tube by passing sheet around appurtenance and 
encasing it.  Make seams by bringing edges together, folding over twice, and 
taping down.  Tape polyethylene securely in place at valve stem and other 
penetrations.
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F. Openings in Encasement:  Create openings for branches, service taps, 
blowoffs, air valves, and similar appurtenances by making an X-shaped cut in 
polyethylene and temporarily folding back film.  After appurtenance is installed, 
tape slack securely to appurtenance and repair cut, as well as other damaged 
area in polyethylene, with tape.  Service taps may also be made directly 
through polyethylene, with any resulting damaged areas being repaired as 
specified.

G. Junctions between Wrapped and Unwrapped Pipe:  Where polyethylene-
wrapped pipe joins an adjacent pipe that is not wrapped, extend polyethylene 
wrap to cover adjacent pipe for distance of at least 3 feet.  Secure end with 
circumferential turns of tape.  Wrap service lines of dissimilar metals with 
polyethylene or suitable dielectric tape for minimum clear distance of 3 feet 
away from cast or ductile iron pipe.

H. Backfill: Use the same backfill material as that specified for pipe without 
polyethylene wrap.  Prevent damage to the polyethylene wrap when placing 
backfill.  Assure backfill material is free from cinders, refuse, boulders, rocks, 
stones, or other material that could damage the polyethylene.  Follow AWWA 
C600for backfilling.

3.3 REPAIR/RESTORATION

A. Repair any cuts, tears, punctures, or damage to polyethylene with adhesive 
tape or with short length of polyethylene sheet or cut open tube, wrapped 
around pipe to cover damaged area, and secured in place.  Any tears, 
punctures, or other damage shall be repaired at no cost to Owner.

3.4 FIELD QUALITY CONTROL

A. Freedom from Defects:  All polyethylene film shall be clean, sound and free 
from defects.  Defects shall be corrected by the Contractor at no expense to the 
Owner.

B. Inspection:  All parts of this Section are subject to inspection by the Owner or 
its designated representative.

C. Non-Compliance:  The CONTRACTOR shall correct any deficiencies in 
materials or installation at his expense, including excavating the pipe 
subsequent to backfilling and reinstalling the polyethylene wrap.

END OF SECTION
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SECTION 40 20 76 

PIPE: STAINLESS STEEL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. This section includes materials and installation of stainless steel pipe 
and fittings 30 inches in diameter and smaller conforming to ASTM 
A312 and having a maximum design pressure of 150 psi 

B. Related Specification Sections include but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions 
of the Contract. 

2. Division 01 - General Requirements.  

3. Section 40 20 50 - Fabricated Steel Special. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the 
cost in associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 SUBMITTALS 

A. Submit shop drawings in accordance with the General Provisions. 

PART 2 - PART 2 - MATERIALS 

2.1 PIPE 

A. Pipe sizes and wall thicknesses shall conform to ASTM A312, Grade 
TP316L (UNS designation S31603.): 

Wall Thickness 

Schedule 80S 

Schedule 80S 40S 

Schedule 10S 40S 

Schedule 5S 10S 

Schedule 10S 

0.25 0.375 inch 
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2.2 FITTINGS 

A. Fittings for aboveground or exposed pipe 18 inches through 24 inches 
shall be conformed to ASTM A403, Class WP same material and wall 
thickness as the pipe, conforming to ASME B16.9. Elbows shall be long 
radius.  Alternatively, fittings shall be fabricated in accordance with 
Section 40 20 50. 

B. Fittings for pipe larger than 24 inches shall conform to ASME B16.9 or 
shall be fabricated per Section 40 20 50. Material shall be the same as 
the pipe. 

2.3 PICKLING, PASSIVATING, AND FINAL CLEANING 

A. Pipe and fittings shall be final cleaned, pickled, and passivated per 
ASTM A380. Passivation shall be the removal of exogenous (not 
inherent in the base metal) iron or iron compounds from the surface of 
the stainless steel by means of a chemical dissolution, by a treatment 
with an acid solution that will completely remove the surface 
contamination but will not significantly affect the stainless steel itself. 
After final cleaning, wet surfaces with water and inspect for rust spots 
after 24 hours. Reclean if there is any evidence of rusting. 

2.4 QUALITY CONTROL 

A. Include the "Hydrostatic Test" and "Flattening Test" requirements 
described in ASTM A999. A nondestructive electric test per ASTM A999 
may be substituted for the hydrostatic test. 

2.5 EXTERIOR AESTHETIC FINISH 

A. Exterior finish for piping shall be equivalent to a No. 2B per ASTM A480. 
As an alternative, provide a bright electropolished finish per ASTM B912. 
The electropolished surface shall pass the test for visual defects per 
ASTM B912, paragraph 5.1. 

2.6 JOINTS 

A. Joints for aboveground or exposed pipe shall be Depend-O-Lok FxE; 
stainless steel restraint rings shall be furnished by the coupling 
manufacturer and be welded to the pipe in the fabricator’s shop material 
shall match that specified for the pipe. 

2.7 THREAD LUBRICANT 

A. Use Teflon thread lubricating compound or Teflon tape. 

2.8 PROTECTIVE END CAPS 

A. Provide protective end caps on each piece of pipe or fabricated section, 
completely sealing the piece from contamination during shipment and 
storage. Provide the same type of seals on each fitting, or ship and store 
fittings in sealed boxes or containers. 
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2.9 OXYGEN INDICATOR FOR WELDING OPERATIONS 

A. Use an oxygen indicator to determine the oxygen level in the purged 
atmosphere (rest oxygen) in the welding area. The oxygen indicator shall 
be of the zirconium cell type having a range of 1- to 100-ppm oxygen. 
Products: Intercon Enterprises Pro-2 or equal. 

PART 3 - EXECUTION 

3.1 SHIPPING, STORAGE, AND HANDLING 

A. Ship, store, and handle piping (including both pipe and fittings) per 
AWWA C220, Section 6.2 and AWWA C226, Section 6.3 and the 
following. 

B. When loading piping for shipment to the project site, use spacers and 
other protective devices to separate pipes to prevent damaging the 
surfaces during transit and unloading. If wood spacers are used, remove 
wood splinters and particles from the pipe surfaces after separation. Use 
padded chains or ribbon binders to secure the loaded pipe and minimize 
damage. 

C. Cover piping 100% with protective coverings or tarpaulins to prevent 
deposition of road salts, fuel residue, and other contaminants in transit. 

D. Provide stulls, braces, and supports during shipping and storage such 
that out-of-roundness or deflection does not exceed 0.5% of the pipe 
diameter. 

E. Handle piping with care during unloading, installation, and erection 
operations to minimize damage. Do not place or store pipe on the ground 
or on top of other work unless ground or work is covered with a 
protective covering or tarpaulin. Place pipe above the ground upon 
platforms, skids, or other supports. 

F. Store piping at the site on pallets to prevent direct contact with ground or 
floor. Cover pipe during storage with protective coverings or tarpaulins to 
prevent deposition of rainwater, salt air, dirt, dust, and other 
contaminants. 

G. Do not allow piping to contact carbon steel surfaces during storage, 
handling, or installation and erection at the site. 
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3.2 FABRICATION, ASSEMBLY, AND ERECTION 

A. Use an inert or shielding gas welding method. Do not use oxygen fuel 
welding. Purge the interior of the pipe with inert gas prior to the root 
pass. The oxygen content in the purged atmosphere in the welded area 
shall not exceed 30 ppm during welding operations. Use an oxygen 
indicator to verify oxygen levels during welding. Provide written 
documentation of the welding procedure before and during the oxygen 
purging process, showing the oxygen levels attained during the purging 
and welding operations. 

B. Welded joints (both longitudinal and circumferential) shall comply with 
AWWA C220 and AWWA C226, Section 4. Do not use backing rings. 
Provide full penetration and smooth internal diameters for the root bead 
of welds. Welds shall be of smooth finish. Use anti-spatter compounds 
specifically formulated or designed for use with stainless steel. Do not 
allow heat tint to form in the heat-affected zone or remove heat tint 
completely from the heat-affected zone of the finished weld. The 
maximum depth of grinding or abrasive blasting to remove defects shall 
not exceed 10% of the wall thickness. Do not perform abrasive blasting 
with steel shot, grit, or sand. 

C. No iron or steel surfaces shall come into contact with the stainless steel. 
This includes placing on steel tables, racks, pipe supports, etc. Do not 
use carbon steel wire brushes or grinders. 

D. Welding electrodes shall comply with AWS A5.4. Bare wire shall comply 
with AWS A5.9. Use electrodes as follows: 

 
Pipe Material Welding Electrode Material 

Type 304 E 308 

Type 304L E 347 

Type 316 E 316 

Type 316L E 318 

END OF SECTION 
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SECTION 40 41 13 

HEAT TRACING CABLE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Heat tracing cable as required for heat tracing of pipes as indicated on the 
Drawings. 

2. For the exposed water systems less than 3-in diameter, provide heat 
tracing sufficient to keep piping above 32 DegF for the lengths shown on 
the Drawings. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 26 05 00 - Electrical:  Basic Requirements. 

4. Division 40 - Process Integration. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data: 

a. Power requirements for each circuit based upon actual length of heat 
trace and maintained temperature. 
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b. Circuit breaker rating based upon inrush current at minimum expected 
start-up temperature. 

c. Length of heat tape for each pipe size and run. 

d. Coordinate and verify length and Watts/FT of heat tape required based 
upon pipe size and insulation thickness. 

1) Include the calculations to support the heat tape output. 

e. See Specification Section 26 05 00 for additional requirements. 

3. Fabrication and/or layout drawings: 

a. Wiring diagrams showing physical locations of thermostats and heat 
trace power supply. 

B. Miscellaneous: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Test reports:  Megger test results. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Store cable such that it is not exposed to sunlight or other UV rays. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
Manufacturers are acceptable: 

1. Thermon. 

2. Chemelex Division; Raychem Corp. 

3. Chromalox. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 HEAT TRACING 

A. Design Parameters: 

1. Pipe diameter, length and material:  See Drawings and Division 40 
Specification Sections. 

2. Flange, valve, pipe support size:  See Drawings and Division 40 
Specification Sections. 

3. Pipe insulation type and thickness:  See Drawings and Division 40 
Specification Sections. 

4. Temperatures requirements: 
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a. Low ambient temperature for the specific location:  0 DegF. 

b. Start-up temperature (alarm thermostat set point): 

1) Water/wastewater lines:  40 DegF. 

2) Caustic feed lines:  80 DegF. 

c. Maintain temperature (power thermostat set point): 

1) Water/wastewater lines:  40 DegF. 

2) Caustic feed lines:  80 DegF. 

d. High temperature exposure with power off:  185 DegF. 

5. Wind factor for the specific location:  10 MPH. 

6. Electrical requirements: 

a. Voltage:  120 V. 

b. Circuit breaker:  Field coordinates if other than 20A GFEPCI type. 

7. Safety factor:  10 percent. 

B. Self-regulating or power-limiting parallel circuit construction consisting of an 
inner core of conductive material between parallel copper bus wires, with 
inverse temperature - conductivity characteristics with metal overbraid. 

C. Thermostats adjustable between 35 and 200 DegF minimum with maximum 
differential range of 9 DegF, furnished complete with NEMA 4 enclosures in all 
areas, stainless steel temperature bulb and capillary. 

D. All necessary or required components and accessories, such as power 
connection boxes, end seals, straps, tape and fitting brackets. 

E. In non-corrosive and non-hazardous locations, insulation shall be Polyolefin. 

F. In corrosive, hazardous and hydrocarbon locations insulation shall be 
Fluoropolymer (Teflon). 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Install materials after piping has been tested and approved. 

3.2 INSTALLATION 

A. Insulate and heat trace wet pipe systems as indicated on Drawings. 

B. Install materials in accordance with manufacturer's instructions. 

1. Each circuit shall not exceed the manufacturer's recommended maximum 
length. 

C. For metallic piping: 

1. Heat tracing shall be installed completely wired. 
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2. Cut heat trace to lengths as required and secure to pipe with glass or 
polyester fiber tape. 

D. For non-metallic piping: 

1. Allow for extra heat trace output because non-metallic pipe has a lower 
heat transfer. 

a. Heat tracing shall be installed completely wired. 

2. Cut heat trace to lengths as required and secure to pipe with aluminum tape 
through out the length of the trace. 

E. Protection and Control Requirements: 

1. Protection by a GFEPCI circuit breaker. 

a. Breaker amperage rating shall be coordinated with Contractor when 
different than the Contract Drawings. 

2. Provide two (2) line sensing thermostats, one (1) for power and one (1) for 
alarm. 

3. The alarm thermostat shall be placed on the opposite end of the circuit from 
the power thermostat or power connection to allow for annunciation of 
partial failure of a circuit or the loss of power from a tripped GFEPCI circuit 
breaker. 

4. Provide a monitoring module that monitors the voltage (circuit breaker 
status) to each circuit. 

5. The alarm from the alarm thermostat and monitor module shall be 
annunciated on the indicated control system. 

3.3 TESTING 

A. Megger the cables at the manufacturer’s recommended voltage level three (3) 
times. 

1. Before installation. 

2. After attachment to pipe, but before insulation is installed. 

3. After pipe insulation is installed, but before energization. 

END OF SECTION 
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SECTION 40 42 00 

PIPE, DUCT AND EQUIPMENT INSULATION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Insulation: 

a. Piping insulation. 

b. Duct insulation. 

c. Equipment insulation. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 40 05 13 - Pipe and Fittings Basic Requirements 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. ASTM International (ASTM): 

a. C177, Standard Test Method for Steady-State Heat Flux Measurements 
and Thermal Transmission Properties by Means of Guarded-Hot-Plate 
Apparatus. 

b. C411, Standard Test Method for Hot-Surface Performance of High-
Temperature Thermal Insulation. 

c. C423, Standard Test Method for Sound Absorption and Sound 
Absorption Coefficients by the Reverberation Room Method. 

d. C518, Standard Test Method for Steady-State Thermal Transmission 
Properties by Means of the Heat Flow Meter Apparatus. 

e. C553, Standard Specification for Mineral Fiber Blanket Thermal 
Insulation for Commercial and Industrial Applications. 
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f. C665, Standard Specification for Mineral-Fiber Blanket Thermal 
Insulation for Light Frame Construction and Manufactured Housing. 

g. C1071, Standard Specification for Fibrous Glass Duct Lining Insulation 
(Thermal and Sound Absorbing Material). 

h. D1056, Standard Specification for Flexible Cellular Materials-Sponge or 
Expanded Rubber. 

i. E84, Standard Test Method for Surface Burning Characteristics of 
Building Materials. 

j. E96, Standard Test Methods for Water Vapor Transmission of 
Materials. 

k. F25, Standard Test Method for Sizing and Counting Airborne 
Particulate Contamination in Cleanrooms and Other Dust-Controlled 
Areas. 

2. National Fire Protection Association (NFPA): 

a. 255, Standard Method of Test of Surface Burning Characteristics of 
Building Materials. 

3. Underwriters Laboratories, Inc. (UL): 

a. 723, Standard for Test for Surface Burning Characteristics of Building 
Materials. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

c. Submit complete specification of insulation materials, adhesives, 
cement, together with manufacturer's recommended methods of 
application and coverage for coatings and adhesives. 

3. Submit itemized schedule by building of proposed insulation systems 
showing density, thermal conductivity, thickness, adhesive, jackets and 
vapor barriers. 

4. Certifications:  Products will meet the requirements of the Contract 
Documents. 
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PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Elastomeric insulation: 

a. Rubatex. 

b. Armstrong. 

2. Fiberglass insulation: 

a. Certainteed Corporation. 

b. Schuller (Manville). 

c. Owens Corning. 

d. Knauf. 

3. PVC jacket: 

a. Ceel-Co. 

b. PIC Plastics. 

4. Equipment insulation: 

a. Certainteed Corporation. 

b. Schuller (Manville). 

c. Owens Corning. 

5. Ductwork insulation: 

a. Certainteed. 

b. Schuller (Manville). 

c. Owens Corning. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 PIPING INSULATION - ELASTOMERIC 

A. General: 

1. Insulation fire and smoke hazard ratings for composite (insulation, jacket or 
facing, and adhesive used to adhere the facing or jacket to the insulation), 
as tested by procedure ASTM E84, NFPA 255 and UL 723, not exceeding: 

a. Flame spread:  25. 

b. Smoke developed:  100. 

2. Accessories (adhesives, mastics, cements, and tapes:  Same component 
ratings as listed above. 

3. Indicate on product labels or their shipping cartons:  Flame and smoke 
ratings do not exceed above requirements. 
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4. Permanent treatment of jackets or facings to impart flame and smoke safety 
is required. 

a. Water-soluble treatments are prohibited. 

5. Insulated shields at pipe support points. 

B. Pipe, Fitting, and Valve Insulation: 

1. Flexible elastomeric closed cell pipe insulation. 

a. Average thermal conductivity not to exceed 0.27 (Btu-IN)/(HR-FT2-
DegF) at mean temperature of 75 DegF, temperature range -40 to 220 
DegF; permeability not to exceed 0.20 by ASTM E96; water absorption 
3 percent by ASTM D1056 and ozone resistance. 

2. Provide minimum insulation thickness conforming to schedules or as shown 
on the Drawings. 

2.3 PIPING INSULATION - FIBERGLASS 

A. Pipe and Fitting Insulation: 

1. Preformed fiberglass pipe insulation: 

a. Density:  4 LBS/CF. 

b. Temperature rated:  650 DegF. 

c. Average thermal conductivity not to exceed 0.22 (Btu-IN)/(HR-FT2-
DegF) at mean temperature of 75 DegF. 

d. Fire hazard rating: 

1) UL 723, ASTM E84, NFPA 255. 

2) Flame spread not exceeding 25 and smoke developed not 
exceeding 100. 

2. Moisture adsorption: 

a. ASTM C553. 

b. Not greater than 0.5 percent moisture by volume when exposed to 
moisture laden air at 120 DegF and 96 percent RH. 

3. Fungi and bacteria resistance: 

a. ASTM C665. 

b. Does not breed or promote growth. 

c. Flame attenuated glass fibers bonded with thermosetting resin. 

4. Piping jackets (general applications): 

a. Aluminum:  16 mil embossed aluminum. 

b. PVC:  Preformed 0.028 IN thick PVC jackets fabricated from B.F. 
Goodrich PVC sheeting V-66 with proven resistance to ultraviolet 
degradation when temperatures do not exceed the limits of PVC. 

c. Piping jacket not required on concealed piping. 



WHCRWA PIPE, DUCT AND 

CENTRAL PUMP STATION EQUIPMENT INSULATION 
 

WHCRWA CENTRAL PUMP STATION 
PIPE, DUCT AND EQUIPMENT INSULATION 

40 42 00 - 5 OF 12 

5. Provide minimum insulation thickness conforming to schedules or as shown 
on the Drawings. 

2.4 EQUIPMENT INSULATION 

A. Insulation for Equipment: 

1. Fire hazard classification: 

a. UL 723, ASTM E84, NFPA 255. 

b. Flame spread not exceeding 25 and smoke developed not exceeding 
100. 

2. Provide minimum insulation thickness conforming to Schedules, or as 
shown on Drawings. 

2.5 DUCTWORK INSULATION:  FIBERGLASS 

A. Flexible Insulation: 

1. Scheduled thickness:  Schuller (Manville) Microlite. 

2. Factory-applied foil scrim vapor barrier facing. 

3. Average thermal conductivity not to exceed 0.27 (Btu-IN)/(HR-FT2-DegF) at 
a mean temperature of 75 DegF (installed). 

4. Minimum density:  0.75 LB/CF. 

5. Fire hazard classification: 

a. UL 723, ASTM E84, NFPA 255. 

b. Flame spread not exceeding 25 and smoke developed not exceeding 
100. 

B. Semi-Rigid Insulation for Indoor Installation: 

1. Scheduled thickness Schuller (Manville) #814 SPIN-GLASS fiberglass duct 
insulation. 

2. Factory applied vapor barrier facing-white scrim foil. 

3. Average thermal conductivity not to exceed 0.23 (Btu-IN)/(HR-FT2-DegF) at 
a mean temperature of 75 DegF. 

4. Minimum density:  3.0 LB/CF. 

5. Moisture adsorption: 

a. ASTM C553. 

b. Not greater than 0.5 percent moisture by volume when exposed to 
moisture laden air at 120 DegF and 96 percent RH. 

C. Semi-Rigid Insulation for Outdoor Installation: 

1. Outside ducts:  Surface with scheduled thickness of Schuller (Manville) 800 
Series SPIN-GLASS #815 fiberglass duct insulation. 
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2. Factory-applied foil scrim vapor barrier facing. 

3. Average thermal conductivity not to exceed 0.23 (Btu-IN)/(HR-FT2-DegF) at 
mean temperature of 75 DegF. 

4. Minimum density:  3 LBS/CF. 

5. Finish with Benjamin Foster #4610 weatherproof mastic with white glass 
fabric membrane. 

6. Fungi and bacteria resistance: 

a. ASTM C665. 

b. Does not breed or promote growth. 

D. Provide minimum insulation thickness conforming to Schedule, or as shown on 
Drawings. 

E. Duct Interior Lining Board: 

1. Acoustical performance:  Minimum noise reduction coefficients (NRC) is 
0.45 when tested in accordance with ASTM C423 on ASTM F25 mounting. 

2. Fire hazard classification: 

a. UL 723, ASTM E84, NFPA 255. 

b. Flame spread not exceeding 25 and smoke developed not exceeding 
100. 

3. Service temperature: 

a. ASTM C411. 

b. Cooling and heating ducts up to 200 DegF. 

4. Velocity rating: 

a. ASTM C1071. 

b. Maximum average air velocity is rated at 600 fpm. 

5. Moisture adsorption: 

a. ASTM C553. 

b. Not greater than 0.5 percent moisture by volume when exposed to 
moisture laden air at 120 DegF and 96 percent RH. 

6. Fungi and bacteria resistance: 

a. ASTM C665. 

b. Does not breed or promote growth. 

7. Size and performance: 

a. ASTM C518 and ASTM C177. 

b. 1 IN thickness, long textiled glass-type fibers firmly bonded by 
thermosetting resin. 

c. At 75 DegF mean temperature, the k value, expressed as (Btu-IN)/(HR-
FT2-DegF) does not exceed 0.27. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. General: 

1. Consider ductwork, piping and equipment as exposed, except as otherwise 
indicated. 

2. Consider ductwork, piping and equipment in walls, partitions, floors, pipe 
chases, pipe shafts and duct shafts as concealed. 

a. Consider ductwork, piping and equipment above ceilings as concealed. 

3. Provide release for insulation application after installation and testing is 
complete. 

a. Apply insulation on clean, dry surfaces after inspection. 

4. Provide insulation continuous through wall, roof and ceiling openings, pipe 
hangers, supports and sleeves. 

5. Provide insulation with vapor barrier for piping, ductwork and equipment 
where surfaces may be cooler than surrounding air temperatures. 

a. Provide vapor barrier (0.17 perm-IN; ASTM C553) continuous and 
unbroken. 

b. Hangers, supports, anchors, and related items that are secured directly 
to cold surfaces must be adequately insulated and vapor-sealed to 
prevent condensation. 

6. Apply specified adhesives, mastics and coatings at the manufacturer's 
recommended coverage per unit volume. 

C. Piping Insulation - Elastomeric: 

1. Slip insulation on pipe prior to connection. 

a. Whenever the slip-on technique is not possible provide insulation neatly 
slit and snapped over the pipe. 

2. Fabricate and install fitting cover insulation according to manufacturer's 
recommendations. 

3. Seal joints, slits, miter-cuts and other exposed edges of insulation with 
adhesive, recommended by the insulation manufacturer, to ensure 
complete vapor barrier. 

D. Piping Insulation - Fiberglass: 

1. Apply over clean dry pipe. 

a. Butt all joints together firmly. 

2. Seal joints, slits, miter-cuts and other exposed edges of insulation as 
recommended by the insulation manufacturer. 
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3. Insulate fittings, valves, and flanges with insulation thickness equal to 
adjacent pipe. 

4. PVC pipe jacket: 

a. Apply jacketing with a minimum of 1 IN overlap. 

1) Weld longitudinal and circumferential seams with adhesives as 
recommended by manufacturer. 

b. Provide slip-joints every 30 FT and between fittings if distance exceeds 
8 FT. 

1) Construct slip-joints by overlapping jacket sections 6 to 10 IN. 

c. Provide premolded PVC covers of same material and manufacturer as 
jacket for fittings, valves, flanges, and related items in insulated piping 
systems. 

5. Aluminum pipe jacket: 

a. Field-applied aluminum jacket with vapor-sealed longitudinal and butt 
joints. 

b. Provide smooth and straight joint with a minimum 2 IN overlap. 

c. Secure joints with corrosion-resistant screws spaced 0.25 to 0.50 IN 
back from edge. 

d. Center spacing of screws 5 IN maximum or as required to provide 
smooth tight-fitted joints. 

e. Place joints on least exposed side of piping to obtain neat appearance. 

E. Equipment:  Install per manufacturer's instructions. 

F. Ductwork Insulation - Fiberglass: 

1. Flexible insulation: 

a. Butt edges tightly. 

1) Secure insulation with Benjamin Foster 85-20 adhesive applied in 6 
IN strips on 12 IN centers and/or pins, applied on not more than 18 
IN centers so that the insulation conforms to the duct surfaces 
uniformly and firmly. 

b. Seal joints with facing overlap or 4 IN wide strips of like facing material 
adhered and stapled in place. 

c. Properly seal any penetration in vapor barrier facing with Benjamin 
Foster 85-20. 

d. Cut insulation slightly longer than the perimeter of the duct to ensure full 
thickness at corners. 

2. Semi-rigid insulation and duct interior lining board: 

a. Impaling over pins. 

1) Apply insulation with edges tightly butted. 
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2) Apply insulation with mechanically welded fasteners to the duct and 
secured with speed clips. 

3) Clip pins off close to clip. 

4) Space pins as required to hold insulation firmly against duct 
surface, but not less than one (1) pin per 1.5 SF. 

5) Seal joints and speed clips with 3 IN wide strip of facing adhered 
with Benjamin Foster 85-20 adhesive. 

b. If the welded pin method is impossible, secure insulation to the duct 
with Benjamin Foster 85-20 adhesive. 

1) Cover the entire surface of duct with adhesive. 

2) Use corner metal angle to protect edge of insulation. 

3) Protect edge of insulation. 

4) Seal joints as above. 

G. Install interior duct lining board as indicated above. 

1. Overall length shall be as indicated on the Drawings or a minimum of 10 LF 
past any type of air supply fan. 

3.2 REPAIR 

A. Whenever any factory applied insulation or job-applied insulation is removed or 
damaged, replace with the same quality of material and workmanship. 

3.3 SCHEDULES 

A. Refrigeration Lines (35-60 DegF): 

1. Elastomeric. 

2. 1/2 IN thickness for lines 1 IN and smaller. 

B. Pipe, Fittings and Valves: 

1. Fiberglass. 

 

APPLICATION PIPE SIZE THICKNESS JACKET 

Roof Drainage 2-1/2 to 6 IN 1/2 IN PVC 

Hot Water (domestic) 6 IN and less 3/4 IN PVC 

Cold Water (domestic) 3 IN and less 3/4 IN PVC 

 Over 3 IN 1 IN  

Chemical Piping ½ IN to 1 IN 1 IN PVC 

Heating Water (120 - 230 
DegF) 

6 IN and less 1 IN PVC 

Refrigeration Lines (35 - 60 
DegF) 

Over 1 IN 1 IN PVC 

Chilled Water (35 - 60 DegF) 4 IN and less 1 IN PVC 

 Over 4 IN 1-1/2 IN  
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APPLICATION PIPE SIZE THICKNESS JACKET 

Steam (0-15 psig) 1 IN and less 1 IN PVC 

 1-1/4 IN to 4 IN 1-1/2 IN  

 Over 4 IN 2 IN  

Steam (15 to 60 psig) 1 IN and less 1-1/2 IN Alum 

 1-1/4 IN to 2 IN 2 IN  

 2-1/4 IN to 4 IN 2-1/2 IN  

 Over 4 IN 3 IN  

Steam (60 -125 psig) 1 IN and less 1-1/2 IN  Alum 

 1-1/4 IN to 2 IN 2 IN  

 2-1/2 IN to 4 IN 2-1/2 IN  

 Over 4 IN 3-1/2 IN  

Steam Condensate 2 IN and less 1 IN PVC 

 2-1/2 IN to 6 IN 1-1/2 IN  

 Over 6 IN 2 IN  

Condensate Vent 2 IN and less  1 IN PVC 

 2-1/2 IN to 6 IN 1-1/2 IN  

 Over 6 IN 2 IN  

Steam Exhaust 2 IN and less 1 IN Alum 

 2-1/2 IN to 6 IN 1-1/2 IN  

 Over 6 IN 2 IN  

 
C. Equipment: 

 

EQUIPMENT INSULATION SYSTEM 

Hot water and steam, heating equipment, 
heat exchangers, air separators, strainers, 
condensate, receivers 

2 IN fiberglass insulation.  
Glass mesh jacket adhered 
and coated with two (2) coats 
of Foster 30-36 white 
insulation coatings. 

Hot water pumps, flash tanks, 
compression tanks 

Uninsulated 

Below drain pans serving cooling coils, 
pre-heat systems, domestic water heaters 

1 IN flexible elastomeric 
closed cell sheet. 

Emergency generator exhaust pipe and 
muffler and boiler breeching 

2-1/2 IN mineral wool 1200 
DegF or equal held in place 
with stainless steel bands.  
Field applied 0.05 IN 
aluminum jacket.  Aluminum 
jacket not to exceed 150 
DegF. 

Cold water meter Uninsulated 
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EQUIPMENT INSULATION SYSTEM 

Boiler and smoke stack Conform to Specification 
Section 23 52 00 

 
D. Ductwork: 

1. Fiberglass. 

 

DUCT SERVICE 
INSULATION AND 

THICKNESS 

Outside air and supply air downstream of 
heat recovery units and return air ducts, 
outside building 

2 IN semi-rigid for outdoor 
installation 

Outside air ducts, inside building 1-1/2 IN semi-rigid with vapor 
barrier 

Supply air ducts downstream of cooling 
coils  

1 IN flexible with vapor barrier 

Exhaust air ducts upstream of heat 
recovery units, inside building 

1-1/2 IN semi-rigid 

Exhaust air ducts upstream of heat 
recovery units, outside building 

1-1/2 IN semi-rigid for outdoor 
installation 

All other ductwork Uninsulated 

END OF SECTION 
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SECTION 40 50 05

GATE VALVES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Gate valves.

B. Related Specification Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

3. Section 40 05 23 - Valves:  Basic Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. ASTM International (ASTM):

a. A126, Standard Specification for Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings.

b. A763, Standard Specification for Copper Alloy Sand Casting for Valve 
Application.

2. American Water Works Association (AWWA):

a. C500, Standard for Metal-Seated Gate Valves for Water Supply 
Service.

b. C509, Standard for Resilient-Seated Gate Valves for Water Supply 
Service.

c. C550, Standard for Protective Epoxy Interior Coatings for Valves and 
Hydrants.

3. Manufacturers Standardization Society of the Valve and Fittings Industry 
Inc. (MSS):

a. SP-9, Spot Facing for Bronze, Iron and Steel Flanges.
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b. SP-70, Cast Iron Gate Valves, Flanged and Threaded Ends.

c. SP-80, Bronze Gate, Globe, Angle and Check Valves.

4. NSF International (NSF):

a. 61 - Drinking Water System Components - Health Effects.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.

2. Include size, quantity, materials of construction, weight of assembled valve, 
operator information, orientation, valve and operator dimensions, materials 
of construction with ASTM designations, pressure rating, extension stem 
orientation, preferred flow direction, cut sheets for coatings to be applied by 
the valve manufacturer, and cross sectional assemblies showing 
dimensions of the principal parts.  Drawings shall clearly identify valve 
dimensions including all supplied accessories.

3. Identify materials for parts with corresponding mark numbers, codes or 
serial numbers, and refer to the appropriate ASTM standard or other 
standards recognized in the United States of America.

4. Include: 

a. Assembled weight.

b. Valve component body materials 

c. Principal dimensions, including laying length 

d. Interior and exterior coating materials. The interior and exterior surfaces 
of the valve shall be holiday tested and shall be holiday-free.

5. Provide the manufacturers’ warranties for the valve and actuator, including 
all warranty provisions and exclusions.

6. Provide a list of recommended spare parts.

7. Submit field test results.

8. Operation and Maintenance Manuals:

a. See Specification Section 01 33 00 for requirements for:

1) The mechanics and administration of the submittal process.

2) The content of Operation and Maintenance Manuals.

1.5 WARRANTY

A. Provide warranty under provisions of 01 70 00 Execution and Closeout 
Requirements.
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B. Equipment Manufacturer shall warrant the equipment furnished under this 
Specification for a period of one (1) years against defects in materials and 
workmanship, equipment design, and operational failure.

C. The Warranty Period shall be interpreted as the twelve (12) month period 
following the installation, adjusting and acceptance testing, and the start of 
actual operation of the equipment, or twenty-four (24) months after complete 
delivery, whichever occurs first.

D. Nothing in this Specification shall be construed to relieve the Contractor from 
his/her obligation to warrant the complete Project in accordance with the 
Contract Documents.

PART 2 - PRODUCTS

2.1 VALVES:  WATER SERVICE, 2-1/2 IN AND SMALLER

A. Class 125 bronze gate valve.

B. Comply with MSS SP-80.

C. Materials:

1. Body, bonnet, wedge:  Bronze.

2. Stem:  Silicon bronze.

3. Packing:  Aramid fibers with graphite (Kevlar®).

D. Design Requirements:

1. 125 psi steam, 200 psi nonshock WOG.

2. Screw in bonnet, non-rising stem, solid wedge.

E. Acceptable Manufacturers:

1. Nibco.

2. Stockham.

3. Submit request for substitution in accordance with Specification Section 01 
25 13.

2.2 VALVES:  WATER SERVICE, LARGER THAN 2 1/2 IN

A. Resilient Wedge Gate Valves, 2 to 12 IN:

1. Comply with AWWA C509.

2. Materials:

a. Stem and stem nut:

1) Bronze.

2) Wetted bronze parts in low zinc bronze.

3) Heat treated aluminum bronze components:  
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b. Body, gate:  Ductile iron.

c. Resilient wedge:  Fully encapsulated rubber wedge. Ethylene 
Propylene Diene Monomer (EPDM).

3. Design requirements:

a. Minimum 200 psi working pressure.

b. Buried:  Non-Rising Stem, O-ring stem seal, 2 IN square operating nut.

c. Exposed:  Handwheel Non-Rising Stem, O-ring, stem seal, handwheel.

d. Counter clockwise open rotation.

e. Fusion bonded epoxy coating interior and exterior except stainless steel 
and bearing surfaces.

1) Comply with AWWA C550.

2) Comply with NSF 61.

3) Wetted bronze parts in low zinc bronze.

4) Heat treated aluminum bronze components:  

4. Acceptable manufacturers:

a. Clow.

b. Mueller.

c. American Flow Control.

d. M & H.

e. Submit request for substitution in accordance with Specification Section 
01 25 13.

2.3 FABRICATION

A. General:

1. Provide valves with clear waterways the full diameter of the valve.

B. Spot valves in accordance with MSS SP-9.

PART 3 - EXECUTION

3.1 INSTALLATION

A. See Specification Section 40 05 23.

B. Where larger buried valves utilize smaller bypass valves, provide a second 
valve box installed over the bypass valve operating nut.

C. Do not install gate valves inverted or with the stems sloped more than 45 
degrees from the upright unless the valve was ordered and manufactured 
specifically for this orientation.

END OF SECTION
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SECTION 40 50 15 

BUTTERFLY VALVES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Butterfly valves. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 40 05 23 - Valves:  Basic Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

a. B16.1, Cast Iron Pipe Flanges and Flanged Fittings - Classes 25, 125 
and 250. 

b. B16.5, Pipe Flanges and Flanged Fittings - NPS 1/2 Through NPS 24. 

2. ASTM International (ASTM): 

a. A48, Standard Specification for Gray Iron Castings. 

b. A126, Standard Specification for Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings. 

c. A276, Standard Specification for Stainless Steel Bars and Shapes. 

d. A395, Standard Specification for Ferritic Ductile Iron Pressure-
Retaining Castings for Use at Elevated Temperatures. 

e. A436, Standard Specification for Austenitic Gray Iron Castings. 

f. A536, Standard Specification for Ductile Iron Castings. 

3. American Water Works Association (AWWA): 

a. C504, Standard for Rubber-Seated Butterfly Valves.  

b. C516 Large Diameter Rubber-Seated Butterfly Valves 
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c. C542, Standard for Electric Motor Actuators for Valves and Slide Gates 

4. Manufacturers Standardization Society of the Valve and Fittings Industry 
Inc. (MSS): 

a. SP-67, Butterfly Valves. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Include size, quantity, materials of construction, weight of assembled valve, 
operator information, orientation, valve and operator dimensions, materials 
of construction with ASTM designations, pressure rating, orientation of seat 
adjustment screws, actuator including orientation of actuator, extension 
stem orientation, cavitation coefficients, preferred flow direction, cut sheets 
for coatings to be applied by the valve manufacturer, and cross sectional 
assemblies showing dimensions of the principal parts.  Drawings shall 
clearly identify valve dimensions including all supplied accessories. 

3. Identify materials for parts with corresponding mark numbers, codes or 
serial numbers, and refer to the appropriate ASTM standard or other 
standards recognized in the United States of America. 

4. Include:  

a. Valve port diameter. 

b. Clearances required for the actuator and clearances required to remove 
the actuator. 

c. The number of turns to open and close for manual actuators. 

d. Assembled weight. 

e. Valve-torque data. 

f. Cavitation coefficients. 

g. Valve component body materials (per AWWA C504 Sec. 4.2.1.6). 

h. Principal dimensions, including laying length (per AWWA C504 Table 
1). 

i. Actuator manufacturer, model, and torque capability (per AWWA C504 
Sec. 4.2.8). 

j. Interior and exterior coating materials. The interior and exterior surfaces 
of the valve shall be holiday tested and shall be holiday-free. 

k. Clearance beyond the valve body required for the valve disc to open 
fully  

l. Valve position versus flow resistance curves per procedures described 
in AWWA Manual M49. 

5. Provide the following certifications: 
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a. For valves 8 IN and larger, furnish "Affidavit of Compliance" with Owner 
in accordance with AWWA C504. 

b. Provide certification that manufacturer has confirmed existing bolting 
pattern and flange dimensions and that proposed valve will match 
existing conditions. 

6. Provide shop testing procedures. 

7. Provide certified test reports: 

a. Furnish certification at least 7 days prior to the shipment of the valve 
that each valve has been hydrostatically tested at twice the rated 
pressure, in accordance with AWWA C504 Section 5.1.3. 

b. Indicate compliance with factory hydrostatic tests, performance tests, 
leakage test conducted in both directions, and tests in the Certified Test 
Report.  

8. Provide information on any welding procedures used in valve fabrication 
including:  

a. Welding procedure specifications for all shop welding processes;  

b. Procedure qualification records for each submitted welding procedure 
specifications in accordance with Section IX of the ASME BPVC;  

c. Welders’ and welding operators’ certifications for the qualified 
procedures in accordance with Section IX of the ASME BPVC; and  

d. Post-weld cleaning and de-scaling procedures.  

9. Provide the manufacturers’ warranties for the valve and actuator, including 
all warranty provisions and exclusions. 

10. Provide a list of recommended spare parts. 

11. Provide an Equipment Installation Report. 

12. Submit field test results. 

13. Confirmation from the valve manufacturer that there is adequate disc 
clearance for the pipe internal diameter and that the adjacent pipe internal 
diameter is sufficient to accommodate the disc when the valve is in the fully 
open position. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

1.5 QUALITY ASSURANCE 

A. Markings:  

1. Manufacturer's name; 

2. Working pressure;  
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3. Size to be cast on valve body;  

4. Year of manufacture. 

B. Valve and actuator shall conform fully with requirements of AWWA C504/516. 

C. Factory Tests: Test all valves with operators in accordance with AWWA 
C504/516 and manufacturer's published standard.  Valves shall be tested with 
the actuator with which they will be installed. 

D. Quality control (QC) and quality assurance (QA) for the design, fabrication, and 
installation of the valves specified herein shall be the responsibility of the 
manufacturer, including all QC and QA procedures in the shop and field 
required shall comply with this Section. 

E. The actuator manufacturer, or a factory certified representative, shall assist in 
the setup of the actuator for use in the factory testing of the valve.  The actuator 
manufacturer shall be available and able to address any issues that arise during 
testing.   

F. Valve, actuator, and accessories shall be furnished as a complete unit by valve 
manufacturer. Valve manufacturer shall provide valve design parameters such 
as unseating, opening, closing and seating torque required to actuator 
manufacturer to ensure a complete, working system. Valve manufacturer shall 
mount the actuator to the valve and shall be responsible for the valve and 
actuator as a complete working package. 

G. Standardization:  All valves shall be the product of one manufacturer. 

H. Valves shall be manufacturer's standard cataloged product and modified to 
provide compliance with the specifications and the service conditions specified 
and indicated. 

I. System Coordination:  The Contractor is responsible for all details necessary to 
properly install, adjust, and place in operation in order to provide a working 
system. The Manufacturer is responsible for ensuring working units. The 
Specifications call attention to certain features, but do not purport to cover all 
details entering into the construction of the equipment. 

J. Manufacturer of valves must have at least ten (10) operating installations with 
valves of the type and size specified and in the same service as specified 
operating for not less than five (5) years for the United States water industry 
that are comparable to the valves specified. Engineer will determine if the 
experience of the manufacturer is acceptable. 

K. All production facilities including foundries, fabrication, and machine shops 
utilized in the production of the valves specified herein shall be ISO 9001 
certified. 
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1.6 FACTORY TESTING 

A. All valves included in this Specification shall be tested in accordance with 
AWWA C504/516 and the requirements of the Specification. Manufacturer shall 
submit certified test records for all the valves included in this Specification. 

B. Assemble each valve and inspect for proper seating. 

C. Factory performance tests and adjustment shall be performed on each valve, 
with the valve in the same orientation (valve shaft horizontal) as the field 
installation. Correct seating of each valve disc shall be certified with a 
performance test consisting of five open-close cycles. Each open-close cycle 
shall start with a closed valve. The valve shall then be fully opened and closed. 
Provide certified reports of performance test.  

D. Correct seating of each valve disc shall be certified with a leakage test 
consisting of five open-close cycles. Each open-close cycle shall start with a 
closed valve. The valve shall then be fully opened and closed. Once the valve is 
closed, the seat shall be tested for leakage. In each test, the seat must be 
within the allowable leakage. This test is repeated five times; each of the five 
seat test must pass the leakage test as specified in AWWA C504/516. Provide 
certified reports of seat test.  

E. Perform the leakage test with the seat under the maximum specified differential 
pressure. Each valve shall be tested with the actuator that will be used for the 
final field installation.  

F. Perform a hydrostatic test at the factory prior to shipment. Perform test in 
conformance to AWWA C504/516. The hydrostatic test pressure shall be twice 
the rated pressure and tested for 10 minutes. Install electric motor operator or 
actuator prior to hydrostatic testing.  

G. Repeat tests until specified results are obtained. 

H. Document serial number on valve at time of testing and reflect in certified test 
records furnished to OWNER’s Representative. Identification plate must be 
permanently affixed to valve prior to factory testing. 

I. Correct or replace promptly all defects or defective equipment revealed by or 
noted during tests at no additional cost to the OWNER. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and handle as to prevent damage to materials.  If it is not 
practical to store the valve indoors, protect the valve and actuators from the 
elements and the accumulation of dirt, rocks, and debris.  

B. The Manufacturer shall carefully prepare valves for shipment so that no 
damage caused by the manufacturer’s negligence occurs in handling or in 
transit.  
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C. If damage occurs to the equipment while in transit, the equipment will be 
rejected, and the Manufacturer shall be responsible for repairing the damage 
and redeliver to the job site in compliance with the Contract Documents at no 
additional cost to the Owner.   

D. Valves shall be drained and the disc adequately blocked.  

E. Ship with flange or body end protectors. 

F. Do not expose rubber seats to sunlight or ozone for any extended period.  

G. Store equipment with protection from weather, excessive humidity and 
temperature, dirt, dust, and other contaminants and in compliance with the 
manufacturer’s instructions. 

H. Verify flange faces, joint-sealing surfaces, body seats, and disc seats are clean. 
Verify the bolts attaching the actuator to the valve are tight, and if loose, tighten 
them firmly. Open and close the valve to verify it operates properly and that 
stops or limit switches are correctly set so that the valve seats fully. Close the 
valve before backfilling. 

1.8 WARRANTY 

A. Provide warranty under provisions of 01 70 00 Execution and Closeout 
Requirements. 

B. Equipment Manufacturer shall warrant the equipment furnished under this 
Specification for a period of two (2) years against defects in materials and 
workmanship, equipment design, and operational failure. 

C. The Warranty Period shall be interpreted as the twenty-four (24) month period 
following the installation, adjusting and acceptance testing, and the start of 
actual operation of the equipment, or thirty-six (36) months after complete 
delivery, whichever occurs first. 

D. Nothing in this Specification shall be construed to relieve the Contractor from 
his/her obligation to warrant the complete Project in accordance with the 
Contract Documents. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. DeZurik. 

2. Val-Matic 

3. GA Industries 

4. Pratt. 
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5. K-Flo, a division of Crispin Valve 

B. Submit request for substitution in accordance with Specification 
Section 01 25 13. 

2.2 BUTTERFLY VALVES 

A. Design Conditions 

1. Size of valves: See Valve Schedule. 

2. Service Condition: Treated Water (chloraminated up to 5 mg/l) 

3. Design Operating Pressure: See Valve Schedule 

4. Minimum acceptable valve classification: AWWA Class 150B 

5. Water temperature range:  50 degrees F minimum; 80 degrees F maximum. 

6. Water pH range: 6.5-8.5 

7. Maximum pull on handwheel: 40 to 60 lb (178 to 267 N)  

B. Comply with AWWA C504/516 & NSF/ANSI 61. 

C. Valve shall be capable of seating in both directions. Provide valves that are 
bubble-tight with flow in either direction at rated pressures. Provide valves 
designed and manufactured for valve operation after long periods of inactivity. 

D. Valves utilizing continuous rubber lining on the internal body surfaces and 
extending over the flanges, or a disk which sits at an angle to the axis of the 
pipe are acceptable. 

E. Materials: 

1. Valve bodies: 

a. ASTM A536, Grade 65-45-12 or A395 grade 60-40-18 ductile iron  

b. Wafer valves may be constructed of ASTM A48, Class 40 cast iron. 

2. Valve shafts: 

a. Stainless Steel, ASTM A276, type 316. Shaft seal shall be adjustable 
packing (pull-down packing gland). 

3. Valve seals:  Upper seal shall consist of self-adjusting split “V” type packing 
or interlocking braid, self-compensation type.  

a. Packing material shall be Buna-N or Teflon. 

b. Seals shall be replaceable without removing valve shaft or actuator. 

4. Valve discs: 

a. Potable and nonpotable water: 

1) ASTM A48, Class 40 cast iron. 

2) ASTM A536, Grade 65-45-12 ductile iron. 

3) ASTM A436, Type 1 alloy cast iron. 

b. Air and similar applications:  ASTM A48, Class 40 cast iron. 
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5. Valve seats: 

a. Seating:  Valve sizes 24” and larger: use valves with 360 degree 
seating, whereby shaft does not pass through seat surface.    

b. Seat shall be easily field replaceable and mechanically adjustable in the 
installed position without the required use of special tools, syringes or 
drilling into the valve body. 

c. Provide valve with disc seat adjustment facing upstream, unless 
otherwise indicated. 

d. Provide seats offset from shaft and field replaceable for all valves 24” 
and larger. 

e. Seat Surface: ANSI Type 304 or Type 316 stainless steel or Ni-chrome. 

f. Seat Material: EPDM-P meeting ASTM D2000 that is resistant to 
oxidation and corrosion.  

g. Seat Attachment Options 

1) Mechanically retained into valve body. 

2) Mechanically retained to disc. 

3) Seats may not be glued or epoxied to the valve body. 

h. For seats mounted on disc: 

1) Seal shall be mechanically fastened to disc with ASTM A276, Type 
316 stainless steel hex head screws.  Provide rubber seat 
reinforced with stainless steel retaining ring.  Seats vulcanized or 
bonded to the disc are not acceptable.  

2) Mating surfaces for valves with seat on disc: Type 316 stainless 
steel.   

3) Provide mating surface mechanically retained in body and sealed 
with O-ring. 

4) Provide ductile iron disc. 

i. For valves with seats mounted on body: 

1) Seal shall be mechanically fastened to the body using 316 stainless 
steel retaining segments with stainless steel studs and self-locking 
nuts. 

2) Mating surfaces for valve with seat in body:  Type 316 stainless 
steel or plasma applied nickel-chromium material containing 80 
percent nickel, 20 percent chrome. 

3) Provide disc of ASTM A126 Class B, ductile iron or Type 316 
stainless steel.   

4) Plated or sprayed on mating surface material not acceptable. 

6. Mating surfaces: 

a. ASTM A276, 18-8, 316 stainless steel. 

7. Bearings 



WHCRWA  
CENTRAL PUMP STATION BUTTERFLY VALVES 

 

WHCRWA CENTRAL PUMP STATION 
BUTTERFLY VALVES 

40 50 15 - 9 OF 12 

a. Self-lubricating, nonmetallic material shall effectively isolate the disc-
shaft assembly from the valve body. Cast or ductile iron thrust or journal 
bearing surfaces are NOT acceptable. 

8. Flanges: 

a. Flanges shall be in accordance with AWWA C504 (Table 2) and ASME 
B16.1, unless otherwise required by field conditions.  Flanges shall be 
provided with a bolting pattern to match that of the existing flanges to 
which they will be connected.  Contractor responsible for field verifying 
flange class and bolting pattern. 

F. Design Requirements: 

1. Exposed and submerged valves 3 IN through 20 IN. 

a. Body type:  Wafer or short body flange (laying length may vary from 
AWWA C504). 

b. Equip wafer type with fully tapped anchor lugs drilled per ASME B16.5. 

2. Exposed and submerged valves 24 IN and larger: 

a. Body type:  Short body flange. 

b. Working pressure:  Rated for 150 psi (Class 150B per AWWA C504). 

3. Direct buried valves: 

a. All valves:  Working pressure rated for 150 psi (Class 150B per AWWA 
C504). 

b. Body type:  Short body flange. 

2.3 ACCESSORIES 

A. Fastenings 

1. 304 SS or 316 SS 

2. All bolts shall be long enough that a maximum of three threads are exposed 
beyond the nut. 

B. Coatings 

1. Valve shall be coated in accordance with Specification 09 91 00 and in 
accordance with AWWA C550. 

C. Refer to Drawings and/or valve schedule for type of actuators. 

1. Furnish actuator integral with valve. 

D. Refer to Specification Section 40 05 23 for actuator requirements. 



 WHCRWA 
BUTTERFLY VALVES CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
BUTTERFLY VALVES 
40 50 15 - 10 OF 12 

2.4 SPARE PARTS 

A. Spare parts shall be identical in every aspect with the original parts. Each part 
shall be securely tagged and clearly identified as "SPARE".  All spare parts 
shall be suitably packaged for long term storage.  Protect and store spare parts 
in location as directed by Owner’s Representative. Spare parts provided will 
include, but are not limited to: 

1. Up to 16 inches: Upper and lower journal bearing, packing. 

2. 24-48 inches: Seat, O-ring, bearing, packing, spacer 

3. 54 inch: Seat, O-ring, bearing, packing 

4. 60-72 inches: Seat, O-ring, bearing, packing, thrust washer. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. See Specification Section 40 05 23. 

B. Install valves with shafts horizontal for maximum operator access and 
convenience, and in accordance with the manufacturer’s written 
recommendations. 

C. Handle valves carefully when positioning, avoiding contact or impact with other 
equipment, vault walls, or trench walls. 

D. Avoid subjecting the valve to pipe loads that could deform the valve out of 
round. Support the valve independently of the adjacent piping, and the adjacent 
piping shall be supported independently of the valve. Piping to and from the 
valve shall be adequately supported and controlled. Valve inlet and outlet piping 
shall be sup- ported as near to the valve as practical. 

E. Valve interiors and adjacent piping shall be clean and free of foreign material 
prior to mating the valve-to-pipe-joint connection. 

F. Prepare pipe ends and install valves in accordance with the pipe manufacturer’s 
instructions for the joint used. Do not deflect the pipe-valve joint. Do not use a 
valve as a jack to pull pipe into alignment. The installation procedure shall 
minimize the bending of the valve-pipe connection with pipe loading. 

G. Pressure test with piping system.  Operate satisfactorily through at least three 
cycles. Conduct a leakage test per AWWA C504 at the pressure class. There 
shall be no leakage. 

3.2 FIELD QUALITY CONTROL 

A. Furnish services of qualified factory-trained technical representative who shall 
check installation and assist contractor in making adjustments to mechanical 
stop limiting devices. 
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B. Manufacturer shall provide services of factory-trained Service Technician, 
specifically trained on type of equipment specified: 

1. Person-day requirements listed are exclusive of travel time, and do not 
relieve Contractor of the obligation shall place equipment in operation as 
specified. 

2. Installation:  Inspect setting, alignment, field erection; coordination of 
electrical and miscellaneous utility connections: 

a. 1/2 person-day on-site per valve. 

3. Functional Testing:  Calibrate, check alignment and perform a functional 
test.  Tests shall include all items specified. 

a. 1/2 person-day on-site per valve. 

4. Field Performance Testing:  Field performance test equipment specified. 

a. 1/2 person-day on-site per valve. 

5. Vendor Training:  Provide training in accordance with Specification 01 75 
00. 

6. Credit to the Owner all unused service person-days specified above, at the 
manufacturer's published field service rate. 

7. Any additional time required of the factory trained service engineer to assist 
in placing the equipment in operation or to correct deficiencies in 
installation, equipment or material shall be provided at no additional cost to 
the Owner. 

3.3 FIELD TESTING 

A. After installation of valves, and after inspection, operation, testing and 
adjustment have been completed by the Manufacturer’s field service technician, 
conduct operating and leakage test for each valve in presence of the Engineer 
and Owner’s Representative shall determine its ability to operate as specified, 
and it shall operate smoothly without jamming under specified conditions. 

B. Upon completion of installation of the equipment, an acceptance test, verify the 
satisfactory operation of each valve shall be conducted. The test shall be 
conducted in a manner approved by and in the presence of the Owner and 
Engineer. The unit must perform in a manner acceptable to the Owner and 
Engineer before final acceptance will be made.  

C. Provide all labor, piping, testing equipment for conducting tests. 

D. Immediately correct or replace all defects or defective equipment revealed by or 
noted during tests at no additional cost to the Owner 
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E. Remove and replace equipment at no additional cost to the Owner with 
equipment that will meet all requirements specified and indicated if unable to 
demonstrate to the satisfaction of the Engineer that equipment will perform the 
service specified, indicated and as submitted. 

END OF SECTION 
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SECTION 40 50 20 

BALL VALVES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Ball valves. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 40 05 23 - Valves:  Basic Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Society of Mechanical Engineers (ASME) 

a. B16.1    Cast Iron Pipe Flanges and Flanged Fittings Classes                        

25,125, and 250 

b. B46.1    Surface Texture (Surface Roughness, Waviness, and Lay) 

c. Section VIII  Boiler and Pressure Vessel Code-Pressure Vessels 

d. Section IX    Boiler and Pressure Vessel Code-Welding and  

Brazing Qualifications. 

2. American Society for Testing and Materials (ASTM) 

a. A276    Standard Specification for Stainless Steel Bars and  

Shapes 

b. A395    Standard Specification for Ferritic Ductile Iron Pressure 

Retaining Castings for use at Elevated Temperatures 

c. A536    Standard Specification for Ductile Iron Castings 

3. American Water Works Association (AWWA) 
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a. C507    Ball Valves 6 in. through 48 in. 

b. C541    Hydraulic and Pneumatic Cylinder and Vane-Type  

Actuators for Valves and Slide Gates  

c. C542    Electric Motor Actuators for Valves and Slide Gates 

d. C550    Protective Interior Coatings for Valves and Hydrants. 

4. National Electrical Manufacturers Association (NEMA) 

5. National Fire Protection Association (NFPA) 

a. NFPA 70    National Electric Code 

6. Manufacturers Standardization Society of the Valve and Fittings Industry 
Inc. (MSS): 

a. SP-72, Ball Valves with Flanged or Butt-Welding Ends for General 
Service. 

b. SP-110, Ball Valves; Threaded, Socket-Welding, Solder Joint, Grooved 
and Flared Ends. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Test results for AWWA valves. 

3. Materials for all parts shall be identified with the corresponding mark 
numbers, codes or serial numbers, and refer to the appropriate ASTM 
standard or other standards recognized in the United States of America; 
provided that, in the case of materials of construction not covered by such 
standards, the chemical composition and other key parameters shall be 
provided to allow the Owner to verify if the materials and/or items are 
equivalent. The Manufacturer shall include copies of the non-ASTM 
standards translated into the English language. 

4. Shop Drawings: 

a. Show complete physical description and performance capabilities of the 
ball valves, including, but not necessarily limited to the following: 

1) Submit descriptive literature, bulletins, and/or catalogs of the 
equipment, including catalog cut-sheets for all third-party 
commercially available mechanical components integrated into the 
valve design. 
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2) Scaled outside general arrangement drawings of each valve design 
including materials of construction; seat details; operator or 
actuator, including orientation of operator or actuator, field wiring 
diagrams, and extension stem orientation; cross sectional 
assemblies showing dimensions of the principal parts; and 
provisions for supporting the valve, actuator, and other 
appurtenances connected to the valve. 

3) Weight of each assembled valve; 

4) Complete bill of materials with corresponding codes or serial 
numbers, and reference to the applicable ASTM Standard or other 
standard recognized in the United States; 

5) Rated capacities, operating characteristics, furnished specialties, 
and accessories;  

6) Flow characteristics based on Cv value versus percent of valve 
open; 

7) Cut-sheets for coatings to be applied by the valve manufacturer; 

b. Submit drawings as a complete package of all equipment furnished.  
Partial drawings will not be reviewed. 

c. Drawings shall indicate the location of all piping, electrical and 
instrumentation connections.  All connections shall be at the ball valve 
assembly.  Connections shall be kept to a minimum. 

5. Submit calculations showing actuator sizing and design stresses in the 
major valve components. All calculations shall be sealed by licensed 
Professional Engineer. Actuator sizing calculations shall clearly show the 
minimum torque requirements and the service factor required herein. See 
Section 40 05 23 for additional actuator submittal requirements for electro-
hydraulic valve actuators. 

6. Product Certificates for each type of ball valve and actuator, signed by 
Manufacturer. 

7. Affidavits of Compliance:   

a. Furnish an affidavit that the valve assembly and all material used in their 
construction comply with AWWA C507 (Section 5.3.1, Affidavit) and 
AWWA C541 (Section 6.3, Affidavit of Compliance) and the details in this 
specification. 

b. Certification that actuator manufacturer and valve manufacturer have 
reviewed and approved the submittals for both the valve and actuator, 
including coordination of mounting hardware.  Valve and actuator to be 
certified as a functional unit.  Valve manufacturer shall provide valve 
drawings and dimensions as required by actuator manufacturer. 

c. Provide certification that manufacturer has confirmed existing bolting 
pattern and flange dimensions and that proposed valve will match existing 
conditions. 
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8. Written installation instructions. 

9. Copy of the manufacturers’ warranties for the valve and actuator, including 
all warranty provisions and exclusions. 

10. Submit a recommended spare parts list with break out pricing for the entire 
package including ball valves, actuators, and electric power units for one 
year of operation. 

11. Equipment Installation Report 

a. The Supplier representative(s) shall submit a written report certifying the 
equipment is properly installed, lubricated, is in accurate alignment, is 
free from undue stress from connecting appurtenances, that it has been 
operated under all operating conditions and that it is operating 
satisfactorily.  Submittal of an Installation Report found acceptable to 
Owner and Engineer shall be a condition of establishing Substantial 
Completion.  The warranty period shall not begin prior to the Equipment 
Installation Report being accepted by the Owner and Engineer. 

12. Provide certified test reports: 

a. Furnish certification at least 7 days prior to the shipment of the valve that 
each valve has been hydrostatically tested in accordance with AWWA 
C507 Section 5.1. 

b. Indicate compliance with factory hydrostatic tests, ultrasound tests, 
performance tests, leakage test conducted in both directions, and tests in 
the Certified Test Report.  

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

1.5 QUALITY ASSURANCE 

A. It is the Valve Manufacturer’s responsibility to supply and coordinate with the 
electro-hydraulic actuator supplier all specified valve operation and 
performance requirements, such as torque output and installation details. The 
Valve Manufacturer shall be responsible for the operation of the entire pump 
control ball valve and electro-hydraulic actuator system.  

B. Valves shall be the products of a Supplier with at least 10 years of successful 
experience in the design, manufacturing and application of valves of the type, 
size, and performance capabilities specified.  Supplier shall maintain a quality 
assurance system. If required by the ENGINEER, the manufacturer shall 
provide satisfactory evidence of installations of similar equipment which have 
been in operation for a minimum of three (3) years.  
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C. To carry out the intent and purpose of the Drawings all necessary parts to make 
a complete working system ready for use shall be furnished and installed by the 
Contractor without extra charge or delay of contract completion time. The 
Contractor shall be responsible to coordinate the system installation and routing 
with the work of all trades. 

D. All piping and pressured equipment shall be welded according to ASME Boiler 
and Pressure Vessel Code, Section IX—Welding and Brazing Qualifications. 

1.6 FACTORY TESTING 

A. All valves included in this Specification shall be tested in accordance with 
AWWA C507 and the requirements of this Specification. Manufacturer shall 
submit certified test records for all the valves included in this Specification. 

B. Ball valves and actuators shall be completely assembled at the factory, 
adjusted for correct seating, and tested as an assembly and in accordance with 
the AWWA C-507 and C-540 standards.  Factory adjustments and operational 
tests shall be performed on each valve with the valve oriented in the same 
position as the installed field position.  The valves shall be cycled five times (full 
open to full close) and successfully seat tested each cycle to certify proper 
seating.  Seat adjustments and manual indicators shall be set and checked at 
the factory. Each open-close cycle shall start with a closed valve. The valve 
shall then be fully opened and closed. Provide certified reports of performance 
test. 

C. Correct seating of each valve disc shall be certified with a leakage test 
consisting of five open-close cycles. Each open-close cycle shall start with a 
closed valve. The valve shall then be fully opened and closed. Once the valve is 
closed, the seat shall be tested for leakage. In each test, the seat must be 
within the allowable leakage. This test is repeated five times; each of the five 
seat test must pass the leakage test as specified in AWWA C507. Valves shall 
be tested in each direction with the required pressure on one side of the valve 
and atmospheric pressure on the other side. Provide certified reports of seat 
test.  

D. The Supplier shall perform a hydrostatic pressure test on the valve assembly 
with the ball in the open position at 2 times the shut-off head for a minimum of 
10 minutes.   No visible leakage allowed. 

E. Repeat tests until specified results are obtained. Correct or replace promptly all 
defects or defective equipment revealed by or noted during tests at no 
additional cost to the OWNER. 

F. The manufacturer shall conduct ultrasound testing of each valve ball and valve 
body and certify there are no defects. The valve body will require a submerged 
ultrasound test. The Manufacturer shall make thorough visual inspection and 
perform ultra-sound tests on all castings before assembly. Results of ultrasound 
testing shall indicate compliance with ASME Boiler Code and MSS SP-55 
requirements or other standard approved by the OWNER. 
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G. Document serial number on valve at time of testing and reflect in certified test 
records furnished to OWNER’s Representative. Identification plate must be 
permanently affixed to valve prior to shipment to site. 

1.7 DELIVERY, STORAGE AND HANDLING 

A. Deliver, store, and handle as to prevent damage to materials.  If it is not 
practical to store the valve indoors, protect the valve and actuators from the 
elements and the accumulation of dirt, rocks, and debris. Store equipment with 
protection from weather, excessive humidity and temperature, dirt, dust, and 
other contaminants and in compliance with the manufacturer’s instructions. 

B. The Manufacturer shall carefully prepare valves for shipment so that no 
damage caused by the manufacturer’s negligence occurs in handling or in 
transit.  

1. If damage occurs to the equipment while in transit, the equipment will be 
rejected, and the Manufacturer shall be responsible for repairing the 
damage and redeliver to the job site in compliance with the Contract 
Documents at no additional cost to the Owner.   

C. Valves shall be drained and the disc adequately blocked in the closed position.  

D. Ship with flange or body end protectors. 

E. Do not expose rubber seats to sunlight or ozone for any extended period.  

F. Verify flange faces, joint-sealing surfaces, body seats, and disc seats are clean. 
Verify the bolts attaching the actuator to the valve are tight, and if loose, tighten 
them firmly. Open and close the valve to verify it operates properly and that 
stops or limit switches are correctly set so that the valve seats fully. Close the 
valve before installing. 

1.8 WARRANTY 

A. Equipment Manufacturer shall warrant the equipment furnished under this 
Specification for a period of two (2) years against defects in materials and 
workmanship, equipment design, and operational failure. 

B. The Warranty Period shall be interpreted as the twenty-four (24) month period 
following the installation, adjusting and acceptance testing, and the start of 
actual operation of the equipment, or thirty-six (36) months after complete 
delivery, whichever occurs first. 

C. Provide warranty under provisions of Section 01 70 00 Execution and Closeout 
Requirements. 

D. Nothing in this Specification shall be construed to relieve the Contractor from 
his/her obligation to warrant the complete Project in accordance with the 
Contract Documents. 
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PART 2 - PRODUCTS 

2.1 METALLIC BALL VALVES 1/4 TO 4 IN DIA 

A. Comply with MSS SP-72 or MSS SP-110. 

B. Acceptable Manufacturers: 

1. Apollo. 

2. Jamesbury. 

3. Watts. 

4. Stockham. 

5. Nibco. 

6. Submit request for substitution in accordance with Specification Section 01 
25 13. 

C. Materials: 

1. Body:  Bronze. 

2. Stem, stem gland nut:  Brass. 

3. Ball:  Brass, chrome plated. 

4. Seats, stuffing box ring, and thrust washer:  Reinforced Teflon. 

5. Handle:  Vinyl coated or zinc- or cadmium-plated steel. 

D. Design Requirements: 

1. Rated for 400 psi and 250 DegF, WOG for threaded end applications and 
285 psi WOG and 150 psi saturated steam service for flanged end 
applications. 

2. Handles showing direction of opening. 

3. Stuffing boxes capable of being repacked under pressure and adjustable for 
wear. 

4. Stem with reinforced Teflon stuffing box ring and blowout-proof design. 

5. Renewable reinforced Teflon seats. 

6. Ball design which does not allow media contact with stem. 

7. Balancing stop for all applications. 

8. Bodies with mounting pad for applications requiring actuators. 

9. Locking handle on flanged valve. 

2.2 PLASTIC BALL VALVES:  1/2 IN TO 4 IN DIA 

A. Refer to specification 46 24 15 – Chemical Piping, Valves and Appurtenances 
for design information.     



 WHCRWA 

BALL VALVES CENTRAL PUMP STATION       
 

WHCRWA CENTRAL PUMP STATION 
BALL VALVES 

40 50 20 - 8 OF 14 

2.3 AWWA C507 BALL VALVES:  6 IN TO 48 IN DIA (PUMP CONTROL VALVE) 

A. General 

1. Comply with AWWA C507. 

2. The pump control valves shall provide controlled opening and closing 
speeds designed for pump discharge service, as specified in Section 40 05 
23 – Valves Basic Requirements. The pumps will be started and stopped 
against a closed valve imposing full pump shut-off head on the valve when 
closed. Power for actuating the valve will be from the electro-hydraulic 
actuator system.  

3. The Pump Control Valve shall function to prevent surges associated with the 
starting and stopping of a pump. 

4. The ball valve shall employ rotary motion only to open and close the valve 
and shall consist of four main elements; a pressure vessel (body), a 
rotatable closing element (ball), a torque unit (valve operating mechanism), 
and an operator. 

B. Design Requirements: 

1. Number of seats: Single-seated 

2. Service Condition: Treated, Chloraminated Water 

3. Design Operating Pressure: See Valve Schedule 

4. Minimum acceptable valve classification: 150  

5. Pump Shut-off Head: 290 ft  

6. Differential Pressure: 100 psi 

C. Acceptable Manufacturers: 

1. Val-Matic 

2. Pratt 

3. GA Industries 

4. Submit request for substitution in accordance with Specification Section 01 
25 13. 

D. Materials: 

1. Body: 

a. The body shall have full, unrestricted circular inlet and outlet, with 
nominal opening diameter equal to the rated size of the valve.  

b. The body shall be provided with flanged ends. The body and flanges 
shall be constructed of ductile iron (ASTM A536, grade 65-45-12 or 
ASTM A395). 
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c. Manufactured flanges and capable of mating with ANSI/ASME B16.1, 
Class 125, flat face flanges.  Body flanges shall be flat faced in 
accordance with AWWA 507.  Flanges shall be provided with a bolting 
pattern to match that of the existing flanges to which they will be 
connected.  Contractor is responsible for field verifying flange class and 
bolting pattern. 

d. Minimum body thickness shall be as specified in Table 2 of AWWA 
Standard C507. 

e. Provide integral legs or pads to support the weight of the valve body 
and to allow for alignment.  Pads or legs shall extend to the lowest 
portion of the valve.  There shall be no part of the valve that protrudes 
below the legs or pads. 

f. Nameplates shall be 1” high white letters on a black background. 
Nameplates shall be bonded to the enclosure using an epoxy or similar 
permanent waterproof adhesive. Information to be included on a 
permanently attached name plate: Name of Supplier, date of 
manufacture, pressure class, size and direction of flow.  

g. The body shall have ample sized bronze bearings machined in accurate 
alignment for reception of the ball trunnions. It shall provide rigid means 
for supporting the torque unit without the necessity of additional 
supports. Means shall be provided to prevent entrance of grit into the 
bearing area. 

2. Ball: 

a. The ball shall be constructed of ASTM A536 Grade 65-45-12 ductile 
iron. 

b. Ball shall be circular port, full and unobstructed, diameter as shown in 
Table 1 of AWWA C507. 

c. The ball shall be taper pinned to an upper and lower fitted shaft of Type 
304 or 17-4 Type 630 stainless steel. Valves employing chromium-
plated iron or steel shafts or trunnions shall not be accepted. 

d. The operating shaft shall pass through the shaft seal chamber and 
connect to the torque unit.  

e. The ball trunnions shall be fitted with lead free bronze or teflon bearings 
of sufficient difference in hardness from the body bushings to eliminate 
seizing and galling.  

f. The ball shaft shall so be designed that the factor of safety for all 
combined stresses shall be at least 5 to 1. Maximum torsional deflection 
shall not exceed 1/16 degrees per foot of unsupported length using a 
seat coefficient of friction of 0.5 and a bearing coefficient of friction of 
0.3.  

g. The ball shaft shall be chrome moly steel ASTM A322 Grade 4140 with 
hard chrome plating through seal chamber or ASTM A564 Grade 
S17400.  
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h. The ball shaft stuffing box shall contain four (4) rubber O-rings, a cast 
bronze O-ring retainer and a stainless steel lock ring.  

i. Shaft surfaces bearing against shaft seals shall have a 32 micro-inch or 
smoother finish in accordance with ANSI B46-1. 

3. Bearings and Shafts: 

a. Provide materials characteristics of the components (such as hardness 
on the bearings and shafts) and methods of connections. 

b. Maximum bearing stress: shall not exceed 2,000 psi at full rated 
pressure differential across the valve. 

c. Bearing surfaces shall be isolated from flow by an O-ring seal fitted into 
a recess in the body. 

d. Provide the valve with at least one thrust bearing set to hold the ball 
securely in the center of the valve. 

e. Valve ball shall be taper-pinned for a fitted shaft. 

f. The operating shaft that connects the ball to the actuator shall be of 
sufficient size to transmit the torque required for operation. 

g. Shafts shall be Type 304 stainless steel in accordance with ASTM 
A276; turned, ground and polished to a 32 micro-inches or smoother 
finish in accordance with ANSI/ASME B46.1. 

4. Shaft Seals: compression type packing made of material in the polytetra-
fluourethylene (PTFE) family (such as Teflon-TPE). 

5. Seat:  Metal seat  

a. Body Seat: Monel 

b. Ball Seat: Stainless Steel. 

6. Finishes 

a. All ferrous metal unfinished surfaces of each valve and its accessories, 
both interior and exterior, shall be shop painted for corrosion protection 
with the manufacturer’s standard coating. Extra paint shall be furnished 
for field touch-up.  

b. Field coat in accordance Section 09 91 00: Painting and Protective 
Coatings. 

E. Accessories 

1. Include with the actuator an electro-hydraulic package control system with 
the following features.  Furnish actuator integral with valve. 

2. Refer to Specification Section 40 05 23 for additional actuator requirements. 

a. Limit Switches 
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1) Each valve shall be provided with independent limit switches 
mounted on the valve (operating mechanism) to the ball shaft or 
shaft extension. Switches shall have an adjustable mounting. The 
limit switches shall be provided with independent contacts as 
follows: 

CPS-03-HSP1-CVLS-1, closes when ball valve is 100% closed 

CPS-03-HSP1-OVLS-2, closes when ball valve is 5% or less open 

CPS-03-HSP1-CVLS-3, closes when ball valve is 95% or more closed 

CPS-03-HSP1-CVLS-4, closes when ball valve is not 100% open 

CPS-03-HSP1-OVLS-5, closes when ball valve is not 100% closed 

2) At intermediate positions, CPS-03-HSP1-OVLS-2, CPS-03-HSP1-
CVLS-4, and CPS-03-HSP1-OVLS-5 shall be closed. See limit 
switch positions table on Sheet E-26 of the plan set for more 
information. Each valve limit switch shall be set to operate as 
shown on this table.  

3) Limit switches shall be NEMA 4X watertight. Limit switch contacts 
shall be ungrounded and rated for no less than 5 amperes at 110 
volts AC.  

b. Stainless steel name tags shall be provided for each of the independent 
limit switches. Name tags shall read: CPS-03-HSP1-CVLS-1, CPS-03-
HSP1-OVLS-2, CPS-03-HSP1-CVLS-3, CVLS-4, and CPS-03-HSP1-
OVLS-5. 

c. Valve Positioner  

1) Each pump control valve shall be provided with electronic 
positioner that will provide an analog signal to the overall control 
system and indicated the valve position on the SCADA network. 
Valve positioner will be mounted and provided as an integral part of 
the actuator and valve. 

d. Terminal Strip with Junction Box 

1) Provide a NEMA 4X, 316 stainless steel terminal box factory 
mounted at a suitable location on the valve assembly.  Box shall be 
provided with a hinged cover.  All electrical limit switches wiring 
shall be brought to identify terminals within the box.  The box shall 
be located such that removal is not necessary for disassembly of 
the valve.  Wiring to switches shall be in liquid tight flexible metallic 
conduit.  No splices will be allowed in conduit.  Each end of every 
wire shall be provided with a heat shrinkable or equivalent sleeve-
type wire marker labeled in accordance with the wiring diagrams.  A 
minimum of 20 percent spare terminals shall be provided.  Use of 
adhesive and clip on type markers is prohibited.  Terminal blocks 
shall be rated 600V, NEMA rated. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. See Specification Section 40 05 23. 

B. Install for maximum operator access and convenience, and in accordance with 
the manufacturer’s written recommendations. 

C. Handle valves carefully when positioning, avoiding contact or impact with other 
equipment, vault walls, or trench walls. 

D. Avoid subjecting the valve to pipe loads that could deform the valve out of 
round. Support the valve independently of the adjacent piping, and the adjacent 
piping shall be supported independently of the valve. Piping to and from the 
valve shall be adequately supported and controlled. Valve inlet and outlet piping 
shall be sup- ported as near to the valve as practical. 

E. Valve interiors and adjacent piping shall be clean and free of foreign material 
prior to mating the valve-to-pipe-joint connection. 

F. Prepare pipe ends and install valves in accordance with the pipe manufacturer’s 
instructions for the joint used. Do not deflect the pipe-valve joint. Do not use a 
valve as a jack to pull pipe into alignment. The installation procedure shall 
minimize the bending of the valve-pipe connection with pipe loading. 

G. Pressure test with piping system.  Operate satisfactorily through at least three 
cycles. Conduct a leakage test per AWWA C507 at the pressure class. There 
shall be no leakage. 

3.2 FIELD QUALITY CONTROL 

A. Furnish services of qualified factory-trained technical representative who shall 
check installation and assist contractor in making adjustments to mechanical 
stop limiting devices. 

B. Manufacturer shall provide services of factory-trained Service Technician, 
specifically trained on type of equipment specified: 

1. Service Technician shall be present on site for all items listed below.  
Person-day requirements listed are exclusive of travel time, and do not 
relieve Contractor of the obligation shall place equipment in operation as 
specified. 

2. Installation:  Inspect setting, alignment, field erection; coordination of 
electrical and miscellaneous utility connections: 

a. 1/2 person-day on-site per valve. 

3. Functional Testing:  Calibrate, check alignment and perform a functional 
test.  Tests shall include all items specified. 

a. 1/2 person-day on-site per valve. 

4. Field Performance Testing:  Field performance test equipment specified. 
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a. 1/2 person-day on-site per valve. 

5. Vendor Training:  Provide training in accordance with Specification 01 75 00. 

6. Credit to the Owner all unused service person-days specified above, at the 
manufacturer's published field service rate. 

7. Any additional time required of the factory trained service engineer to assist 
in placing the equipment in operation or to correct deficiencies in installation, 
equipment or material shall be provided at no additional cost to the Owner. 

3.3 FIELD TESTING 

A. After installation of valves, and after inspection, operation, testing and 
adjustment have been completed by the Manufacturer’s field service technician, 
conduct operating and leakage test for each valve in presence of the Engineer 
and Owner’s Representative shall determine its ability to operate as specified, 
and it shall operate smoothly without jamming under specified conditions. 

B. Upon completion of installation of the equipment, an acceptance test, verify the 
satisfactory operation of each valve shall be conducted. The test shall be 
conducted in a manner approved by and in the presence of the Owner and 
Engineer. The unit must perform in a manner acceptable to the Owner and 
Engineer before final acceptance will be made.  

C. Provide all labor, piping, testing equipment for conducting tests. 

D. Immediately correct or replace all defects or defective equipment revealed by or 
noted during tests at no additional cost to the Owner 

E. Remove and replace equipment at no additional cost to the Owner with 
equipment that will meet all requirements specified and indicated if unable to 
demonstrate to the satisfaction of the Engineer that equipment will perform the 
service specified, indicated and as submitted. 

END OF SECTION 
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SECTION 40 50 30

CHECK VALVES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Check valves.

B. Related Specification Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract.

2. Division 01 - General Requirements.

3. Section 40 05 23 - Valves:  Basic Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. American Society of Mechanical Engineers (ASME):

a. B16.1, Gray Iron Pipe Flanges and Flanged Fittings (Classes 25, 125 
and 250).

2. American Water Works Association (AWWA):

a. C508, Standard for Swing-Check Valves for Waterworks Service, 2 IN 
through 24 IN NPS.

3. Manufacturers Standardization Society of the Valve and Fittings Industry 
Inc. (MSS):

a. SP-71, Cast Iron Swing Check Valves, Flanged and Threaded Ends.

b. SP-80, Bronze Gate, Globe, Angle and Check Valves.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process.

2. See Specification Section 40 05 23.

B. Operation and Maintenance Manuals:

1. See Specification Section 01 33 00 for requirements for:
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a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, manufacturers listed under 
the valve with types are acceptable.

B. Submit request for substitution in accordance with Specification Section 01 25 
13.

2.2 CHECK VALVES:  2.5 IN AND SMALLER

A. Class 125 Bronze Swing Check Valves (Fuel Oil, Compressed Air, Water, 
Wastewater):

1. Comply with MSS SP-80.

2. Acceptable manufacturers:

a. Nibco T413-Y.

b. Stockham B-319Y.

3. Materials:

a. Body, bonnet, disc:  Bronze.

4. Design requirements:

a. 125 psi steam to 406 DegF, 200 psi WOG.

b. Horizontal swing, renewable disc.

c. Unless otherwise shown on the Drawings, use for water, wastewater, 
condensate, steam to 125 psi.

B. Class 150 Bronze Lift Check Valves (Fuel Oil, Compressed Air):

1. Comply with MSS SP-80.

2. Acceptable manufacturers:

a. Stockham B-322B.

b. Powell 158B.

3. Materials:

a. Body, cap, disc holder:  Bronze.

b. Disc:  Buna-N.

4. Design requirements:

a. 150 psi to 150 DegF, 300 psi WOG.

b. Lift check, union cap.

C. Class 200 Bronze Swing Check Valves (Steam 125 to 200 psi):
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1. Comply with MSS SP-80.

2. Acceptable manufacturers:

a. Nibco T473B.

b. Stockham B345.

3. Materials:

a. Body, bonnet, disc:  Bronze.

4. Design requirements:

a. 200 psi steam to 550 DegF, 400 psi WOG.

b. Horizontal swing, Y-pattern.

c. Renewable disc.

2.3 SWING CHECK VALVES:  3 IN TO 24 IN

A. Swing Check Valves (Water, Wastewater, Sludge):

1. Comply with AWWA C508.

2. Acceptable manufacturers:

a. Clow.

b. American Darling.

c. Golden Anderson.

3. Materials:

a. Body and cover:  Cast iron.

b. Seat ring, hinge:  Bronze.

c. Disc:

1) 3 to 4 IN:  Bronze.

2) 6 to 24 IN:  Cast iron with bronze face.

3) 6 to 24 IN:  Cast iron with rubber face.

d. Hinge shaft:  Stainless steel.

e. Bearings, connecting hardware:  Bronze.

4. Design requirements:

a. 175 psi working pressure (3 to 12 IN).

b. 150 psi working pressure (14 to 24 IN).

c. Furnish with outside weight and lever or lever and spring.

d. Unless otherwise shown on the Drawings, use for water, wastewater, 
and sludge.

B. Class 125 Iron Check Valves (Steam to 125 psi, Fuel Oil):
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1. Comply with MSS SP-71.

2. Acceptable manufacturers:

a. Nibco F-918B.

b. Stockham 373 1/2.

3. Materials:

a. Iron body, bronze mounted.

b. Seat ring, disc face:  Bronze.

c. Hinge pin:  Bronze or stainless steel.

d. Connecting hardware:  Bronze or plated steel.

4. Design requirements:

a. 125 psi steam to 450 DegF, 200 psi WOG.

b. Bolted cap.

c. Furnish with outside weight and lever.

C. Class 250 Iron Check Valves (Steam 125 to 250 psi):

1. Comply with MSS SP-71, Type 1.

2. Acceptable manufacturers:

a. Nibco F-968-B.

b. Stockham F-947.

3. Materials:

a. Iron body, bronze mounted.

b. Seat ring, disc face:  Bronze.

c. Hinge pin:  Brass.

d. Connecting hardware:  Bronze.

4. Design requirements:

a. 250 psi steam to 450 DegF, 500 psi WOG.

b. Bolted cap.

2.4 CUSHIONED SWING CHECK VALVES:  2 IN TO 24 IN

A. Class 125.

B. Comply with AWWA C508.

C. Acceptable Manufacturers:

1. Air:

a. Golden Anderson Figure 250D (Class 125).
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b. APCO Series 6000.

2. Oil:

a. APCO Series 6100.

b. Golden Anderson Figure 25-DXH.

D. Materials:

1. Body, cover, disc, levers:  Cast iron or cast steel.

2. Seat:  Bronze or stainless steel.

3. Seat ring:  Bronze or rubber (Buna-N).

4. Hinge:  Stainless steel.

5. Cushion cylinder:  Metallic corrosion resistant material.

E. Design Requirements:

1. Seat ring:  Replaceable.

2. Hinge:  Extend out both sides with lever and weight.

3. Cushion:  oil type with adjustable speed control.

F. Class 125.

G. Acceptable Manufacturers:

1. APCO Series 9000 (2 to 48 IN).

2. Nibco W920-W (2 to 24 IN).

3. Val-Matic.

4. Crane.

5. Tyco.

6. Technocheck by Techno Corporation.

H. Materials:

1. Body:  Cast iron wafer style.

2. Doors:

a. 2 to 12 IN:  Aluminum bronze.

b. 14 to 54 IN:  Stainless steel.

3. Hinge and stop pins:  Stainless steel, 316; vertical pivot pin.

4. Spring:  Stainless steel, T316.

5. Seat:  EPDM bonded to the disc or body.

I. Coatings

1. Interior and exterior per Section 09 91 00
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2.5 SILENT CHECK VALVES

A. Class 125, ASME B16.1.

B. Acceptable Manufacturers:

1. APCO Series 300 or 600.

2. Clow 375, 636.

3. Golden Anderson, Figures 280 or 290.

C. Materials:

1. Body:  Cast iron.

2. Plug and seat:  Bronze.

3. Spring:  Stainless steel.

D. Design Requirements:

1. Body type:

a. 1 to 10 IN:  Wafer.

b. 3 to 30 IN:  Flanged center guided, globe style.

2.6 RUBBER FLAPPER SWING CHECK VALVES:  2 IN TO 24 IN

A. Class 125 (175 psi), ASME B16.1.

B. Acceptable Manufacturer:

1. APCO Series 100.

C. Materials:

1. Body and cover:  Cast iron.

2. Flapper:  Buna-N, steel reinforced.

2.7 BALL CHECK VALVES:  1/2 IN TO 4 IN

A. 150 psi at 73 DegF.

B. Acceptable Manufacturers:

1. R&G Sloane.

2. Corr Tech.

C. Materials:

1. Body:  PVC or CPCV to match carrier pipe in pipe schedule.

2. Ball:  Glass filled or polypropylene.

3. Seals:  Viton or EPDM.

D. Design Requirements:

1. Connectors:  Double union.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. See Specification Section 40 05 23.

B. Install in accordance with manufacturer's instructions.

END OF SECTION
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SECTION 40 50 35 

MISCELLANEOUS VALVES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Air release and vacuum relief valves. 

2. Automatic control valves: 

a. Pressure relief and pressure-sustaining valves. 

b. Pressure-reducing valves. 

c. Backflow preventers. 

3. Solenoid valves. 

4. Flap gate valves. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 40 05 05 - Equipment:  Basic Requirements. 

4. Section 40 05 23 - Valves:  Basic Requirements. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Gas Association (AGA). 

2. American Society of Mechanical Engineers (ASME): 

a. B16.1, Cast Iron Pipe Flanges and Flanged Fittings - Classes 25, 125 
and 250. 

3. American Water Works Association (AWWA): 

a. C512, Standard for Air-Release, Air-Vacuum, and Combination Air 
Valves for Waterworks Service. 
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b. C550, Standard for Protective Interior Coatings for Valves and 
Hydrants. 

4. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. See Specification Section 40 05 23. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the manufacturers listed in 
the applicable Articles below are acceptable. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 AIR RELEASE AND VACUUM RELIEF VALVES 

A. General:  Conform to AWWA C512. All openings to the atmosphere shall be 
covered with 16-mesh or finer, corrosion-resistant screening material or 
acceptable equivalent. 

1. Air Release Valve: 

a. Acceptable manufacturers: 

1) APCO 200 series. 

2) GA Industries, Figure 920, 922, 923. 

3) Crispin PL Series 

b. Materials: 

1) Body and cover:  Cast iron or semi-steel. 

2) Float:  Stainless steel. 

3) Linkage and trim:  Bronze or stainless steel. 

c. Design requirements: 

1) See Section 40 05 23. 
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2. Combination Air Inlet Air Release Valve: 

a. Acceptable manufacturers: 

1) APCO Series 1500C.  

2) Valmatic 1803VB/38. 

b. Materials: 

1) Body and cover:  Cast iron or Ductile Iron with integral flange. 

2) Float:  Stainless steel. 

3) Seat: Buna-N. 

4) Other parts stainless steel 

5) Hood: Galvanized or steel 

6) For air release materials see Air Release Valves section 2.2.A.1 
above 

c. Design requirements: 

1) See Section 40 05 23. 

3. Combination Air Release and Vacuum Valve: 

a. Combination air release and vacuum valves shall be either single or 
dual body.  

1) 4-8 mils of interior coating 

2) Certified factory hydro testing (seat & shell) 

3) 316 SS Bolting 

b. Single Body 

1) Acceptable manufacturers: 

a) GA Industries, Figure 945 or 960, 

b) APCO Series 140C (1 IN-4 IN), 150C (6 IN), 151C (8 IN),  

c) Val-matic Series 200C, 

d) Crispin PL Series, 

e) Vent-o-Mat Series RBX (acceptable for Dual Body applications), 
or as scheduled. 

c. Dual Body 

1) Acceptable manufacturers: 

a) GA Industries, Figure 950, 

b) APCO Series 400 (3-IN and larger), 

c) Crispin Series AL/PL, 

d) Val-matic Series 100/22, 

2) Provide duplex body style with standard air and vacuum valve piped 
to a separate standard air release valve with a shutoff valve in 
between.   
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d. Materials: 

1) Body and cover:  Cast iron. 

2) Float, linkage and hardware:  Stainless steel. 

3) Seat:  Buna-N. 

e. Design requirements: 

1) See Section 40 05 23. 

2) Provide control for slow release of air through valve to prevent valve 
slamming shut from excessive air or water velocity through the valve 
as indicated in schedule. 

2.3 AUTOMATIC CONTROL VALVES  

A. Basic Valve: 

1. Type: 

a. Diaphragm-actuated hydraulically operated. 

1) Materials: 

a) Body:  Ductile iron. 

b) Seat insert:  Stainless steel. 

c) Disc:  Buna-N. 

d) Diaphragm:  Nylon fabric bonded with synthetic rubber. 

2) Design requirements:  Do not use diaphragm as seating surface. 

2. Design requirements: 

a. See Valve Schedule. 

B. Control: 

1. Type: 

a. Pressure-reducing control: 

1) Acceptable manufacturers: 

a) Cla-Val, Model 90-01. 

b) Watts ACV 115 Series. 

c) Singer 106-PR 

d) Ross, Model D40WR 

2) Design requirements:  Modulate basic valve to maintain a uniform 
downstream pressure as set on control pilots. 

2.4 REDUCED PRESSURE BACKFLOW PREVENTERS 

A. Acceptable manufacturers 
1. Watts. 

2. Febco. 
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3. Zurn. 

B. Design Requirements: 

1. Backflow preventers consist of two (2) check valves, test cocks and relief 
valve, all assembled as an integral unit. 

2. Backflow preventer to have threaded ends in sizes through 2 IN, flanged 2-
1/2 IN and larger. 

3. Pressure loss through backflow preventer not exceeding 14 psi at design 
flow. 

4. Provide air gap and pipe discharge to within 6 IN of finished floor. 

2.5 FLAP GATE VALVES 

A. Water: 

1. Acceptable manufacturers: 

a. Waterman. 

b. Hydrogate. 

c. Rodney Hunt. 

2. Materials: 

a. Frame and cover:  Cast ASTM A-126, Class B or Ductile Iron. 

b. Pivot Lug: Ductile Iron ASTM A-536 

c. Bushings: Bronze ASTM B-584 

d. Assembly Hardware:  Stainless Steel Type 316. 

3. Design requirements: 

a. Flat gate shall be heavy duty circular opening with a flat back frame 
with ANSI 125 lb standard drilling bolt circle for attachment to a 
concrete wall or pipe flange.  

b. Seating head up to 50 ft. 

c. Seat shall be cast off vertical to assist in positive closure of the cover. 

d. Cover shall be cast in one piece with necessary reinforcing ribs 
designed to withstand the specified seating head. 

e. All cast or ductile iron shall be protected by application of a water 
resistant, rust-preventative paint or compound. 

2.6 ACCESSORIES 

A. Furnish any accessories required to provide a completely operable valve. 

2.7 FABRICATION 

A. Completely shop assemble unit including any interconnecting piping, speed 
control valves, control isolation valves and electrical components. 
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B. Provide internal epoxy coating suitable for potable water for all iron body valves 
in accordance with AWWA C550. 

2.8 MAINTENANCE MATERIALS 

A. Provide one (1) set of any special tools or wrenches required for operation or 
maintenance for each type valve. 

B. Spare parts 

1. Spare parts shall be identical in every aspect with the original parts.  Each 
part shall be securely tagged and clearly identified as "SPARE".  All spare 
parts shall be suitably packaged for long term storage.  Protect and store 
spare parts in location as directed by Owner’s Representative. Spare parts 
provided will include, but are not limited to: 

a. Pressure relief valve: Repair kit for main valve and CRL pressure relief 
control. 

b. Pressure reducing valves: Repair lit for main valve and CRD pressure 
reducing control. 

c. Air/Vacuum valve: Cover gasket, seat. 

d. Air release valve: Cover gasket, needle 

e. Slow closing air and vacuum valve: Gasket, seat 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. General:  See Specification Section 40 05 05 and Specification Section 40 05 
23. 

B. Air Release, Vacuum Relief, and Pressure Relief Valves: 

1. Pipe exhaust to a suitable disposal point. 

2. Where exhausted to a trapped floor drain, terminate exhaust line 6 IN 
minimum above floor. 

3.2 FIELD QUALITY CONTROL 

A. Clean, inspect, and operate valve to ensure all parts are operable and valve 
seats properly. 

B. Check and adjust valves and accessories in accordance with manufacturer's 
instructions and place into operation. 

END OF SECTION 
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SECTION 40 79 81

PUMP OPTIMIZATION MONITORING AND CONTROL

PART 1 GENERAL

1.1 SCOPE OF WORK

 Furnish all labor, equipment, materials, and appurtenances required to deliver

and install equipment and services to perform automated pump station control

and monitoring for the existing Station. The technology shall enable routine,

automated pump testing to track pump condition over time for enhanced

maintenance scheduling and decision-making. The technology shall continually

compute the most efficient combinations of pumps and speeds to maximize

energy efficiency while meeting flow and pressure demands. The technology

shall ensure that all the pumps are operated within their Preferred Operating

Range (POR) to extend pump life.

 The work under this contract includes equipment and services necessary to

initiate the Optimization of 4 horizontal split case pumps. The continuing

monitoring and control services will be compensated under direct contract

between WHCRWA and Specific Energy.

1.2 MEASUREMENT AND PAYMENT

 No separate payment will be made for work performed under this Section.

Include the cost for this work in the Lump Sum on the Bid Pricing Form.

1.3 RELATED WORK

 Instrumentation and control work, and system architecture, except as specified

herein, is included in Division 40 and further defined in the Piping and

Instrumentation Drawings (P&IDs).

 Instrumentation and Controls Testing is included in Section 40 90 00

“Instrumentation for Process Control:  Basic Requirements”.

 Electrical work is included in Division 26.
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1.4 SUBMITTALS

 Submit to the Engineer shop drawings of all items and accessories in accordance

with the requirements of Section 01 33 00 “Submittals”.

 Comply with the requirements of Section 40 90 00 “Instrumentation for Process

Control:  Basic Requirements”.

 Submittals shall include:

 Product Data

 Submit manufacturer’s product data

 Record Documents:

 Shop Drawings are required, with the following:

 Control Panel Elevation drawings showing dimensional information.

 Structural descriptions showing:

 Enclosure ratings

 Other information as required for approval

 Power and control connection diagram(s) including conduit locations

 Schematic wiring diagrams

1.5 REFERENCE STANDARDS

 The latest published edition of a reference shall be applicable unless identified

by a specific edition date.

 All reference amendments adopted prior to the effective date of this Contract shall

be applicable to this Project.

 All materials, installation, and workmanship shall comply with the applicable

requirements and standards addressed within the following references:

 ANSI/NEMA ICS 6 – Enclosures for Industrial Controls and Systems

 NEMA 250 – Enclosures for Electrical Equipment

 NEMA ICS 2 – Industrial Control Devices, Controllers, and Assemblies

 NFPA 70 – National Electrical Code
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1.6 VENDOR QUALIFICATION

 Vendor Qualifications:  All primary equipment and services specified in this

section shall be supplied by a single vendor with a minimum of four (4) years’

experience in pump monitoring and control for water pump stations. When

requested by the engineer, an acceptable list of installations with similar

equipment shall be provided demonstrating compliance with this requirement.

1.7 DEFINITIONS

 Commission – To verify that the equipment is installed correctly and able to

perform the desired functions.

 PLC – Programmable Logic Controller. A computer that may be programmed to

automate electromechanical processes. A PLC may be used at a pump station

to start and stop pumps based on station conditions.

 AFD – Adjustable Frequency Drive. Electrical power equipment that may be used

to drive the motor of a pump. An AFD can vary the frequency of power provided

to a pump’s motor to vary the pump’s speed.

 PHI – Pump Health Index. The ratio of a pump’s tested peak efficiency to factory

peak efficiency.

 SCADA – Supervisory Control and Data Acquisition.

 PCSS – Process Control System Supplier. The PCSS is responsible for

furnishing and installing all materials, equipment, labor and services, required to

achieve a fully integrated and operational system.

 AESS - Applications Engineering System Supplier. The AESS is responsible for

programming the affected existing PLCs and HMI as required to implement the

pumping system improvements.

 Specific energy – A metric defined as the ratio of the units of energy required by

a process to the amount of work performed by the process or the amount of

product that the process produces. For water systems, it is convenient to use

units of kilowatt-hours per million gallons of water (kWh/MG).
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1.8 WARRANTY

 Vendor shall replace, at no cost to owner, any physical equipment or components

that fail during first 24 months of licensed service from date of Substantial

Completion.

PART 2 PRODUCTS

2.1 VENDORS

 The pump station monitoring and control equipment and services, as specified in

this section, shall be the Dynamic Pump Optimizer (DPO) hardware and software

as supplied by Specific Energy, Inc. (specificenergy.com), Georgetown, Texas,

or Engineer approved equal.

2.2 GENERAL

 The equipment and services shall perform pump station monitoring and control

functions.

 The equipment shall be an edge device with an analytics platform designed

to be installed at a pump station. The edge device shall communicate with an

existing PLC to collect high resolution data. Operators shall be able to

monitor their pump station through a web interface and make informed

operating decision or configure constraints to allow the equipment to

automatically optimize station operation.

 Results from pump station monitoring and control functions shall be presented

via a graphical operator interface that is independent of plant’s SCADA system.

2.3 EQUIPMENT

 Vendor shall furnish an edge device with pre-programmed analytics platform for

pump station monitoring and control as well as a cellular modem.

 Vendor shall furnish a communication antenna with suitable cables and

connectors that will be installed by the Contractor.
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2.4 PUMP MONITORING AND CONTROL FUNCTIONS

 User Interface

 The graphical operator interface shall be web-accessible and optimized for

smartphone use. There are no licensing restrictions for 1,000 concurrent

users.

 Pump Tests and Curves

 Operators shall be able to perform accurate, repeatable pump tests using the

operator interface with no additional hardware required. Pumps driven by

AFDs shall have automatic pump tests where the AFD slowly ramps down

the speed of the pump. Pumps with soft start or constant speed drives require

the operator to follow the instructions from the operator interface to

intermittently close the discharge valve.

 The tested pump head and efficiency curves shall be plotted on the same

graphical interface as the factory pump head and efficiency curves. The

pump curve graphical interface shall also include the running pump head and

efficiency curves, with the current operating point plotted on each of the

curves. Operators shall be able to query the pump curve graphical interface

to where the pump has operated on its curve historically.

 Each pumps’ PHI shall be calculated and displayed on a graphical interface

to demonstrate how the pump health has changed over time.

 Model-Based Control

 The equipment shall calculate predicted flow, discharge pressure, specific

energy, and power consumption for each combination of pumps over a range

of operating speeds.

 The graphical operator interface shall display the calculated total flow, per-

pump flows, discharge pressure, specific energy, and power data.

 Operators shall use the operator interface to set system constraints.

Constraints may be related to flow, pressure, tank levels, or power (including

peak power limit, time of day, and demand charges).

 The equipment shall determine the set of pumps and speeds that will operate

the pump station at minimal specific energy while satisfying the operator-

defined system constraints. The equipment will only provide sets of pumps

and speeds that keep all pumps within their PORs.

 The equipment shall provide the PLC with recommended set of pumps

and speeds that will operate the pump station at minimal specific energy

for the current set of operational constraints.
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 The equipment shall display the pumps and speeds that will operate the

pump station at minimal specific energy for the current set of operational

constraints on the graphical operator interface.

 The equipment shall automatically update the solution of pumps and

speeds as the solution changes based on recalibration due to changing

system conditions.

 Asset Management

 Each month, the equipment shall go through the hourly flow and pressure

data and compute the 12-month energy consumption with the current pumps.

The equipment shall then simulate 12-month energy consumption with

repaired pumps. The equipment shall use the change in energy consumption

between using the current versus repaired pump to calculate the Net Present

Value and Return on Investment for each pump.

 The equipment shall generate a monthly station report that includes a report

card on each pump, including each pump’s tested pump curves and PHI,

where the pump ran on its curve over the past month, and the pump’s repair

Net Present Value and Return on Investment. These station reports shall be

available through the operator interface as well as emailed to a list of email

addresses provided by the Owner.

 Alarms

 Operators shall receive configurable text message alarms as soon as

conditions arise. Text messages shall be configurable to coincide with

operators’ shift schedules.

PART 3 EXECUTION

3.1 INSTALLATION

 Prior to providing equipment to Contractor, Vendor shall individually test each

piece of equipment.

 Contractor shall install Vendor’s DIN-rail mountable equipment inside existing

PLC cabinet.

 Contractor shall furnish and install power and communication wiring between the

Vendor’s equipment and the PLC.
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 Contractor shall furnish and install any additional security layers between the

Vendor’s equipment and PLC, such as a physical Ethernet firewall or a third-party

industrial communication gateway, with all necessary wiring or Engineer

approved equal.

 Contractor shall furnish and install a dedicated 15A circuit breaker wired from or

through the PLC cabinet to supply power to the Vendor’s equipment.

 The Contractor shall mount the Vendor’s cellular antenna on top of the PLC

cabinet or on the exterior of the building as shown on the Drawings, making the

connection using antenna cable and connectors provided by the Vendor.

3.2 COMMUNICATION

 Vendor shall configure one or both of the following, if specified:

 Ethernet Firewall. The firewall shall be configured to allow no incoming

connections from the Wide Area Network and shall have no configured VPN.

There shall be a single permitted connection from the Local Area Network

that allows the PLC’s IP address on a specific port to connect to the Vendor’s

equipment’s IP address on a specific port.

 Third-party Industrial Communication Gateway.  The Gateway shall be locally

preprogrammed to relay a limited set of PLC register values between the PLC

and the Vendor’s equipment.  There shall be two separate physical network

connections – the first connection shall be used to poll the PLC’s predefined

set of registers, and the second connection shall relay register values to the

Vendor’s equipment.

 The equipment shall communicate with the Pump Station PLC to receive real-

time flow, pressure, power, and pump operation commands and speeds.

Contractor’s AE or AESS shall configure the PLC to establish a TCP

(Transmission Control Protocol) connection to the Vendor’s equipment through

the Ethernet Security Module, Third-party Industrial Communication Gateway, or

both.

 Contractor’s PCSS or AESS shall configure the PLC to write the following values

to the Vendor’s equipment at least once per second:

 Ground Storage Tank levels (CPS-05-GST1-LIT-01001 and

CPS-05-GST2-LIT-02001) and open status (CPS-05-GST1-BFV-01003 and

CPS-05-GST2-BFV-02003)

 Pump Station Suction Pressure measured by a pressure transmitter on the

common pump suction header (CPS-01-S-PIT-01001).
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 Station Discharge Pressure measured by a pressure transmitter on the pump

discharge header (CPS-03-HSP6-PIT-06001).

 Station Flow measured as a summation of flow transmitters on the pump

discharge headers (CPS-03-HSP1-FIT-01001, CPS-03-HSP2-FIT-02001,

CPS-03-HSP3-FIT-03001, CPS-03-HSP4-FIT-04001).

 Running status for each pump (from respective AFDs).

 For each pump’s AFD

 AFD Input power

 AFD Actual Speed

 AFD At Speed Status

 AFD Fault status

 Discharge Pressure setpoint

 Contractor’s PCSS or AESS shall configure the PLC to read the following values

from the Vendor’s equipment at least once a second:

 Start request for each pump

 For each pump with a AFD, AFD Requested Speed

 Current Station Specific Energy Consumption

 Percent of Optimal Specific Energy Consumption

 Specific Energy Deviation Cost in Dollars Per Year

 Prior to PLC configuration, the Contractor’s AE and Vendor shall conduct a

workshop to coordinate data transfer and register between the PLC and Vendor’s

equipment.

3.3 DATA COLLECTION, TRANSMISSION, AND STORAGE

 Data Collection

 Data shall be collected from the PLCs and AFDs at one-second or better

resolution.  Refer to section 3.2 C and D for a list of logged values. The

equipment can be configured to log additional points as requested by the

Owner.

 Data Transmission

 Data shall be transmitted using cellular communications over existing,

redundant commercial networks.
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 Data Storage

 The equipment shall transmit operating data to a remote, secure server in a

HIPAA-compliant colocation facility to be stored in a historical database.

 In the case that a connection is lost to the database, the equipment shall

store data locally until the connection is reestablished and the data can be

resynchronized.

 The stored data shall be available to view on the graphical operator interface.

 The stored data shall be available to download as a comma-separated values

(CSV) file.

 The data shall be stored indefinitely for the Owner’s access during service

contract term.

3.4 PUMP TESTING

 Upon completion of new pump control valves, AFDs, pump discharge piping

modifications and associated improvement works, and successful demonstration

of a functional pump and valve system, pump testing shall be conducted.

 Vendor shall conduct initial pump testing to acquire pump test curves for each

pump after completion of the installation. Vendor will coordinate with the Owner

to generate test data suitable for calculating initial pump test curves while

satisfying the station’s pressure constraints.

 Vendor will coordinate with the Owner to run each AFD pump against every

other pump at three different speeds in remote manual mode. Each speed

must differ by at least 5 Hz from the previous speeds.

 The pump testing shall consist of operating a given pump at a range of

operating points on its pump curve while collecting total pump station flow,

suction header pressure, discharge header pressure, and per-pump power

data at each operating point. The collected data shall be used to form head

versus flow and efficiency versus flow curves for each pump.

 Subsequent to pump testing, the Vendor’s graphical operator interface shall

display results of pump tests for each pump in the pump station.

 Based upon system constraints, pump test curves shall be automatically

recomputed every 120 days using the system operation data. If needed, the

Vendor may periodically coordinate with the Owner to collect additional test data

to calculate updated pump curves.
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3.5 SUPPORT

 Vendor shall provide software updates to improve asset management and

optimization functions and add new features for the duration of licensed service.

 Vendor shall provide up to two (2) web-based operator training sessions after

completion of the installation. Additional web-based or on-site training sessions

may be provided by Vendor under a separate agreement with the Owner if

desired by the Owner.

 Vendor shall provide first 12 months of maintenance and support with the original

installation.

 Vendor shall provide unlimited support during regular business hours (Monday

through Friday, 8AM to 5PM CT).

 Vendor shall provide free automatic software upgrades, security patches, and

bug fixes.

 Supervised equipment installation and provision of on-site support services for

the duration of licensed service shall be provided by Vendor under a separate

agreement with the Owner if desired by the Owner.

 Subsequent support and maintenance shall be provided by Vendor under a

separate agreement with the Owner if desired by the Owner.

3.6 SECURITY

 Secure Authentication

 The equipment shall include access control policies and procedures,

including:

 Unique user ID for each user

 Password for each user with a system to ensure password strength

 Certificate based authentication

 Two-factor authentication

 Passwords securely stored as SHA-256 hashes

 Data Protection

 Servers used for data storage shall be located in a HIPAA-certified facility.

 The equipment shall encrypt all communication that extends beyond the

Owner’s local network.

 The equipment shall have redundant backups of all stored data.
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 Monitoring and Updating

 The Vendor shall follow the NIST Cybersecurity framework and log and

monitor all access to the data. The Vendor shall perform regular security

audits and all equipment shall receive the latest security updates.

 Defense

 The equipment shall have strict firewalls and be protect with encrypted RSA-

2048 public/private key pairs.

3.7 EQUIPMENT AND SERVICE COMMISSIONING

 Vendor shall provide qualified and trained personnel to remotely ensure the

equipment has been installed properly and in accordance with Vendor's

recommendations. Subsequent to a satisfactory installation, Vendor shall

commission the equipment and service shall begin.

 On-site installation support shall be provided by Vendor under a separate

agreement with the Owner if desired by the Owner.

END OF SECTION
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SECTION 40 90 00

INSTRUMENTATION FOR PROCESS CONTROL:  BASIC REQUIREMENTS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Basic requirements for complete instrumentation system for process control
including be not limited to the attached 40 90 00 Appendix A PMCS of this
specification..

B. Related Sections

1. Section 01 75 00 – Facility Start Up

2. Section 10 14 00 – Identification Devices

3. Section 26 05 19 – Wire and Cable 600 volts and below

4. Section 40 98 00 – Control Panels and Enclosures

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. Canadian Standards Association (CSA).

2. FM Global (FM).

3. The International Society of Automation (ISA):

a. 7.0.01, Quality Standard for Instrument Air.

b. S5.1, Instrumentation Symbols and Identification.

c. S5.3, Graphic Symbols for Distributed Control/Shared Display
Instrumentation, Logic and Computer Systems.

d. S5.4, Standard Instrument Loop Diagrams.

e. S20, Standard Specification Forms for Process Measurement and
Control Instruments, Primary Elements and Control Valves.

4. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).
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5. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).

6. National Institute of Standards and Technology (NIST).

7. Underwriters Laboratories, Inc. (UL):

a. 913, Standard for Safety, Intrinsically Safe Apparatus and Associated
Apparatus for Use in Class I, II, and III, Division 1, Hazardous
(Classified) Locations.

1.4 DEFINITIONS

A. Architecturally finished area:  Offices, laboratories, conference rooms,
restrooms, corridors and other similar occupied spaces.

B. Non-architecturally Finished Area:  Pump, chemical, mechanical, electrical
rooms and other similar process type rooms.

C. Hazardous Areas:  Class I, II or III areas as defined in NFPA 70.

D. Highly Corrosive and Corrosive Areas:  Rooms or areas identified on the
Drawings where there is a varying degree of spillage or splashing of corrosive
materials such as water, wastewater or chemical solutions; or chronic exposure
to corrosive, caustic or acidic agents, chemicals, chemical fumes or chemical
mixtures.

E. Outdoor Area:  Exterior locations where the equipment is normally exposed to
the weather and including below grade structures, such as vaults, manholes,
handholes and in-ground pump stations.

F. Instrument Air Header:  The segment of air supply piping and tubing which
transports air from the compressed instrument air source through the branch
isolation valve of any takeoff (branch) line.

G. Branch Line:  The segment of air supply piping and tubing which transports air
from the outlet of the air header branch isolation valve through an air user's
isolation valve.

H. Intrinsically Safe Circuit:  A circuit in which any spark or thermal effect is
incapable of causing ignition of a mixture of flammable or combustible material
in air under test conditions as prescribed in UL 913.

I. Calibrate:  To standardize a device so that it provides a specified response to
known inputs.

1.5 SYSTEM DESCRIPTION

A. Control System Requirements:

1. This Specification Section provides the general requirements for the
instrument and control system.
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2. The instrument and control system consists of all primary elements,
transmitters, switches, controllers, computers, recorders, indicators, panels,
signal converters, signal boosters, amplifiers, special power supplies,
special or shielded cable, special grounding or isolation, auxiliaries,
software, wiring, and other devices required to provide complete control of
the plant as specified in the Contract Documents.

B. All signals shall be directly linearly proportional to measured variable unless
specifically noted otherwise.

1.6 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. Submittals shall be original printed material or clear unblemished
photocopies of original printed material.

a. Facsimile information is not acceptable.

3. Limit the scope of each submittal to one (1) Specification Section.

a. Each submittal must be submitted under the Specification Section
containing requirements of submittal contents.

4. Product technical data including:

a. Acknowledgement that products submitted meet requirements of
standards referenced.

b. Equipment catalog cut sheets.

c. Instrument data sheets:

1) ISA S20 or approved equal.

2) Separate data sheet for each instrument.

d. Materials of construction.

e. Minimum and maximum flow ranges.

f. Pressure loss curves.

g. Physical limits of components including temperature and pressure
limits.

h. Size and weight.

i. Electrical power requirements and wiring diagrams.

j. NEMA rating of housings.

k. Submittals shall be marked with arrows to show exact features to be
provided.

l. Provide copy of factory calibration results and a unique calibration
curve for each flowmeter.

5. Loop diagrams in accordance with ISA S5.4.
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6. Process connected instrument installation details containing the following
minimum information:

a. Bill of materials providing as a minimum the following information:

1) Tube material and size.

2) Connection size.

3) Fitting size, material, and rating.

4) Valve type and material.

5) Instrument description.

6) Pipe stand size and material.

b. Tube slope requirements.

c. Required elevations and dimensions.

7. Comprehensive set of wiring diagrams.

8. Panel fabrication drawings.

9. Process Monitoring and Control system equipment drawings.

10. HMI graphics.

11. Nameplate layout drawings.

12. Drawings, systems, and other elements are represented schematically in
accordance with ISA S5.1 and ISA S5.3.

a. The nomenclature, tag numbers, equipment numbers, panel numbers,
and related series identification contained in the Contract Documents
shall be employed exclusively throughout submittals.

13. All Shop Drawings shall be modified with as-built information/corrections.

14. All panel and wiring drawings shall be provided in both hardcopy and
softcopy.

a. Furnish electronic files on CD-ROM or DVD-ROM media.

b. Drawings in AutoCADformat.

15. Provide a parameter setting summary sheet for each field configurable
device.

16. Certifications:

a. Documentation verifying that calibration equipment is certified with
NIST traceability.

b. Approvals from independent testing laboratories or approval agencies,
such as UL, FM or CSA.

1) Certification documentation is required for all equipment for which
the specifications require independent agency approval.

17. Testing reports:  Source quality control reports.
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B. Operation and Maintenance Manuals:

1. See Specification Section 01 33 00 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

2. Warranties:  Provide copies of warranties and list of factory authorized
service agents.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Do not remove shipping blocks, plugs, caps, and desiccant dryers installed to
protect the instrumentation during shipment until the instruments are installed
and permanent connections are made.

1.8 SITE CONDITIONS

A. Unless designated otherwise on the Drawings, area designations are as
follows:

1. Outdoor area:

a. Wet.

b. Corrosive and/or hazardous when specifically designated on the
Drawings or in the Specifications.

c. Below grade vaults and manholes:

1) Subject to temporary submergence when specifically designated on
the Drawings or Specifications.

2. Architecturally finished area:

a. Dry.

b. Noncorrosive unless otherwise specified or shown on Drawings.

c. Nonhazardous unless otherwise specified or shown on Drawings.

3. Non-architecturally finished area:  As designated elsewhere on the
Drawings or Specifications.

PART 2 - PRODUCTS

2.1 NEMA TYPE REQUIREMENTS

A. Provide enclosures/housing for control system components in accordance with
the following:

1. Areas designated as wet:  NEMA Type 4.

2. Areas designated as wet and/or corrosive:  NEMA Type 4X.

3. Areas designated as Class I hazardous, Groups A, B, C, or D as defined in
NFPA 70:
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a. NEMA Type 7 unless all electrical components within enclosure utilize
intrinsically safe circuitry.

1) Utilize intrinsically safe circuits to the maximum extent practical and
as depicted in the Contract Documents.

4. Areas designated as Class II hazardous, Groups E, F, or G as defined in
NFPA 70:

a. NEMA Type 9 unless all electrical components within enclosure utilize
intrinsically safe circuitry.

1) Utilize intrinsically safe circuits to the maximum extent practical and
as depicted in the Contract Documents.

5. Either architecturally or non-architecturally finished areas designated as
dry, noncorrosive, and nonhazardous:  NEMA Type 12.

6. Areas designated to be subject to temporary submersion:  NEMA 6P.

2.2 PERFORMANCE AND DESIGN REQUIREMENTS

A. System Operating Criteria:

1. Stability:  After controls have taken corrective action, as result of a change
in the controlled variable or a change in setpoint, oscillation of final control
element shall not exceed two (2) cycles per minute or a magnitude of
movement of 0.5 percent full travel.

2. Response:  Any change in setpoint or change in controlled variable shall
produce a corresponding corrective change in position of final control
element and become stabilized within 30 seconds.

3. Agreement:  Setpoint indication of controlled variable and measured
indication of controlled variable shall agree within 3 percent of full scale
over a 6:1 operating range.

4. Repeatability:  For any repeated magnitude of control signal, from either an
increasing or decreasing direction, the final control element shall take a
repeated position within 0.5 percent of full travel regardless of force
required to position final element.

5. Sensitivity:  Controls shall respond to setpoint deviations and measured
variable deviations within 1.0 percent of full scale.

6. Performance:  All instruments and control devices shall perform in
accordance with manufacturer's specifications.

2.3 ACCESSORIES

A. Provide identification devices for instrumentation system components in
accordance with Specification Section 10 14 00.
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B. Provide corrosion resistant spacers to maintain 1/4 IN separation between
equipment and mounting surface in wet areas, on below grade walls and on
walls of liquid containment or processing areas such as Clarifiers, Digesters,
Reservoirs, etc.

PART 3 - EXECUTION

A. Wherever feasible, use bottom entry for all conduit entry to instruments and
junction boxes.

B. Install electrical components per Division 26.

C. Panel-Mounted Instruments:

1. Mount and wire so removal or replacement may be accomplished without
interruption of service to adjacent devices.

2. Locate all devices mounted inside enclosures so terminals and adjustment
devices are readily accessible without use of special tools and with terminal
markings clearly visible.

D. Comply with the requirements of Section 26 05 19 “Wire and Cable 600 volts
and below”.

3.2 FIELD QUALITY CONTROL

A. Comply with the requirements of Section 01 75 00 “Facility Start Up”.

B. Maintain accurate daily log of all start-up activities, calibration functions, and
final setpoint adjustments.

1. Documentation requirements include the utilization of the forms located at
the end of this Specification Section.

a. Loop Check-out Sheet.

b. Instrument Certification Sheet.

c. Final Control Element Certification Sheet.

C. In the event that instrument air is not available during calibration and testing,
supply either filtered, dry, instrument quality air from a portable compressor or
bottled, dry, instrument quality air.

1. Do not, under any circumstances, apply hydrostatic test to any part of the
air supply system or pneumatic control system.

D. Pneumatic Signal Tubing Testing:

1. Before the leak test is begun, blow clean with dry air.

2. Test signal tubing per ISA 7.0.01, except for tubing runs of less than 10 FT
where simple soap bubble testing will suffice.

3. If a leak is detected, repair the leak and repeat the leak test.

4. After completion of the leak test, check each signal line for obstructions.
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a. If any are indicated, remove and retest.

E. Instrumentation Calibration:

1. Verify that all instruments and control devices are calibrated to provide the
performance required by the Contract Documents.

2. Calibrate all field-mounted instruments, other than local pressure and
temperature gages, after the device is mounted in place to assure proper
installed operation.

3. Calibrate in accordance with the manufacturer's specifications.

4. Bench calibrate pressure and temperature gages.

a. Field mount gage within seven (7) days of calibration.

5. Check the calibration of each transmitter and gage across its specified
range at 0, 25, 50, 75, and 100 percent.

a. Check for both increasing and decreasing input signals to detect
hysteresis.

6. Replace any instrument which cannot be properly adjusted.

7. Stroke control valves with clean dry air to verify control action, positioner
settings, and solenoid functions.

8. Calibration equipment shall be certified by an independent agency with
traceability to NIST.

a. Certification shall be up-to-date.

b. Use of equipment with expired certifications shall not be permitted.

9. Calibration equipment shall be at least three (3) times more accurate as the
device being calibrated.

F. Loop check-out requirements are as follows:

1. Check control signal generation, transmission, reception and response for
all control loops under simulated operating conditions by imposing a signal
on the loop at the instrument connections.

a. Use actual signals where available.

b. Closely observe controllers, indicators, transmitters, HMI displays,
recorders, alarm and trip units, remote setpoints, ratio systems, and
other control components.

1) Verify that readings at all loop components are in agreement.

2) Make corrections as required.

a) Following any corrections, retest the loop as before.

2. Stroke all control valves, cylinders, drives and connecting linkages from the
local control station and from the control room operator interface.

3. Check all interlocks to the maximum extent possible.
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4. In addition to any other as-recorded documents, record all setpoint and
calibration changes on all affected Contract Documents and turn over to the
Owner.

G. Provide verification of system assembly, power, ground, and I/O tests.

H. Verify existence and measure adequacy of all grounds required for
instrumentation and controls.

END OF SECTION
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Project Name: Owner’s Project No. (if applicable): Page 1 of 2

Project Owner: Regulatory Agency Project No. (if applicable):

Project No.: Date:

Control Loop No.

LEAK AND TERMINATION/CONTINUITY CHECKS

FIELD CONTROL CAB
DESCRIPTION LEAK CHECK(1) TERM/CONT CHECK(2) TERM/CONT CHECK(2)

Device Tag
No.

Process
Conn.

Signal
Tube

Device Tag
No.

Termination
Ident.

Device Tag
No.

Termination
Ident.

1. Leak check for pneumatic signal tubing to be per ISA-PR7.1.

2. Termination/continuity check includes check at terminated equipment for:  (a) correct polarity, (b) appropriate signal generation,
transmission and reception, and (c) correct shield & ground terminations.

OPERATOR INTERFACE CHECK-OUT

MONITORING POINTS OBSERVED

PARAMETER TYPE TAG NO. TAG NO. TAG NO. TAG NO. TAG NO. TAG NO.

OPERATOR CONTROL FUNCTIONS CHECKED

FUNCTION TYPE TAG NO. LOCATION TAG NO. LOCATION TAG NO. LOCATION

AS LEFT SETTINGS

TAG NO. SWITCH & ALARM SP CONTROLLERS

Gain Reset, rpm Deriv. (rate), min PV Set Point

Describe all interlocks checked, equipment started/stopped, valves/operators stroked.  Describe modes of operation checked, and
location of operator interface (local/remote).

(1

I certify that the control loop referenced on this page has been completely checked and functions in accordance with applicable
drawings and specifications.

Certified by: J Date:

(Work Performed By)
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Project Name: Owner’s Project No. (if applicable): Page 2 of 2

Project Owner: Regulatory Agency Project No. (if applicable):

Project No.: Date:

Control Loop No.

LEAK AND TERMINATION/CONTINUITY CHECKS

FIELD CONTROL CAB

DESCRIPTION LEAK CHECK(1) TERM/CONT CHECK(2) TERM/CONT CHECK(2)

Device Tag
No.

Process
Conn.

Signal
Tube

Device Tag
No.

Termination
Ident.

Device Tag
No.

Termination
Ident.

1. Leak check for pneumatic signal tubing to be per ISA-PR7.1.
2. Termination/continuity check includes check at terminated equipment for:  (a) correct polarity, (b) appropriate signal generation, transmission

and reception, and (c) correct shield & ground terminations.

OPERATOR INTERFACE CHECK-OUT

MONITORING POINTS OBSERVED

PARAMETER TYPE TAG NO. TAG NO. TAG NO. TAG NO. TAG NO. TAG NO.

PROCESS VAR

EQUIP STATUS

ALARM POINT

OPERATOR CONTROL FUNCTIONS CHECKED

FUNCTION TYPE TAG NO. LOCATION TAG NO. LOCATION TAG NO. LOCATION

AS LEFT SETTINGS

TAG NO. SWITCH & ALARM SP CONTROLLERS

Gain Reset, rpm Deriv. (rate), min PV Set Point

Describe all interlocks checked, equipment started/stopped, valves/operators stroked.  Describe modes of operation checked, and
location of operator interface (local/remote).

 Checked terminations and verified indications shown above.

I certify that the control loop referenced on this page has been completely checked and functions in accordance with applicable
drawings and specifications.

Certified by: Date:

(Work Performed By)
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Project Name: Owner’s Project No. (if applicable): Page       of

Project Owner: Regulatory Agency Project No. (if applicable):

Project No.: Date:

LEAK AND TERMINATION/CONTINUITY CHECKS

FIELD CONTROL CAB

DESCRIPTION LEAK CHECK(1) TERM/CONT CHECK(2) TERM/CONT CHECK(2)

Device Tag

No.

Process

Conn.

Signal

Tube

Device Tag

No.

Termination

Ident.

Device Tag

No.

Termination

Ident.

1. Leak check for pneumatic signal tubing to be per ISA-PR7.1.
2. Termination/continuity check includes check at terminated equipment for:  (a) correct polarity, (b) appropriate signal generation,

transmission and reception, and (c) correct shield & ground terminations.

OPERATOR INTERFACE CHECK-OUT

MONITORING POINTS OBSERVED

PARAMETER TYPE TAG NO. TAG NO. TAG NO. TAG NO. TAG NO. TAG NO.

PROCESS VAR

EQUIP STATUS

ALARM POINT

OPERATOR CONTROL FUNCTIONS CHECKED

FUNCTION TYPE TAG NO. LOCATION TAG NO. LOCATION TAG NO. LOCATION

AS LEFT SETTINGS

TAG NO. SWITCH & ALARM SP CONTROLLERS

Gain Reset, rpm Deriv. (rate), min PV Set Point

Describe all interlocks checked, equipment started/stopped, valves/operators stroked.  Describe modes of operation checked, and
location of operator interface (local/remote).

I certify that the control loop referenced on this page has been completely checked and functions in accordance with applicable
drawings and specifications.

Certified by: Date:
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Project Name: Owner’s Project No. (if applicable):

Project Owner:
Regulatory Agency Project No. (if
applicable):

Project No. Date:

Control Loop No.:

Instrument Tag No. Transmitter/gauge span:

Manufacturer:

Model No.

Serial No.

TRANSMITTERS AND INDICATORS

INCREASING INPUT DECREASING INPUT

% OF SPAN INPUT OUTPUT
ERROR

(% of span)
INPUT OUTPUT

ERROR
(% of span)

0%

25%

50%

75%

100%

Other (if applicable)

Other (if applicable)

SWITCHES

INCREASING INPUT DECREASING INPUT

ACTUATION POINT INPUT OUTPUT
ERROR

(% of range)
INPUT OUTPUT

ERROR
(% of range)

High (Increasing input)

Low (Decreasing input)

Maximum allowable error (per Contract Documents): 1\

Remarks:

CALIBRATION EQUIPMENT UTILIZED

DEVICE TYPE MFR/MODEL NO. ACCURACY NIST TRACEABILITY?

Temperature (dry block)

calibrator

Certified by: Date Certified:
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Project Name: Owner’s Project No. (if applicable):

Project Owner:
Regulatory Agency Project No. (if
applicable):

Project No. Date: 12/19/2017

Control Loop No.:

Instrument Tag No. Transmitter/gauge span:

Manufacturer: Switch set-point:

Model No. Switch dead band:

Serial No. Switch range:

TRANSMITTERS AND INDICATORS

INCREASING INPUT DECREASING INPUT

% OF SPAN INPUT OUTPUT
ERROR

(% of span)
INPUT OUTPUT

ERROR
(% of span)

0%

25%

50%

75%

100%

Other (if applicable)

Other (if applicable)

SWITCHES

INCREASING INPUT DECREASING INPUT

ACTUATION POINT INPUT OUTPUT
ERROR

(% of range)
INPUT OUTPUT

ERROR
(% of range)

High (Increasing input)

Low (Decreasing input)

Maximum allowable error (per Contract Documents): 0.15% span

Remarks: Adjusted zero-otherwise no adjustments required

CALIBRATION EQUIPMENT UTILIZED

DEVICE TYPE MFR/MODEL NO. ACCURACY NIST TRACEABILITY?

Certified by: Date Certified:
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Project Name: Owner’s Project No. (if applicable):

Project Owner: Regulatory Agency Project No. (if applicable):

Project No. Date:

Control Loop No.:

Instrument Tag No. Transmitter/gauge span:

Manufacturer: Switch set-point:

Model No. Switch dead band:

Serial No. Switch range:

TRANSMITTERS AND INDICATORS

INCREASING INPUT DECREASING INPUT

% OF SPAN INPUT OUTPUT
ERROR

(% of span)
INPUT OUTPUT

ERROR
(% of span)

0%

25%

50%

75%

100%

Other (if applicable)

Other (if applicable)

SWITCHES

INCREASING INPUT DECREASING INPUT

ACTUATION POINT INPUT OUTPUT
ERROR

(% of range)
INPUT OUTPUT

ERROR
(% of range)

High (Increasing input)

Low (Decreasing input)

Maximum allowable error (per Contract Documents):  __________________________________________

Remarks:  _____________________________________________________________________________
 _____________________________________________________________________________________
 _____________________________________________________________________________________

CALIBRATION EQUIPMENT UTILIZED
DEVICE TYPE MFR/MODEL NO. ACCURACY NIST TRACEABILITY?

Certified by: Date Certified:
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Project Name: Owner’s Project No. (if applicable):

Project Owner: Regulatory Agency Project No. (if applicable):

Project No. Date:

Control Loop No.:

Actuator: Pneumatic:  Electric:

Tag No. Positioner: Direct:  Reverse: ________

Description: Positioner: Input:  Output:

Manufacturer: I/P Converter: Input:  Output:

Model No. Valve to  on air failure

Serial No. Valve to  on power failure

I/P CONVERTER

INCREASING INPUT DECREASING INPUT

% OF SPAN INPUT OUTPUT
ERROR

(% of span)
INPUT OUTPUT

ERROR
(% of span)

0%

25%

50%

75%

100%

Specified I/P converter accuracy: 0.50%  % of span.

FINAL CONTROL ELEMENT

INCREASING INPUT DECREASING INPUT

% OF SPAN INPUT TRAVEL

ERROR

(% of full
travel)

INPUT TRAVEL

ERROR

(% of full
travel)

0%

25%

50%

75%

100%

Remarks: LCV-056A is not furnished with position transmitter, so travel checks were visual.

CALIBRATION EQUIPMENT UTILIZED

DEVICE TYPE MFR/MODEL NO. ACCURACY NIST TRACEABILITY?

Certified by: Date Certified:
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Project Name: Owner’s Project No. (if applicable):

Project Owner: Regulatory Agency Project No. (if applicable):

Project No. Date:

Control Loop No.:

Actuator: Pneumatic:   Electric:

Tag No. Positioner: Direct:   Reverse:

Description: Positioner: Input:  Output:

Manufacturer: I/P Converter: Input:   Output:

Model No. Valve to  on air failure

Serial No. Valve to  on power failure

I/P CONVERTER

INCREASING INPUT DECREASING INPUT

% OF SPAN INPUT OUTPUT
ERROR

(% of span)
INPUT OUTPUT

ERROR
(% of span)

0%

25%

50%

75%

100%

Specified I/P converter accuracy:  % of span.

FINAL CONTROL ELEMENT

INCREASING INPUT DECREASING INPUT

% OF SPAN INPUT TRAVEL
ERROR

(% of full travel)
INPUT TRAVEL

ERROR
(% of full travel)

0%

25%

50%

75%

100%

Remarks:

CALIBRATION EQUIPMENT UTILIZED

DEVICE TYPE MFR/MODEL NO. ACCURACY NIST TRACEABILITY

Certified by: Date Certified:
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SECTION 40 90 01

PROCESS MONITORING CONTROL SYSTEM (PMCS)
HARDWARE AND SOFTWARE

PART 1 - GENERAL

1.1 SUMMARY

A. Contractor shall provide all labor, materials, equipment and incidentals as

shown, specified and required to furnish, install, calibrate, test, start-up and

place in satisfactory operation a complete Plant Monitoring and Control System

(PMCS).

B. See Part 2 for complete system description.

C. Related Sections

1. Section 40 90 00 – Instrumentation for Process Control:  Basic

Requirements

2. Section 40 90 05 - Process Control Narratives.

3. Section 40 98 00 - Control Panels and Enclosures.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in

associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,

payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. Canadian Standards Association (CSA).

2. FM Global (FM).

3. The International Society of Automation (ISA):

a. 7.0.01, Quality Standard for Instrument Air.

b. S5.1, Instrumentation Symbols and Identification.
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c. S5.3, Graphic Symbols for Distributed Control/Shared Display

Instrumentation, Logic and Computer Systems.

d. S5.4, Standard Instrument Loop Diagrams.

e. S20, Standard Specification Forms for Process Measurement and

Control Instruments, Primary Elements and Control Valves.

4. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

5. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).

6. National Institute of Standards and Technology (NIST).

7. Underwriters Laboratories, Inc. (UL):

a. 913, Standard for Safety, Intrinsically Safe Apparatus and Associated

Apparatus for Use in Class I, II, and III, Division 1, Hazardous

(Classified) Locations.

1.4 DEFINITIONS

A. Architecturally finished area:  Offices, laboratories, conference rooms,

restrooms, corridors and other similar occupied spaces.

B. Non-architecturally Finished Area:  Pump, chemical, mechanical, electrical

rooms and other similar process type rooms.

C. Hazardous Areas:  Class I, II or III areas as defined in NFPA 70.

D. Highly Corrosive and Corrosive Areas:  Rooms or areas identified on the

Drawings where there is a varying degree of spillage or splashing of corrosive

materials such as water, wastewater or chemical solutions; or chronic exposure

to corrosive, caustic or acidic agents, chemicals, chemical fumes or chemical

mixtures.

E. Outdoor Area:  Exterior locations where the equipment is normally exposed to

the weather and including below grade structures, such as vaults, manholes,

handholes and in-ground pump stations.

F. Instrument Air Header:  The segment of air supply piping and tubing which

transports air from the compressed instrument air source through the branch

isolation valve of any takeoff (branch) line.
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G. Branch Line:  The segment of air supply piping and tubing which transports air

from the outlet of the air header branch isolation valve through an air user's

isolation valve.

H. Intrinsically Safe Circuit:  A circuit in which any spark or thermal effect is

incapable of causing ignition of a mixture of flammable or combustible material

in air under test conditions as prescribed in UL 913.

I. Calibrate:  To standardize a device so that it provides a specified response to

known inputs.

1.5 SYSTEM DESCRIPTION

A. Control System Requirements:

1. This Specification Section provides the general requirements for the

instrument and control system.

2. The instrument and control system consist of all primary elements,

transmitters, switches, controllers, computers, recorders, indicators, panels,

signal converters, signal boosters, amplifiers, special power supplies,

special or shielded cable, special grounding or isolation, auxiliaries,

software, wiring, and other devices required to provide complete control of

the plant as specified in the Contract Documents.

B. All signals shall be directly linearly proportional to measured variable unless

specifically noted otherwise.

1.6 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and

administration of the submittal process.

2. Submittals shall be original printed material or clear unblemished

photocopies of original printed material.

a. Facsimile information is not acceptable.

3. Limit the scope of each submittal to one (1) Specification Section.

a. Each submittal must be submitted under the Specification Section

containing requirements of submittal contents.

b. Do not provide any submittals for Specification Section 40 90 00.
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4. Product technical data including:

a. Acknowledgement that products submitted meet requirements of

standards referenced.

b. Equipment catalog cut sheets.

c. Instrument data sheets:

1) ISA S20 or approved equal.

2) Separate data sheet for each instrument.

d. Materials of construction.

e. Minimum and maximum flow ranges.

f. Pressure loss curves.

g. Physical limits of components including temperature and pressure

limits.

h. Size and weight.

i. Electrical power requirements and wiring diagrams.

j. NEMA rating of housings.

k. Submittals shall be marked with arrows to show exact features to be

provided.

l. Provide copy of factory calibration results and a unique calibration

curve for each flowmeter.

5. Loop diagrams in accordance with ISA S5.4.

6. Process connected instrument installation details containing the following

minimum information:

a. Bill of materials providing as a minimum the following information:

1) Tube material and size.

2) Connection size.

3) Fitting size, material, and rating.

4) Valve type and material.

5) Instrument description.

6) Pipe stand size and material.

b. Tube slope requirements.

c. Required elevations and dimensions.

7. Comprehensive set of wiring diagrams.

8. Panel fabrication drawings.

9. Process Monitoring and Control system equipment drawings.

10. HMI graphics.

11. Nameplate layout drawings.
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12. Drawings, systems, and other elements are represented schematically in

accordance with ISA S5.1 and ISA S5.3.

a. The nomenclature, tag numbers, equipment numbers, panel numbers,

and related series identification contained in the Contract Documents

shall be employed exclusively throughout submittals.

13. All Shop Drawings shall be modified with as-built information/corrections.

14. All panel and wiring drawings shall be provided in both hardcopy and

softcopy.

a. Furnish electronic files on CD-ROM or DVD-ROM media.

b. Drawings in AutoCAD format.

15. Provide a parameter setting summary sheet for each field configurable

device.

16. Certifications:

a. Documentation verifying that calibration equipment is certified with

NIST traceability.

b. Approvals from independent testing laboratories or approval agencies,

such as UL, FM or CSA.

1) Certification documentation is required for all equipment for which

the specifications require independent agency approval.

17. Testing reports:  Source quality control reports.

B. Operation and Maintenance Manuals:

1. See Specification Section 01 33 00 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

2. Warranties:  Provide copies of warranties and list of factory authorized

service agents.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Do not remove shipping blocks, plugs, caps, and desiccant dryers installed to

protect the instrumentation during shipment until the instruments are installed

and permanent connections are made.
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1.8 SITE CONDITIONS

A. Unless designated otherwise on the Drawings, area designations are as

follows:

1. Outdoor area:

a. Wet.

b. Corrosive and/or hazardous when specifically designated on the

Drawings or in the Specifications.

c. Below grade vaults and manholes:

1) Subject to temporary submergence when specifically designated

on the Drawings or Specifications.

2. Architecturally finished area:

a. Dry.

b. Noncorrosive unless designated otherwise on the Drawings or in the

Specification Sections.

c. Nonhazardous unless designated otherwise on the Drawings or in the

Specification Sections.

3. Non-architecturally finished area:  As designated elsewhere on the

Drawings or in the Specification Sections.

PART 2 - PRODUCTS

2.1 SCOPE OF WORK

A. Provide all materials, equipment, cabinets, hardware, software, firmware,

programming and all required appurtenances for a complete and operation

system for the Process Monitoring Control System (PMCS). The PMCS is a

distributed systems   Project shall be new, free from defects, of the highest

quality, and produced by PMCS manufacturer who has been regularly and

continuously engaged in the manufacture and installation of such systems and

products for no less than twenty years.

B. Where there is more than one item of similar equipment required under the

Contract, all such similar equipment will be the product of one manufacturer.
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C. Custom made equipment or related instrumentation which are constructed

specifically for this project shall not be acceptable. Equipment furnished under

this Contract shall be standard products that are principally manufactured by

the PMCS manufacturer who is regularly engaged in the manufacture of such

products.

D. The acceptable PMCS manufacturer is Eurotherm by Schneider Electric. The

required PMCS system is the Eurotherm T2750 PAC System. The system

provided and installed shall be fully developed, programmed, factory tested,

furnished, field installed, field tested, and made fully operational at the

proposed facility. The required system shall be fully expanded to include

remote supervisory control and data.

E. Communication to the various facilities shall be available through a wide area

network service, fiber optic cable systems.

F. The proposed system shall have a distributed architecture comprised of a

family of independent functional processors. Each functional processor shall be

a configurable module designed to execute a specific dedicated task. The

processors shall be installed as dual redundant, fault tolerant modules in each

distributed location of the facility. Each processor of the PMCS shall be self-

hosting without any external workstation processor. The processors shall power

up and return to a pre-defined state.

G. Each system processor shall be designed such that the failure of any one

processor shall not affect the operation of any other processor. The same

hardware provided for data acquisition functions shall also be capable of

performing modulating analog control and discrete control. This proposed

system shall be expandable and flexible, able to be configured for a wide range

of process applications, and easily field changeable via control technician

oriented, menu driven software.

H. Each input/output (I/O) module, regardless of type or function, shall be installed

in a dual, fault tolerant configuration in all areas of the facility.
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2.2 PERFORMANCE AND DESIGN REQUIREMENTS

A. Eurotherm T2750 PAC redundant, fault-tolerant controllers shall be utilized in

the Control Room of the distributed locations. Should such a newer unit be

available then this controller shall be installed at all other interconnected

facilities. They shall be used to control redundant and distributed I/O modules.

They shall be interconnected using networks. The Eurotherm T2750 PAC

controllers shall reside on the same redundant backplane as the I/O modules

for enhanced reliability and serviceability. Eurotherm T2750 PAC controllers will

be networked together and allow multiple PACs to be integrated into a single

control strategy.

B. Provide Ethernet based communication to network with distributed units, I/O

modules and the wider network. The Controller shall support ELIN, MODBUS

TCP & serial RTU communication protocols. Included in the with the

communication network will be an Ethernet digital switch with both copper to

fiber optic cable.

C. Provide each control processors for redundant operation. When operating in

redundant (duplex) mode, a high-speed data link between the primary and

secondary processor units shall provide exact tracking of the control database,

allowing bumpless takeover by the secondary unit should the primary

processor fail.

D. Takeover of control by the secondary processor in the event of primary failure

shall be automatic, with no loss of I/O states and no need to re-initialize I/O

points. Revalidation of all attached ELIN nodes shall be automatic.

E. Each PAC T2750controller shall store encoded tamper resistant data on board,

under normal operation. Furthermore, in the event of a communications failure

of the Ethernet network, preventing data from being collected and stored in the

historian, the controller shall store the data related to the control system. When

the communications network is restored the missing data shall be sent to the

historian on the Ethernet communications network.

F. Two independent power supplies, one for each processor, unit shall be

provided. An external battery shall support the data in SRAM and the real-time

clock for a minimum of 72 hours. The program logic shall be stored in

removable flash memory not requiring battery backup.
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G. Live, on-line replacement of a failed processor shall be able to be carried out,

with no wiring disconnection. The replacement unit shall be capable of loading

its strategy and current status from the active processor. Full hardware and

software status indication shall allow rapid synchronization, verification and

diagnostics.

H. Automatic health check diagnostics, self-testing, and initialization on power-up

shall be provided.

I. Front panel LEDs shall be provided for annunciation of communications and

processor status. Synchronize and De-synchronize control switches shall be

fitted on each processor module.

J. Extensive on-going diagnostics and health monitoring of communications and

I/O status.

K. There shall be a watchdog relay for each processor.

L. Distributed I/O shall be networked using Ethernet.

M. Continuous control and sequential strategies shall be configured, downloaded,

and monitored with Eurotherm T2750 PAC automation system Project Studio

software and a site resident configuration station.

N. Processors and their associated power supplies shall be utilized. These

processors and their associated I/O units in each of the distributed

monitoring/control areas shall be mounted in freestanding, floor mounted 316

stainless steel NEMA 12 enclosures. Power supplies, specialized fused

terminal strips, cable management components, transmitter power supplies, I/O

modules, communication and interface modules, etc. associated with each of

the distributed monitoring/control areas shall also be mounted within these

enclosures.
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2.3 I/O SUBSYSTEM

A. The I/O subsystem shall work in tight conjunction with the control processors

and the Human Machine Interface (HMI). The installed I/O subsystem shall

utilize analog and digital I/O module redundancy at each location to provide

fault tolerant operations. All I/O cards shall be replaceable in an on-line, hot

swap manner without loss of operational control. There shall be no separate

communication interfaces or protocols required beyond what is imbedded

within the entire control system. The I/O system shall have the following

features and elements:

1. Distributed scalable I/O system

2. Individual module and channel status indication

3. Live plug-in modules

4. Direct wiring on a DIN rail mounting I/O base.

5. Standard communication protocols: MODBUS TCP & Modbus RTU

6. Advanced PID and logic control

7. High accuracy analog modules

8. Extensive range of analog and digital modules

9. Modular approach to system distribution

B. The Process I/O Interfaces shall be Eurotherm T2750 PAC.

C. The modular I/O structure of the I/O system shall be able to be used to execute

PID with auto tuning, cascade and gain scheduling, together with mathematical

functions and combinational logic for interlocking.

D. The various distributed I/O systems shall be developed to facilitate organization

of the I/O modules and interconnections. The I/O modules shall be mounted on

DIN rail mountable bases.

E. The controller module is the central processing unit of the I/O subsystem. It

communicates with the I/O modules using an internal bus, and to external

equipment via Ethernet, MODBUS TCP/IP or serial Modbus RTU. Controller

Modules shall be capable of redundant fault-tolerant operation.
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F. Terminal units shall be utilized as part of the interconnection between the plant

wiring and the I/O modules within the distributed monitoring/control locations.

All wiring within each of the distributed monitoring/control locations shall be

landed on barrier terminal strips. All analog I/O shall be landed on barrier

terminal strips that are fused. Such fused terminal blocks shall provide blown

fuse indication and they shall be hinged to permit replacement of the

associated fuses.

G. The I/O system shall be an open I/O system that can be used with any device

running a MODBUS TCP or serial Modbus RTU communications interface.

Communication connections to the I/O system shall be via RJ45 connectors.

H. The I/O subsystem shall provide 16 bit algorithm PID control functionality for

greater resolution with auto tuning, cascade and gain scheduling facilities. Each

PID block shall offer auto tuning to optimize control performance, without the

need for specialist knowledge or training. It shall also be capable of performing

mathematical (+-*<>, average, max.) and combinational logic (OR, AND ...).

I. The I/O Subsystem configuration software shall be Windows 10 based. It shall

include an I/O tool set to configure the range, linearization of analog inputs, PID

parameters and all other I/O parameters.

J. The I/O Subsystem shall provide rack space for 20% spare I/O. This will allow

for additional I/O to be added at some future date, as required. This shall be

space for I/O only. No spare I/O shall be fitted other than that resulting from the

fitting of the normal modules required to satisfy the I/O requirements at the

point of system acceptance.

2.4 SYSTEM SOFTWARE

A. General

1. Software packages shall control computer system level activities as well as

higher level process control activities, allowing the process to be monitored

and controlled through an interactive operator interface.

2. Users shall be able to interface to all process control activities through fully

interactive software modules initiated and operated using easily recognized

icons or custom symbols or driven by full-screen and pull-down menus.

Selection of icons or menus shall be through pointing devices and shall not

normally require the use of an alphanumeric keyboard. Systems that
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require the use of typed commands to move from module to module or from

display to display are not acceptable.

3. Throughout the execution of all software modules, the operator shall be

presented with all command or operation choices available at that point in

the program to make the choices self-explanatory and unambiguous.

Question-and-answer or fill-in-the-blank requests are acceptable only where

file names, tag names, or other unique text or numerical information is

required.

4. All programs shall be self-configuring to obtain the size and configuration of

the system from parameters contained in the various files created during

system generation. No parameters related to the hardware' configuration

shall be hard coded into any of the software.

5. All programs shall be the latest version commercially available at the time

the system is delivered to Owner and approved for use with the system

software.

6. Superseded-versions, revisions are not allowable. The Owner shall be

provided with complete development and run-time licenses for all software.

B. Operating System Software

1. Operating system configuration software shall be Eurotherm PAC Software

and shall include a complete and unmodified operating system that

provides system level functions. A Graphical User Interface (GUI) shall also

be provided to enhance the usability of the operating system.

2. The Eurotherm PAC programming software shall include all software to

develop control strategies, create a navigable control network and integrate

with Wonderware Factory Suite. In addition, the Eurotherm PAC

programming software will include:

a. Project oriented development environment

b. Integrated Development Environment (IDE)

c. Designed to configure any system size from a single node to multiple

nodes, multi-network systems

d. The ability to create and maintain multiple projects on a single platform

e. Wizards for simplified system configuration

f. Auto generation of configuration files

g. Substantial reduction in engineering effort

h. Object oriented configuration tools
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3. The Project Developer shall have the ability to configure a single node to

multiple nodes, multi-network systems. Multiple projects can be created and

maintained on a single PC platform.

4. The Project Developer shall be open to all application file types by

extending the Windows Explorer.

5. The physical plant model, tags, I/O assignment, alarm groups, display and

data security shall all be defined with the Project Developer. Information

shall be entered through a series of user-friendly and intuitive displays and

then carried onto the project database based using Microsoft Access. The

auto-generation facility of Project Developer shall facilitate the automatic

creation of all configuration files from data stored in the project database

and any defined special logic (i.e. interlocks, sequencing, etc.)

6. The system shall have the ability to import tag definitions from

spreadsheets, text files or other databases.

C. Eurotherm PAC Engineering Tools

1. The software shall provide engineering tools that include a comprehensive

set of configuration, test, documentation and commissioning tools for

instruments. The tool set shall include graphical configuration for

continuous control and sequencing control. An on-line monitoring facility

shall allow users to observe databases and SACS for commissioning and

fault-finding purposes.

2. Documentation and file utilities shall allow both strategy and graphics to be

fully documented and transferred across the network. The tool set shall

follow the IEC1131-3 standard.

3. The software package shall include a Database Editor which shall support a

library of function blocks (FBDs).

4. Sequences shall be configured graphically using Sequential Function

Charts (SFCS) following the IEC1131-3 standards.

5. An on-line monitoring facility of the tools functionality shall enable users to

view and interact with control and sequence strategies running in remote

instruments. With the database monitor and the necessary security

clearance, remote instrument databases shall be able to be accessed and

blocks modified on screen. The database monitor shall allow a combination

of blocks from multiple nodes to be observed simultaneously.
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D. System Network Explorer

1. The system network shall display the complete network hierarchy

2. Through the HMI the operator shall be able to view any and all nodes in the

involved network and copy files to and from an individual node by dragging

and dropping.

E. Run Time Server and Viewer

1. The run time server and viewer and server shall provide a pre-engineered

operator interface. This interface shall provide a full system wide availability

of information.

2. The server shall be of the client/server type which provides both master and

backup servers.

3. The system shall provide open connectivity at both the I/O and system

level.

4. The server system shall provide comprehensive user authorization and

security.

F. Operations Server and Viewer

1. An Operations Server & Viewer shall provide system connectivity between

the control network, the facility network, and remote facility networks. The

Operations Viewer systems shall be able to be distributed across multiple

geographical and organizational boundaries, while maintaining access to

any process value via the Operations Server.

2. The Operations Viewer software shall be designed to provide a fast and

intuitive HMI, presenting information in a meaningful way to operators,

engineers, supervisors and managers. A simple-to-use display structure

shall provide fast key access to a number of different function pages.

3. Screen navigation shall be designed so that the operator can page through

displays at different levels. Starting with the Overview at the top of the

navigation menu, users shall be able to work down plant levels via different

mimic layers. Each mimic shall be able to page backwards and forwards

within a display layer or move up and down to a different display layer.

4. An on-line tag browser shall allow operators to select the appropriate

engineering point page and to configure operator groups containing up to

16 point fascias. Operator trend groups shall be locally configured. A

permanent alarm banner shall provide immediate indication of abnormal

plant conditions. Security shall be achieved through a login with password.
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5. The Operations Server shall provide system access to any block via a

number of different computer interfaces, by supporting both OPC server

and the Factory Suite link functionality.

6. Security information shall be contained within the Operations Server to

control client access.

G. Wonderware Factory Suite Integration

1. The proprietary integrated SuiteLink I/O server shall provide a fast data

throughput connection to any LIN block to allow on-line changes to the

project database.

2. An alarm provider shall monitor all system alarms and links points to alarm

groups. This shall provide alarm indication via a system banner and shall

also channel alarm messages to an optional alarm relational database.

Additional operator pages allow easy access to the alarm database.

3. Standard trend functionality shall allow an operator to trend pages using up

to eight pens.

H. System Database

1. The System Database shall reside within a relational database, which is

available at all viewer and server nodes. It contains all data needed to

define both the server and viewer functionality.

2. Viewer and server features shall reside within the same node or be

distributed across multiple nodes.

I. PMCS Programming Functional Requirements

1. All Eurotherm T2750 PAC generated process alarm, equipment status, and

process variable values shall be available at any operator workstation.

2. Flow values shall be integrated, totalized, and stored in the Eurotherm

T2750 PAC so the values displayed on the HMI computers and on the field

processor are identical.

3. Failure of any part of the Eurotherm T2750 PAC shall result in the safe

shutdown of those associated sections of the PMCS network and

associated process equipment. Interposing relays shall be provided where

required to assure that equipment will revert to its fail-safe condition. Failure

of any part of the Eurotherm T2750 PAC or its communication shall be

alarmed on the HMI.

4. The HMI computers shall run InTouch from Wonderware. They shall

function as a monitoring system, not as a controller, for the process

equipment. The computer shall download set points and other information
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to the Eurotherm T2750 PAC controllers. The Eurotherm T2750 PAC

controllers shall perform all control algorithms so that a temporary failure of

the any HMI computer shall not disrupt plant control.

5. The rack and module definitions for each controller as well as

communications configuration shall be completely configured to allow

addressing of all field connected I/O points. This shall include configuration

of all input/output racks.

6. The Eurotherm T2750 PAC Control database shall include both field

Controller and I/O points and internally generated points required for

programming. All field I/O points and internal programming points shall be

fully defined according to database naming conventions approved by

Owner. As a minimum, each database point shall be provided with a tag

name, engineering unit, alarm parameters, and description.

7. Each analog input and output shall be appropriately scaled for use in

internal Controller programming, monitoring by the HMI computers or

transmission to other process control systems. Requirements for raw count

values shall be coordinated with the operator interface software to ensure

compatibility.

8. For each equipment item whose running status is monitored by a Controller,

an internal equipment runtime shall be accumulated by the respective

Process Control System. The runtime procedure shall monitor the status of

the equipment running contact. When the equipment is running, an

increment software timer shall maintain equipment runtime to within a one-

minute resolution. The timer shall stop incrementing, but not reset, when

the running contact indicates that the equipment is not running. The timer

value shall increment an hour counter that maintains an integer value

representing the equipment run time in hours. The counter value shall be

available for display on the HMI computer. A manual reset of the runtime

value shall be available at the HMI computers for personnel at the

supervisor level and above through their designated security access.

9. While equipment is controllable from the Eurotherm T2750 PAC, discrete

output commands shall be compared to their respective process feedback

status signal to verify proper execution. If the feedback status does not

match the most recent output command, after an adjustable 2 to 300

second time delay, an alarm message shall be displayed on the HMI

computer and the condition shall be logged as an alarm, requiring operator

acknowledgment. The alarm shall remain energized until the proper

discrete condition is sensed or until the operator resets the alarm through

the HMI computer.
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10. In general, equipment is provided with a local HOA selector switch that

transfers control to the PMCS when in the automatic position. The PMCS

shall monitor the position of this switch to determine if the equipment is

available for PMCS control. If the equipment is not available, the PMCS

program shall not attempt to implement remote manual or automatic status

changes for the equipment. The PMCS program may, however, need to

implement special routines if equipment unavailability affects a sequence.

11. The need for maintained or momentary control outputs shall be determined

from the input/output listing and the electrical schematics. In general,

equipment with only one control output indicated in the I/O list shall be

programmed for a maintained control output. Equipment with two (or more)

control outputs may be programmed for momentary outputs. Provisions

shall be made, in either case, to remove the active state (start, open,

forward, initiate, etc.) control output when an equipment failure is sensed or

when the equipment transitions from available to unavailable (local switch

change).

12. Equipment in automatic mode shall be transitioned to manual mode and

stopped if the equipment fails, becomes unavailable, or if the PMCS

processor resets.

13. Equipment changes from automatic to manual control shall typically be

bumpless. Equipment running or stopped in automatic mode shall remain

running or stopped when manual mode is selected.

J. HMI Functional Requirements

1. The HMI software shall consist of a human machine interface system with

support for supervisory and process control, real-time data acquisition,

alarm and event management, historical data collection, report generation,

and internet/intranet access. The software shall be easy-to-use, with an

object oriented graphics development environment and have an open

architecture, which will utilize Windows 10 operating system. The system

shall have the built-in flexibility to permit easy configuration of the system in

accordance with the specific end user requirements as well as quick and

easy modification by the end user in the field.

2. The software shall consist of a suite of off-the-shelf modular components

from a single software manufacturer that are tightly integrated together to

perform all HMI system functions. The suite shall contain an HMI for

process visualization, real time database for historical data collection, client

tools for trending and reporting within the HMI and as stand-alone

packages, an alarm dialer for remote telephonic alarm and data messaging,
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and communication drivers for PLC/RTUs. It shall be scalable so that a

small, stand-alone application can easily be expanded into a large

distributed control network with either single or redundant database servers,

single or redundant communication servers providing information to multiple

workstation clients. The software shall also have the ability to easily

interface with Computrtixed Maintenance Management (CMMS), Laboratory

Information Management System (LIMS) and Geographic Information

System (GIS) systems.

3. The HMI, when in the runtime mode, shall be fully licensed to support any

of hardware levels of user interface in any combination as follows:

a. Server, workstation or desktop PC running the latest system verified

version of Microsoft Windows.

b. Client with RAID1 disks, PC running Windows 10

c. Thin client, with diskless PC’s running sessions served by Microsoft

Windows Server 2016 and InTouch Access Anywhere.

d. Hand held devices running HTML 5 compliant code.

4. The HMI system operator shall be able to execute all monitoring and

supervisory control functions from this workstation. This workstation shall

contain the Windows 10 operating system, HMI software, HMI configuration

files, and other software and configuration files resident on the local hard

drive required to permit operation of the HMI Operator Workstation. Typical

operator commands include modifying set points for control loops, alarm

acknowledgment and set point adjustment, auto/manual switching and

on/off control of field devices and taking points or devices on/off scan. The

operator shall be able to access all HMI tag names or graphic displays from

any workstation on the network without knowing which data historian or

server the point or display resides on.

5. Operators shall interface to all process and HMI activities through easily

recognized icons, pull down or full screen menus.

6. The system runtime software shall support operator access to multiple

displays at one time, including split screens where the operator may view

more than one process area at a time. In addition, the system shall support

unlimited use of popup displays for additional help or diagnostic information.

7. The operator shall be able to have access to context sensitive on-line help

or instructions from any display at any time during operation of the system

with a single keystroke or mouse click.

8. The operator shall be able to access displays via a pointing device and/or

soft key menus with a choice of function keys, cursor control keys, or any

single key on the keyboard. Display navigation shall not normally require



WHCRWA PROCESS MONITORING CONTROL

CENTRAL PUMP STATION SYSTEM HARDWARE AND SOFTWARE

WHCRWA CENTRAL PUMP STATION
PROCESS MONITORING CONTROL SYSTEM HARDWARE AND SOFTWARE

40 90 01 - 19 OF 66

the use of typing text commands into an alphanumeric keyboard. Supported

pointing devices shall include a mouse, touch screen, light pen, or trackball.

9. The operator shall be able to easily identify which objects are selectable

from any display by simply dragging the pointing device over the object.

Displaying a halo around the object shall provide confirmation that an object

can be selected. Typical objects include process device symbols (pumps,

motors, etc.) controller faceplates, buttons or switches or sliders.

K. Runtime Security

1. 1. The runtime software shall include a security system under Windows 10

to enable various operator tasks based on the user level and password.

Access to all displays and to all command functions shall be based on the

operator’s security level to protect against unauthorized use. After initial

creation, only an assigned user with proper authorization or the system

administrator shall modify the password.

2. The security system shall be capable of disabling access to all Microsoft

Windows controls (file menu, close, minimize, etc.) and keyboard

commands (Ctrl-ESC, Alt-Tab, and Ctrl-Alt-Del).

3. At least 10,000 levels of security protection shall be provided. Visibility and

operation of command buttons, set points, symbols, or entire displays shall

be enabled or disabled based upon the operator’s security level. The

security level shall be established during the operator log-on procedure.

4. The operator interface workstation shall be able to be run as a Microsoft

Windows 10 Service. This shall provide service capabilities for key HMI

components such as historical logging, alarms and I/O communications.

The service capabilities shall allow continuous operation through operating

system logons and logoffs such as operator shift changes.

5. All HMI software shall support running so that following a power failure or

when the machine is turned off/on automatic start-up to the runtime mode

shall occur. This function assures unmanned station startup without

compromising operating system security.
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L. Alarm/Event Functions

1. All operator actions shall be logged to an event logger. The event logger

shall keep track of each new operator log-on, log-off, set point change, or

device control. Each event log shall record the date, time, operator logged

in and the type of action taken (set point change, state change, etc.).

2. Any configured Integer, Real, discrete, or String tag may also be configured

as an event. The point shall be logged as an event any time its value

changes.

3. Events shall be logged to a Microsoft SQL Server. Items to be logged in

addition to the event itself shall include date and time of the event, and

Event Priority. In addition, and two user definable real values and one user

definable string value may be recorded with the event.

4. Alarms shall be detected and reported by an Alarm Manager service. The

Alarm Manager service shall support no less than forty (40) simultaneous

alarm client displays. In the event of an alarm storm (hundreds or

thousands of alarms detected within one second), the Alarm Manager shall

report and the client shall be capable, of displaying up to two thousand

(2000) new alarms within ten (10) seconds of the detection of the alarms.

The operator shall be able to view current and historical alarm information

from a full screen alarm-summary display or on a small scrolling region and

the bottom of any display. The alarm information shall be displayed in

chronological order with the most recent alarm at the top. The information

capable of being displayed for each alarm shall include the time and date,

description, tag name, alarm state, alarm type (lo, lo-lo, hi, hi-hi, rate-of-

change, etc.), value, acknowledging operator, acknowledging node priority

level and class.

5. It shall be possible for the operator to filter the alarm display based on

priority level, groups or process area. In distributed network systems,

alarms shall be viewed and acknowledged from any workstation and the

information shall be distributed to all clients. The name of the operator and

the node acknowledging the alarm shall be capable of being displayed in

the Alarm Summary

6. It shall be possible to configure the system such that the operator is notified

of an alarm no matter which display the operator is currently viewing.

Notification shall include the option of a pop-up alarm display window, a

flashing process symbol such as a process vessel, an alarm text message

that is available on each display, or a dedicated alarm display window

anywhere on the screen.
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7. The alarm summary display shall provide the built-in horizontal and vertical

scroll bars to page through alarms. The display of these scroll bars shall be

user configurable.

8. The alarm summary display shall allow for dynamic re-sizing at runtime of

the column widths simply by selecting a column line and dragging it to set

the column width.

9. The alarm display shall support up to eight (8) different combinations of

colors based on the priority of the alarm and whether it is acknowledged or

unacknowledged. The colors shall be user-selectable via configuration from

a total of 256 colors.

10. The system shall provide a method of notifying the user when a new alarm

has occurred. The alarm display object shall automatically scroll to a new

alarm when the user has scrolled down the alarm list from the top.

11. The alarm display shall retrieve alarm information by submitting an alarm

query to the alarm server. The alarm query shall allow specifying a “priority”

range, alarm acknowledge state, alarm group, alarm history or summary.

Combinations of the parameters can be specified for the query to produce

selected results.

12. The operator shall be able to create new alarm queries, at runtime, and

save the queries for re-use.

13. The operator shall be able to select and acknowledge alarms individually,

by group or process area. The operator shall also be able to acknowledge

only those alarms visible in the display, only those selected, only the most

recent alarm or all alarms in the system. The alarm display shall allow

alarms to be selected by clicking on them with the mouse at runtime.

14. The operator shall be able to suppress alarms on the local display.

Suppressing alarms on one operator interface shall affect the display of

alarms on another operator interface. Un-suppressing previously

suppressed alarms shall be via simple mouse click.

15. The operator shall be able to select an alarm from the alarm summary

display and the system shall switch to the corresponding screen as to the

particular section of the control system where the alarm originated.

16. It shall be possible to inform the operator of an alarm condition via an

audible tone, a pop-up display, or any combination of animation types on

the screen.

17. Alarms shall be logged to a Microsoft SQL Server. Alarm events to be

recorded shall include alarm instantiation, alarm return-of-normal, and

alarm acknowledgment. Items to be logged in addition to the alarm event

shall include date and time of alarm event, Alarm Group, Alarm Tag Name,
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Alarm Tag Type (real/integer/Boolean), Alarm Type (LoLo, Lo, Hi, HiHi,

ROC, Deviation, disc, etc.), Operator Name and Operator Node of alarm

acknowledgment, and Alarm Priority In addition, two user definable real

values and one user definable string value may be recorded with the alarm

event. An Alarm Purge service shall be provided to automatically purge and

optionally archive alarms that are older that a user defined period of days

online.

18. Alarms may be printed to a locally connected or network printer. The alarms

printed from a particular node may be all alarms, only unacknowledged

alarms, only acknowledged alarms, alarms from a particular alarm group or

groups, alarms from a particular priority to a particular priority, or alarm from

multiple alarm providers.

M. Process Data Analysis Workstation

1. 1. The HMI system software shall include a set of easy-to-use client

software tools for real-time and historical data analysis and system reports.

This client analysis software may be used by engineering, maintenance or

supervisory personnel who need information from the HMI system but do

not require access to graphic displays. The client tools shall be able to

access data from multiple data historians on the HMI system network.

Users shall be required to log in with a password to access the database

server. The user shall not have to know the location of the server on the

network, only the name of the server. The data analysis software shall

include tools for advanced trending analysis, X-Y plotting of tag names, and

viewing of reports in spreadsheet or free form format. All tools shall support

full right mouse-click capability for quick menu selection of available

functions. The client tools shall be available as a stand-alone program or as

an ActiveX control for imbedding into the HMI so that any full function or

view only operator workstation may have the same capability.

N. Real-Time and Historical Trend Analysis Tool

1. A client tool shall be included that allows users to view any or all of the tag

names in either a trend chart or tabular format. The client tool shall have a

user interface that allows for easy selection of tag names using a Windows

Explorer like browser with a search filter to quickly find tag names in a data

historian with thousands of points. The user shall be able to create folders

for selected groups of tag names and plot them individually or in groups by

dragging them into the trend area. The user shall be able to save trend files

for recall at a later time. It shall be possible for the user to switch from the
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real time to the historical viewing mode using a simple check box. The user

shall be able to toggle from viewing trends either in the superimposed or the

stacked mode. In the superimposed mode, all trends overlap and are in a

single scale range based on the largest vertical scale range in the group. In

the stacked mode, each trend has its own vertical scale range. Trend plots

shall automatically be scaled based on the widest vertical range of the tag

name or optimized based on the maximum and minimum range within the

selected time period.

2. The user shall be able to trend up to 256 different tag names in real time

including analog, discrete, string or event tag names within the same trend.

The user shall pick tag names from the browser. The time span and vertical

range of the trend shall be user configurable at run time. Standard time

spans shall be configured for the last 5, 10, 30 or 60 minutes or the last 2, 4

or 8 hours. The user shall be able to adjust the range of the tag names in

run time.

3. The user shall be able to plot historical data for any tag name or groups of

tag names in the database based any user-selected start and stop time.

Two hairline cursors may be turned on and dragged across the trend area

to provide the user with the exact value for each trended tag name at the

point of intersection. The time span between the cursors shall also be

displayed. It shall be possible to overlay data from different start/end times

to compare the performance of equipment / compare the process for

different time intervals. It shall be possible to overlay ‘live’ trends onto

history traces to compare performance The trend tool shall display

statistical data for each trended analog tag name within the time period

selected. Statistical values shall include the minimum, maximum, average,

and standard deviation. Icons or menu pull down commands shall be

available for analyzing the data such as horizontal, vertical or rubber band

zooming, pan left or right and zoom between the hairline cursors. It shall

also be possible for the user to create text annotations anywhere on the

trend. These annotations shall be visible from other workstations on the

network with the same trend tool. It shall be possible to export the data in

the trend area into a CSV file. Printing of the trends with all statistical data

shall be supported.

O. ActiveX Tools

1. 1. The data analysis software shall provide ActiveX objects for the Trend

and Query clients so that they may be imbedded into the HMI or any other

ActiveX container. A query client shall be included to allow the user to
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execute SQL queries that returns a result set from any SQL server

database into a tabular data grid. The query ActiveX tool shall support

multiple data server sources for simultaneous display of the data. An

ActiveX trend object shall also be provided and support the same functions

listed in the previous paragraph such that an operator trained on one tool is

trained on the other tool.

P.  HTML Reporting Client Tool

1. A client tool shall be included that allows users to generate reports on any

tag names. The client tool shall have a user interface that allows selection

of tag names and previously created reports and report formats. The report

tool shall allow you to set up, modify, and generate reports that present

report data professionally and reliably. Types of information supported shall

include historical and current data values, tag name configuration

information, graphs, statistics, annotations, event and summary information

and results from a query. Reports shall be generated based on data stored

over a specified time period in minutes, or hours, days, weeks or months. It

shall also be possible to generate reports on demand by the user at

runtime. Finished reports shall be formatted in HTML so that they can be

viewed with a Web Browser, stored on the server disk or sent to a printer.

Q. Excel Reporting Tool

1. The data analysis software shall be included that allows users to easily

select tag names from the real time or historical database via a browser and

then utilize them in a standard Microsoft Excel spreadsheet for reporting or

presentation to management. The selection of tag names shall be

accomplished by use of drag and drop or point and click commands. It shall

not be required to write any macros to retrieve the data. The tag names

selected can be output to specific cells in the spreadsheet and processed

as number data types. The user shall have the choice of selecting real time

for the most recent data values in seconds or minutes. The user shall be

able to select historical data for the most recent values in minutes or hours

or go back and select any start or stop time as far back as the data is

available. The historical data can be recalled at the granularity that it was

stored or in a selected number of data points over a period of time. The

user shall be able to retrieve raw historical data or summarized data such

as the minimum, maximum or average over a predetermined time period.

Updates to the current values once they are in the spreadsheet shall be

refreshed with one click of the mouse. The quality of the data shall be
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analyzed and displayed. The user shall be able to select if poor quality data

is to be displayed or replaced with an interpolated value. The user shall be

able to specify relative or absolute value choices.

R. Word Reporting Tools

1. The data analysis software shall be included that allows users to easily

select tag names from the real time or historical database via a browser and

then utilize them in a standard Microsoft Word document for reporting. The

selection of tag names shall be accomplished by use of drag and drop or

point and click commands. It shall not be required to write any macros to

retrieve the data. The tag names selected can be output to specific values

or arrays using standard Word tables. The user shall have the choice of

selecting real time, absolute, relative or configurable base dates and times.

The user shall be able to retrieve raw historical data, summarized data such

as the minimum, maximum or average over a predetermined time period or

data stored in the historian event system. The user shall be able to select if

poor quality data is to be displayed or replaced with an interpolated value.

S. View-Only Graphics Display Workstation

1. The HMI system software shall support view-only graphics workstations for

managers or supervisory personnel who wish to have access to all displays

and trends but do not have process control or alarm acknowledgment

responsibilities. No modifications to the HMI configuration shall be required

for this functionality.

2. The view only graphics display HMI shall be capable of running in a

Terminal Services session.

T. HMI Development Software Requirements

1. 1. This section describes the engineering development requirements of all

HMI system software functions. This includes development of color graphic

displays, configuration of the real-time and historical database, alarms, I/O

communications to field devices and application setup of clients and servers

on the HMI network.

U. Graphics Display Development

1. The HMI system software shall include an object-oriented color graphics

display generator with full animation capabilities to provide users with a

realistic visualization of the HMI system process. All graphical editing

operations shall be point and click selecting icons from a floating and
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docking tool bars, pull down menus or keyboard commands. It shall be

possible to perform a functional test of any graphic display by switching to

the runtime mode with a single mouse click. The display editor shall include

the following tools for display drawing, linking and animation.

2. Process Displays shall be the major vehicle for operator interaction with the

treatment process. These displays shall enable speedy access and

capability to manipulate process control variables and perform standard

operator tasks such as ramping values, responding to alarms, and printing

reports. The PMCS shall include the development of no less than twenty-

five (25) interactive color process graphics. The backgrounds for many of

these graphics can be provided. AutoCAD Version 14 files of these

drawings will be made available to the PMCS Supplier to assist in the

accurate development of all such process graphics. The development of

these graphics shall be an interactive process with the Engineer. Process

displays shall include the following automatically generated displays

representing the control hierarchy:

a. Block Detail Displays: The Block Detail Displays shall be supplied for

each block in the database and shall contain a faceplate, a button

matrix to open various overlays, a block alarm summary, the contents

of the control input/output page, and a set of buttons to manipulate the

parameters. Block displays shall allow the user to tune loops, take

corrective actions, perform process control actions (ramping,

manually), view alarm text and alarm states, view and control alarm

action and view trend data. Additionally, any process display shall

include user-defined displays for:

b. Group Displays: Group displays shall provide for grouping process

displays into specific layouts to meet changing operational needs.

Information for up to sixteen block faceplates and trends in an eight-

over two layout shall be configured along with control buttons, such as

acknowledge alarm, invoke block detail display, toggle a Boolean

value and toggle auto/manual state. Anticipate no fewer than ten (10)

group displays as being required.

c. User Graphics: User-defined displays depicting specific views of the

plant operations and control shall be created and configured for

monitoring and managing the process using the graphical

editor/configurator for building and configuring displays as described

elsewhere in these specifications.
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V. Graphical Objects

1. The graphics editor shall include a set of basic drawing tools to create

simple or complex objects. Simple objects shall be easily created by

selecting an icon on the drawing toolbar which include lines, rectangles,

polygons, ellipses, circles, filled shapes or text. Any of these objects can be

assigned various attributes such as line color, fill color, size, and orientation

and can be made static or dynamic. Text objects shall be scalable and use

true fonts in bold italic or underline. All objects shall be scalable and moved

in any direction one pixel at a time or dragged with a mouse.

2. The graphics editor shall support standard object manipulation functions

such as cut, copy, paste and delete. Alignment tools shall be included to

simplify proper placement and arrangement of objects. Align commands

shall be included to align objects based on justification to the left, right,

center, top or bottom. Object commands shall also be included to space

them vertically, horizontally, move to back, move to front, rotate or group

and ungroup.

3. The graphics editor shall include a broad library of complex objects and

process symbols such as meters, pushbuttons, sliders, gauges, pumps,

motors, tanks, valves, trends, alarms, controller faceplates and bitmaps. All

complex objects shall be scalable to any size and may include animation

links to provide dynamic response based on real time data or user action.

W. Object Animation

1. 1. Objects shall be animated based on the following attributes:

a. Color change of the object. Up to 256 colors, 128 standard colors and

up to 128 user-defined colors. A user defined color palette can be

created, exported and imported. The color palette shall be based on

16.7 million colors. System must also support the user choosing

transparent colors for all graphical objects and backgrounds.

b. Percentage of fill for objects up, down, left or right direction based on a

tag name.

c. Blinking of the object based upon any alarm or event or upon a

designated group of alarms. The blink shall be adjustable to slow,

medium or fast.

d. Each object shall have a visibility attribute option allowing for visibility

of the object based upon the status of a discrete point, alarm, or

operator security level.
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e. The system shall support animation of objects via re-sizing, moving,

and/or rotating based upon a change in a tag name.

f. Objects shall be animated based upon any user-defined criteria made

up of tag names in the system. This includes the use of expressions

containing all mathematical functions and the status of analog and

discrete values in the system.

g. Graphics Editor shall allow layering of objects to activate specific

objects based upon conditions in the process.

h. Graphics development tools shall allow object placement via a “snap-to

grid” feature with configurable grid spacing.

i. Graphics development tools shall support an “undo/redo” feature with a

configurable number of levels and command displays.

j. The system shall support a library of “self-configuring” objects that

change properties based on dialog box entries made during

development. For example consider a standard set point loader object

that has a graduated scale and a default range of 0 to 100.0. Dialog

box entries shall allow changes to the range of the set point loader, the

number of major and minor divisions on the scale, and change the text

font used for the labels. The object shall then redraw itself with new

number of tick marks, new spacing, new labels, and new font.

k. The system shall support the import of AutoCAD files with the drawing

elements imported as native objects.

l. Graphics editor shall also allow the user to import drawings and

images in BMP, JPEG, PCX and TGA file format.

m. The graphics development environment shall support the copy of

single or multiple animated graphic objects and symbols with just two

keystrokes, and immediate substitution of tag names for the duplicated

object shall be possible without leaving the graphics editor.

n. The graphics development environment shall support the copy of

single or multiple animated graphic objects and symbols from one

window or display to another retaining all of the animation

characteristics, links and attributes. This function shall eliminate

duplication of effort. In addition it shall be possible to import windows

from another application in this same fashion.

o. User shall have the capability to add tag name entries while building a

display without exiting the graphics editor.
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p. User shall have the capability to search for tag names while building a

display and then get the exact detail of the item (alarm set points, I/O

address, and all other database details) while building a display

without exiting the graphics editor.

q. On line context sensitive help shall support display building. Users

shall be able to obtain immediate help on all configuration subjects by

pressing a single function key.

r. The user shall be able to define graphic screens while the system is

monitoring the process.

X. Alarm Summary Object

1. Alarms shall be displayed by configuring a user-defined alarm summary

object, which may be placed by itself or along with other objects in a

window. The object can be sized and then double-clicked to launch a

configuration dialog. Default alarm object configurations shall be displayed

with the option of changing any configuration parameter for runtime viewing.

The alarm object configuration shall include parameters with check boxes to

select and enable or disable how the alarms appear at runtime. Alarms

shall be color coded according to the state and priority of the alarm

including an acknowledged alarm, unacknowledged alarm, and an alarm

that has returned to normal but is not yet acknowledged. The user shall be

able to choose from 256 different colors for display of each of these alarm

states. The alarm display object shall also support event display, with the

color used for events also being one of the 256 different colors. The alarm

display object shall support up to eight different combinations of alarm

severity.

Y. Process Tag Name Database & Alarm Configuration

1. The HMI system software shall include a database configuration interface to

define all parameters for each tag name and alarm point. Tag names shall

be defined with up to 32 alphanumeric characters. Configuration of the

database shall be through fill-in-the-blanks dialog boxes. Tag names shall

only need to be typed once. All tag names shall be selected from a browser

with a context sensitive search filter to quickly find any tag name in

databases many points. The system database shall support the following

database tag name types: analog (integer or real), discrete or digital and

strings with up to 132 characters.
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2. Text fields for analog tag names shall be included to define the tag name

and description, engineering units, alarm group name and the I/O access

name for the field device to which the analog value is connected.

a. Numeric data entry fields shall be included to define alarm and event

priority levels, initial value upon startup, dead band, min and max raw,

main and max engineering units, alarm set point values or percentages

for each alarm type and the alarm dead band value.

b. Check boxes shall be included to enable/disable the following functions

at runtime: Historical data and event logging, last value is restored

upon power loss, changing of alarm limits, and all alarm types

including lo, lolo, hi, hi-hi, rate of change and deviation.

c. Every analog tag sub-alarm type (HiHi, Hi, Lo, LoLo, ROC, Dev, etc.)

shall contain associated Alarm Disable fields. These fields, when

populated by a tag name, shall disable the associated alarm when the

Alarm Disable tag is evaluated as true.

3. Text fields for digital or discrete tag names shall be included to define the

tag name and description, on/off messages for alarms and events, alarm

group name and the I/O access name for the field device to which the

discrete point is related.

a. Check boxes shall be included to enable/disable runtime functions

such as event logging, restoring the last value upon power loss, initial

value upon startup and the alarm state.

b. Discrete tag alarm configuration shall contain alarm disable fields.

These fields, when populated by a tag name, shall disable the

associated alarm when evaluated as true.

Z. Import/Export Utility

1.  The database shall include a utility to support import or export into a

Comma Separated Variable (CSV) file format for editing in a spreadsheet

application such as Microsoft Excel.

AA. HMI Application Manager

1. Each application shall include an application manager with a Windows

Explorer-like browser to simplify management of windows (displays),

scripts, tag names, alarms and application documentation. A tag name

cross-referencing index shall provide and efficient means identifying where

all tag names, links and objects are used throughout all windows in the

application.
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BB. Distributed Network Application Management

1. The HMI software shall provide standard functionality that shall simplify the

configuration, operation, troubleshooting and maintenance of the

application by providing means of distributing the application in network

environments. The Distributed Network Application (DNA) management

software shall adhere to client-server architecture while allowing a single

master application to be developed and maintained on the network. The

DNA manager shall automatically distribute the master application to all

nodes on the HMI control network.

CC. Application Locations

1. Master applications shall be maintained on a server that each client node

can access, which provides ease of maintenance and unrestricted editing.

The DNA manager shall allow client nodes to run the application from the

server, it shall distribute the server application to a user-defined location

that each client node can specify. This approach inherently provides the

client-based advantage of redundancy.

DD. Notification of Application Changes to Client

1. When a client node loads an application from the network server, the client

shall maintain a copy of the application on its local hard drive and become

registered as a user of that application. When a change to the server

application is detected, each registered user node shall be notified of the

change. The DNA manager shall allow the user to define how the client

node is notified of the change in the application. The client node shall either

automatically load the new application, prompt the user to load changes or

ignore, or automatically ignore such changes. If a network failure occurs

between the server and client, then the client shall continue to run the last

distributed application. When the network is restored and the server

application has changed the DNA manager shall distribute the server

application to the client.

EE. Dynamic Display Resolution Management

1. The software shall provide an automated solution for resolution exchange

for multiple graphical capabilities within a multi-node application

deployment. A Dynamic Display Resolution Manager (DDRM) between the

server application resolution and the client application resolution will

eliminate the need for the user to import or export displays. Each client
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node shall have an independent, configurable dynamic resolution display

mode.

FF. Identical Resolution Mode

1. The client node shall run the server application only if the client node’s

resolution is identical to the developed server application resolution. If the

server and client node resolutions are different, then the system shall

prompt the user, by means of a pop-up display, to scale the server

application to the client resolution.

GG. Server Resolution Mode

1. The client node shall run the application only at the developed server

application resolution. The system shall ignore the local resolution, use the

server resolution for the client node and not scale the server application.

HH.  Different Resolution Mode

1. The client node shall run the server application at the client node’s

resolution and ignore the developed server application resolution. If the

client node is running at 640x480 and the application was developed at

1280x1024 then the system shall dynamically scale the server application

(smaller) to fit the client node’s 640x480 display.

II. Application Log Files

1. Application log files shall reside on the local hard drive for a user-defined

number of days. Each network node shall maintain an independent log file

for the applications that are unique to each node. A new log file shall be

created and archived daily according to the user specified time and

location. The viewer shall support color distinctions for different threads,

processes or programs. The log file viewer shall support viewing remote

node application log files.

JJ. ActiveX Extensions

1. The HMI software shall provide extensibility by providing integrated support

for OLE Controls (OCX’s) technology. The HMI software shall be an

ActiveX container supporting methods, properties and events of ActiveX

objects. The support of ActiveX technology shall provide application

developers immediate access to hundreds of OCX’s developed by dozens

of Independent Software Developers. Registering an OCX’s for use within

an application system shall be an automatic process. Registered OCX’s
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shall be displayed in a dialog box for adding/removing OCX’s to/from the

application. OCX’s added to the application shall be contained within a

dialog box to be quickly added to new and/or existing applications. At

design time, the user is focused on selecting an OCX for placement,

mapping OCX properties, events and methods to tag names and writing

logic to control OCX behavior via OCX properties and methods.

KK. Application Control Logic

1. The HMI system software shall include a scripting language that allows

execution of commands and mathematical and logical operations based on

specified system conditions or user actions. The scripting shall be easy to

program using English-like statements and shall not require any knowledge

of any other programming logic. The user shall be able to edit or modify the

logic scripts while the system is monitoring the process. Furthermore, it

shall not be necessary to invoke any other application to compile the

changes. The scripting language shall include selection boxes and pull-

down menus to permit statements to be created without having to type tag

names or specific commands. Buttons shall be available for easy selection

of basic commands and operations such as IF, THEN, ELSE, ELSE IF,

AND, OR, NOT, ADD, SUBTRACT, MULTIPLY, DIVIDE, EQUAL TO, NOT

EQUAL TO, GREATER THAN, and LESS THAN. Additionally, there shall

be a full library of more complex math and system script functions available.

A validate button shall be included to ensure proper syntax and provide

indication of errors to eliminate any problems at runtime. On-line help for

each script function shall include actual working examples that can be

copied and pasted into the script editor.

LL. Application Logic Scripts

1. System shall have the ability to execute user defined logic scripts. Logic

scripts shall be created in a statement based programming environment. No

compilers or linkers shall be required.

2. System logic shall be able to automatically perform functions such as

increase set points, perform totalization, and check the status of process

set points to take action.

3. System Logic shall be able to monitor the status of each tag name in the

system and perform specific functions based on the type and status of an

alarm condition. Alarm type may be lo, lo-lo, hi, hi-hi, deviation or rate of

change. Alarm status may be acknowledged or unacknowledged.
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4. System shall have the capability to perform application control to turn on/off

discrete points, show windows, download recipes, etc. This application logic

shall also start and stop other application programs such as Excel, Word,

etc.

5. System shall have the ability to execute user definable logic on the

parameters of On Application Startup, While Application Running and On

Application Shutdown.

MM. Conditional Control Logic

1. System shall have the capability to perform application control based upon

a user definable state of a tag name or the result of an expression involving

multiple tag names; including discrete tag name on/off state, alarm states

such as lo, lo-lo, hi, hi-hi, or equivalence to a specific value. It shall be

possible to define Condition Logic scripts that execute once when the

condition expression becomes true, once when the condition expression

becomes false or while the condition is true or while the condition is false at

a user definable rate of 50 milliseconds minimum.

NN. Keyboard Control Logic

1. System shall have the capability to perform application control whenever a

user presses a key on the keyboard. This includes whenever the key is

pressed, released, or while the key is held down at a definable interval. The

system shall support any of the keys on a standard PC-compatible

keyboard

OO. Data Change and Window Logic

1. System shall have the ability to execute System Logic when the value of a

tag name changes. System shall have the ability to execute a Window

Logic script upon a user definable state of a tag name or the result of an

expression.

PP. Function Logic

1. System shall support creating of logic blocks and saving the logic as a

function. These function scripts shall run on a process thread independent

of the HMI process. Function scripts shall run on a separate process thread

and not impact the performance of the HMI operations. Function scripts

shall be able to be called from any of the logic types defined in this

specification including a call from a function script to another function script.
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QQ. Detection of Failure Events

1. The HMI Master system shall detect the following events within the HMI

system and network objects:

a. Communications failure to a single PAC

b. Communications failure to multiple PAC(s)

c. Communications failure to Server.

d. Alarm printer failure (Off-line, out of paper)

e. Alarm Manager failure

f. Communications failure to any HMI system on the network

g. Data Historian failure to collect data from any PAC

h. Data Historian rate of collection deviation

i. Low disk space on any HMI system or data historian on the network

RR. Communications Server

1. The HMI system shall include broad range of communications servers for

establishing the I/O interface between field devices such as RTUs, PLCs,

PACs, DCS systems and the data historian.

a. General Purpose I/O Communications Servers

1) General-purpose communication I/O servers shall be available for

all major PLCs from Allen Bradley, GE, Modicon, or Siemens plus

various RTUs and DCS systems. The HMI communication

servers shall support interfaces via direct serial, local control

network such as TCP/IP Ethernet. There shall be support for at

least 600 various devices. An I/O server toolkit shall be available

for third parties to develop custom I/O servers.

b. Ethernet-Based Communications

1) The HMI communications server shall include support for ELIN

(UDP) and TCP/IP point to multi-point communication with

Modbus Ethernet devices.

c. On-line Communications Statistics and Error Checking

1) The HMI communications server software shall include a standard

display to show communications statistics and errors in real-time

for each device and circuit in the runtime mode. It shall display

the polling rate; time of the last poll and the time elapsed since

the last poll. The server shall also display communication

statistics with counters for number of communication attempts,

number of successful attempts, number of failed attempts, and
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the throughput expressed as a percentage of successful polls.

Communication errors shall be broken down by type and counters

shall display totals for No Response Errors, Failed CRC Check

Errors, Framing Errors, Connection Fail Errors, Short Responses

and Lost Connection Errors.

d. Protocol Trace and Error Logging

1) The HMI communications server shall be capable of logging

communication errors, sends, receives and events such as taking

devices or circuits on/off scan to the HMI system logger. User

selectable port tracing shall provide all data traffic through

communication ports for display or disk file.

e. Data Historian

1) The HMI system software shall provide a real-time relational

database historian for long term storage of process data. The

Data Historian shall provide for the storage of real-time and

historical data for each analog, discrete or string tag name. The

data historian shall also store summary, event, alarm and

configuration data. The database engine for the historian shall be

based on a full licensed copy of Microsoft SQL Server 2016 and

supports client/server architecture. The user shall not be required

to know Microsoft SQL Server to install and implement the

historian. The data historian database shall acquire and store

process data at full resolution. The data historian database shall

include normalized extension tables for real time data and include

a set of client tools for data analysis and reporting.

2) While there are always physical limiting factors such as disk

space, there shall be no programmatic limit to the amount of data

that may be stored on-line. Additionally, there shall be no

performance penalty for long term data storage. There shall be no

discernable difference in retrieval speed of data based on the age

of the data. For example, the retrieval of two hours data stored

two years prior, shall be the same as for two hours of data stored

one day ago.

f. Data Compression

1) The database shall support high-speed data acquisition and

2) efficient data compression. The data compression for the data

3) historian shall not use any algorithms that does not allow for the
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4) storage of the tag name data at their scanned rate. The stored

data

5) records shall be able to recreate the process data in a loss-less

6) format. Below are the data storage techniques to be employed for

7) the various types of data.

g. Discrete Storage Requirements

1) The Data Historian system shall provide no less than 2 TB of

storage for discrete information.

h. Delta Analog Storage Requirements

1) The Data Historian system shall provide no less than 1 TB of

storage for delta analog information

i. Cyclic Storage Requirements

1) The Data Historian system shall provide no less than 5 TB or

storage for cyclic analog information.

j. String Storage Requirements

1) Data shall be capable of storing string, or text, data. Each string

may be up to 512 characters in length. With each string value

stored, a quality field shall be stored as well. The quality field shall

be a minimum of 32 bits (4 bytes) in length.

k. Standardized Database Tables

1) The process of setting up the database tables shall be

automatically configured and require no database engineering.

Data definitions including the creation of database objects, such

as tables, indexes, constraints, defaults, rules, stored procedures,

triggers, and views shall follow a standard, published and readily

available database schema. This standard database schema

shall outline the relationship between tables, table columns, keys

and indexes and shall allow for third party development of client

applications. Database device sizes shall be dynamically

allocated during database installation depending on the number

of tag names to be stored within the Data Historian.

l. Import of Tag Name Database

1) The Data Historian shall provide a user interface to directly import

the real time HMI or tag name databases for real-time and

historical logging. The import utility shall allow the user to browse
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the network and select the HMI server application directory for

importing. The import utility shall support importing tag name

databases and data collection from multiple HMI server nodes.

Importing a tag name database shall not require the user to

redefine tag name information for storage. When a tag name

database is imported all attributes shall automatically map to the

appropriate table types within the data historian. Importing of

changes made in the HMI tag name database shall be done

without the requirement to re-import the entire HMI tag name

database. Only updated or new HMI tag names shall be imported.

m. Historical Data Point Configuration

1) The Data Historian shall include a stand-alone database editor to

modify the parameters of any tag name without using the HMI

database editor. It shall be possible to configure the analog data

storage rate for each point based on a user-defined rate

frequency (cyclic storage) or upon change (delta storage). Cyclic

storage rates shall be configurable per point from 1 seconds up to

hours. The historian database shall support a 5-millisecond

resolution for tag names configured with delta storage.

n. Historian Data Acquisition and Retrieval

1) The data historian shall acquire data via automatic and manual

methods. Automatic data acquisition shall be through industry

standard data transports. Data Acquisition via OLE for Process

Control (OPC) in addition to any proprietary transports shall be

supported. The method for retrieving data shall be Structured

Query Language (SQL). It shall be possible to store data at one

resolution and query at another. There exist methods to query

and retrieve data cyclically, with millisecond resolution, no matter

the storage mode. It shall be possible to query and retrieve data

in delta, with user selected dead band criteria and millisecond

resolution, no matter the storage mode. It shall be possible to

query and retrieve evenly spaced data over long periods of time

where the criteria are a row count, no matter the storage mode.

o. Dynamic Configuration and Bump-less Data Initialization

1) The Data Historian shall automatically begin to acquire tag data

immediately after a tag configuration has been committed to the

database. Adding a single tag or multiple tags to an existing
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historian database shall not affect the data acquisition of

previously defined tag names. Client connections shall not be

affected during reconfiguration due to dynamic configuration.

Additionally, there shall be no loss of data for tags where data

acquisition configuration is not changed. Tags that require a

change in data acquisition configuration shall obviously lose data

during the period of their re-initialization.

p. I/O Driver Data Buffering

1) The Data Historian shall support I/O Driver data buffering or

“Store-and-Forward”. This feature allows data to be buffered on

the node where the I/O Driver resides (assuming that it is not the

same node where the Historian resides) should the connection

between the I/O Driver and Historian nodes fail. In this case, the

I/O Driver shall buffer, or “Store”, data on the local hard drive of

the I/O Driver until the connection is restored. At this point, the I/O

Driver shall send, or “Forward”, the buffered “old” data to the

Historian node to be historized. Selection of this feature shall be

via a standard user dialog.

q. Manual Data, Out-of-Sequence Data, and Superseded Data

1) The Data Historian shall support Manual Data, Out-of-Sequence

Data, and Superseded Data. Manually entered data such as Lab

Data and Out-of-Sequence Data such as batched history data

from aT2750 Distributed Control System shall be treated by the

retrieval engine as if the data were stored automatically. Any

historized data may be superseded by manually inserting the

correct data value and a flag denoting that the previous data has

been superseded. The original data shall not and cannot be

modified or destroyed. An SQL client tool may request original

data, superseded data, or both. Manual Data, Out-of-Sequence

Data, and Superseded Data shall be inserted into the Historian

via an SQL Insert statement, or in bulk via Comma Separated

Variable (CSV) file. Only users with proper login credentials shall

be allowed to manually insert or modify data.

r. Data Quality

1) All stored data shall contain data quality attributes. The primary

Data Quality attribute shall reflect Data Quality as defined in OLE
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for Process Control (OPC). Additional quality attributes shall be

used for initial data (startup flag) and superseded data.

s. Event System Configuration

1) The Data Historian shall contain an event sub-system to monitor,

record, and or respond to process or system events and to trigger

some type of action when the event is detected. The event

system shall detect an event occurrence using pre-defined and

configurable criteria; historically log when an event occurs and

trigger designated configurable event actions based on the event

detection. Event attributes shall be logged to the database and

shall include the date and time that the event occurred and the

event criteria that were satisfied.

t. Event Configuration

1) 1. Using a point and click approach, the system shall allow users

to create/define event tag names and associate event tag names

to event detectors and the resulting actions. The user shall be

able to insert a time delay in milliseconds before the event action

is triggered and establish the priority of the event as normal or

critical. It shall be possible to detect an event based on scheduled

time interval, a specific analog value crossing a threshold or a

discrete value going from 0 to 1 (leading edge), 1 to 0 (trailing

edge), or both. An event editor shall be provided to support

complex SQL event detectors and event actions.

u. Event Action

1) The Data Historian event detectors shall determine that an event

has occurred and trigger an associated action. Event detectors

shall scan for events at the user-defined rate for each event. The

user shall be able to select from any one of four actions when an

event is detected. Event actions shall include 1) execution of an

SQL statement to perform an SQL query on the database; 2)

taking a snapshot and recording the time stamp and values of

one or more selected analog or discrete tags; 3) sending a

Microsoft Exchange e-mail message to designated recipients and

4) change the cyclic time and/or value delta storage rate for one

or more analog tag names. The ability to modify the storage rate

based on an event allows fast logging of data to gather more

valuable process data to assist in troubleshooting.
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v. Database Summary System

1) The Data Historian shall provide user configurable data summary

tables for any analog tag name and to automate the collection of

aggregate historical information based on a timed event. The

summary system shall support minimum, maximum, average and

summed calculation types for Minute, Hourly, Daily, Weekly and

Monthly frequencies. The summary system shall store the tag

name, value, type of calculation, and frequency as defined for

each tag name.

w. Historian Interface to Other Relational Databases

1) The Data Historian shall utilize Microsoft’s Data Transformation

Services to simplify the transfer of historical process data with

other SQL Server databases like Microsoft SQL Server or Oracle.

The historian database shall include an OLE DB Provider (Object

linking and embedding of databases) so that any other SQL client

can access the real-time or historical process data from the data

historian.

x. Disk Storage Management

1) The Data Historian shall not require specialized tools for disk

storage management. It shall be possible to archive and retrieve

historical data files using standard Windows® copy techniques. It

shall be possible to retrieve select portions of archived data

without retrieving all archived data. Retrieval of the archive data

shall automatically place this data on-line and available for

retrieval by the Data Historian.

2) The Data Historian shall approach zero-administration as nearly

as possible. The Data Historian shall provide for a mechanism

whereby current files on a disk drive that is nearly full shall

automatically be moved to a secondary device. The files and

available space on the secondary drive shall be monitored as well

such that when a user-defined threshold is reached, the oldest

files may be automatically deleted to preserve the integrity of the

system. Historical files shall never be deleted from the primary

storage device if a secondary device is configured.

y. Software-based Remote Alarm and Messaging

1) The HMI system shall include a software-based alarm &

messaging communications to perform remote alarm notification
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and data acquisition and control to cell phones or tablets when so

programmed. The alarm & messaging function shall permit users

to be away from a workstation to perform other duties and still be

able to acknowledge and respond to alarms as well as operate

the system remotely. This software shall also allow the system to

run unattended. The system shall log all system events (i.e.

alarms, user actions, etc.) directly to a printer or to a log file. The

alarm & messaging software shall support connectivity to multiple

HMI servers simultaneously and if the alarm & messaging detects

a server connection failure the alarm & messaging system shall

generate an alarm and notify the operator.

SS. ALARM NOTIFICATION METHODS

1. The alarm & messaging software shall be Win911 Advanced. Software

features are shown below.

2. Notification Options:

a. All notification options shall support single or bi-directional

communications, acknowledgments and custom formats. These shall

include:

1) Mobile 911 Smart Phone Apps for Apple or Android

2) SMS text (supporting Ethernet & serial based modems

3) Email supporting rich HTML or plain text (SMTP, POP, IMAP,

SSL/TTS

4) Voice, supporting text to speech, TAPI and VOIP (SIP) or analog

phones

3. Scheduling:

a.  Program notification logic shall apply individual and shared schedules.

The software shall determine who is available in real time when an

alarm condition is met. The following shall be supported:

1) Complex shift schedules

2) Holiday schedules

3) Floating holidays

4) Schedules which roll over to the next day

4. Reporting:

a.  The following shall be supported:

1) Creation of report templates to allow rapid configuration
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2) Plain or rich text

3) Reports scheduled according to preset rules

4) Alarms by elapsed period, alarm conditions or data values.

5) Receipt of reports on any device.

TT. HMI System Software Installation and Licenses

1. The HMI software shall be easily installed from a single DVD or a set of

DVD’s using a standard install program. During the installation procedure,

the user shall be able to select the features and functions required for each

workstation or server in the HMI system. While loading the selected

software it shall be possible to redirect the location of the software

components. The HMI software shall be licensed using software license

files that can be easily restored to the system in case of hard drive failure.

No hardware keys shall be required to run the software.

2.5 EQUIPMENT CONTROL AND CONTROL MODE OVERVIEW

A. General

1. Appended to this section are the equipment control programming

requirements, with requirements for the Eurotherm T2750 PAC

programming and the minimum operator interface functions. The HMI shall

be Wonderware InTouch and the requirements represent the anticipated

display generation requirements and shall be adjusted if the Eurotherm

T2750 PAC programming warrants adjustment.

B. Control Modes

1. There shall be two general control modes available for the process

equipment: 1) remote manual, and 2) remote auto. Remote manual control

provides a means for operators to adjust equipment status or set point,

through the HMI, using manually initiated commands. A variety of

faceplates shall be created that allow users to easily perform viewing,

changing, and setting set points and other process values. The faceplates

will allow users to program a set of faceplates for their specific

requirements, which may be different from another user’s set of faceplates.

Their set of faceplates can be easily accessed in a file structure format.

Remote automatic control provides a means for automatically changing

equipment status or set point based on measured process parameters,
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calculated values, or operator set points. Some equipment may have more

than one remote auto mode.

2.6 DETAILED EQUIPMENT CONTROL DESCRIPTIONS

A. Database

1. The system database, including field I/O and internal points shall be

established according to the database point naming conventions approved

by the Owner. Database generation for field l/O shall include all required

coordination with the Eurotherm T2750 PAC tag names.

2. Database point tag names shall match the device numbers as detailed on

the drawings. In cases where more than one point is associated with a

piece of equipment, the database point tag names shall be the same as the

device tag name with an appropriate extension.

3. PMCS Supplier shall submit the database point tag name convention to the

Owner for review and approval prior to beginning the determination of the

I/O point tag names.

4. The facility database shall be configured so all database points are defined

as belonging to a specific area (as allowed by the graphical interface

software). The areas designated for the facility shall be coordinated with the

Owner.

B. Trend Displays

1. Trend displays shall be integral to the HMI and shall not be third party

programs and shall be developed to present real-time and historical

process data in an X-Y graph format. Real-time trends shall utilize current

process values to generate temporary graphs that do not retain data values.

Historical trends shall utilize historically collected data and shall access the

data files directly for use in the trend display. Historical trends shall allow

paging forward and back to the limits of the collected data. The trending

package shall be configured to automatically retrieve historical data from

the proper data file to accommodate the paging functions. Content of the

trends will be determined after meeting with the Owner. The quantity of

real-time trend displays and historical trend displays shall be as required.

C. Alarms

1. Complete system alarming shall be configured. This shall include

configuration of graphical alarm displays, and configuration of audible
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alarms through the HMl speakers. All process or system alarms shall

appear on an alarm summary screen and the alarm banner of each process

graphic – the alarm banner shall appear on the top of the point page

screen. Alarms and events shall be color coded on the alarm summary

screen, with initial colors based on Owner conventions or the default colors

associated with the graphics package. The colors may be adjusted after

meeting with Owner. Alarm prioritizing and area assignments (if any) shall

be coordinated with Owner at the first configuration meeting.

2. For LOW or LOW-LOW analog or discrete alarms which do not apply if

associated equipment is not operating, provisions shall be made to prevent

generation of the alarm unless the associated equipment is operating. This

shall include alarms such as low amperage alarms for pumps that are not

running. This may also include low flows or pressures when associated

pumps are not operating.

3. All alarms/events shall be time stamped when displayed or printed.

Unacknowledged alarms shall not automatically clear from the alarm

summary if they return to normal before being acknowledged.

D. Reporting

1. System reporting shall be accomplished using the standard operator

interface software-reporting package (Dream Report). All necessary report

development, including macro development in spreadsheets, shall be

supplied to access real-time and historical data for reporting. The quantity

of historical, monthly facility reports shall be as required.

E. Historical Data Collection

1. System data shall be collected for historical archiving and for use in

trending and reporting functions. Wonderware Historian shall be used.

Requirements for data collection shall be as needed to support the trends

and reports developed.

F. Manual Entry of Data

1. The HMI computers shall allow manual entry of laboratory data and other

variables, which shall then be available for display and use in reports.

Operator entered commands from any of the HMI computers shall be

logged at all HMI computers.
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2.7 CONTROL ROOM COMPONENT COMPUTERS

A. General

1. Provide quantities as shown on Drawings.

2. All software shall be furnished in their original boxes.

3. Provide products listed below, or most recent version thereof, new,

submitted in the original packaging including manuals.

B. Servers/Historians

1. HP ProLiant DL380 Server.  The computer shall have the following

minimum features and accessories:

a. Windows Server 64-bit OS

b. Intel Xeon E5-2623v3 (3.0 GHz/4-core/10MB/105W) FIO CPU

c. 16GB (1x16GB) Dual Rank x4 DDR4-2133 CAS-15-15-15 Memory

d. HP DL380 Gen9 Universal Media Bay Kit

e. HP Embedded P440ar/2GB FBWC 12GB 2-Ports Internal FIO SAS

Controller.

f. HP 8-Bay Small Form Factor Drive Cage

g. 4 HP 1TB 12G SAS 7.2K RPM SFF (2.5-inch) SC 512e 1 year

warranty hard drive.

h. HP RAID 5 Drive 1 FIO Setting

i. HP 9.5mm SATA DVD-RW JackBlack G9 Optical Drive

j. HP 800W Flex Slot Platinum Hot Plug Power Supply Kit

k. HP 2U Small Form Factor Easy Install Rail Kit

l. HP USB BFR with PVC Free Keyboard/Mouse

m. HP Ethernet 1 GB 4-port 331FLR Adapter

n. HP iLO Advanced including 3yr Tech Support 1-Server License

o. Dashboard Screen: HP Z43 Display consisting of:

1) Display Size: 42.5”

2) Brightness: 350 cd/m2

3) Contrast Ratio: 1000:1 static; 5000000:1 dynamic

4) Response Time: 8 ms gray to gray

5) Aspect Ratio: 16:9

6) Resolution (native): 4K UHD (3840 x 2160 @ 60 Hz)
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C. Client Workstations

1. HP EliteDesk 800 G2 SFF workstations. Each workstation shall have the

following minimum features and accessories:

a. Windows 10 64-bit OS

b. Intel Core i7-6700 3.4G 8M 2133 4C CPU

c. 8GB DDR4-2133 DIMM (2x4GB) RAM

d. 2 x 500GB 7200 RPM SATA 6G 3.5 HDD

e. RAID 1 Configuration

f. 9.5mm SuperMulti DVD-RW ODD

g. HP DisplayPort to DVI-D Adapter

1) SATA 2nd SFF HW Kit

2) HP USB Business Slim Keyboard

3) HP USB Mouse

4) 3/3/3 SFF/ST

5) Warranty US

h. HP EliteDisplay E273 consisting of:

1) Display Size: 27”

2) Brightness: 250 cd/m2

3) Contrast Ratio: 1000:1 static; 5000000:1 dynamic

4) Response Time: 5 ms on/off

5) Aspect Ratio: 16:9

6) Resolution (native): FHD (1920 x 1080 @ 60 Hz)

i. Microsoft Office Professional and related software.

D. Printers

1. Two (2) Hewlett Packard Color LaserJet Ent MFP M776 Series

a. Functions:  print, copy, scan and fax

b. Print Technology: laser

c. Printer page yield: Average black and color composite (C/M/Y)

declared toner yields based on ISO/IEC 19798 and continuous

printing. Actual yields vary considerably based on images printed and

other factors.

d. Resolution: up to 1200 x 1200 dpi

e. Monthly duty cycle: up to 200,000 pages.  Duty cycle is defined as the

maximum number of pages per month of imaged output.

f. Recommended monthly page volume: up to 40,000 pages

g. Two (2) spare sets of black toner cartridges
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h. Four (4) spare sets of color cartridges

2. Three (3) HP LaserJet Enterprise 700 color MFP M775 Series

a. Functions:  print, copy, scan, digital send, easy access USB

b. Print Technology: laser

c. Printer page yield: Average black and color composite (C/M/Y)

declared toner yields based on ISO/IEC 19798 and continuous

printing. Actual yields vary considerably based on images printed and

other factors.

d. Resolution: up to 600 x 600 dpi

e. Monthly duty cycle: up to 120,000 pages.  Duty cycle is defined as the

maximum number of pages per month of imaged output.

f. Recommended monthly page volume: 2500 to 7500 pages

g. Two (2) spare sets of black toner cartridges

h. Four (4) spare sets of color cartridges

3. Paper

a. Twenty (20) boxes (2000 sheets each), 8.5”x11” (letter)

b. Ten (10) boxes (2000 sheets each), 11”x17” (tabloid)

E. Furniture

1. Provide computer desk consoles for each workstation by Wrightline Profile

or approved equal. The desk shall be the supplier's standard 30" depth

furniture configuration with 16" Profile Flat Panel Display Wall, skins and

trim.

2. The desks shall include swing arms for the LCD monitors. Side units shall

be provided for printer stands. Each desk shall include a professional

workstation chair with pressurized lift/drop, seat tilt, back tilt, and back

height adjustment. AutoCAD drawings for the furniture shall be submitted

for review prior to procurement by the system supplier.

F. Process Graphic Displays

1. Process Displays shall be the major vehicle for operator interaction with the

treatment process. These displays shall enable speedy access and

capability to manipulate process control variables and perform standard

operator tasks such as ramping values, responding to alarms, and printing

reports. The I/C System shall include the development of no less than

twenty-five (25) process graphics. The backgrounds for many of these

graphics may be provided by the Owner. AutoCAD files (coordinate version

with Owner) of these drawings will be made available to the PMCS Supplier
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to assist in the accurate development of all such process graphics. The

development of these graphics shall be an interactive process with the

Engineer. Process displays shall include the following automatically

generated displays representing the control hierarchy:

a. Select Screen: A Select Screen shall be furnished to show an overview

of all compounds and blocks in the process application. The Select

Screen shall present a hierarchical representation of the control

database showing a logical grouping of control block algorithms within

compounds. This screen shall allow the user to turn compounds on

and off and access control block detail displays for any selected block

to perform control actions such as ramping and toggling between auto

and manual. The display shall indicate the compound ON/OFF status.

Block entries shall include the block name, block type, and A/M

(auto/manual) status.

b. Station Display: The Station Display shall additionally provide global

data on the internal control processor system functions, such as,

continuous block processing load, total processor load, basic

processing cycles and overruns, number of bytes of dynamic free

memory, and number of peer-to-peer connections.

c. Compound Detail Displays: Compound Detail Display and Block Detail

Displays shall be automatically generated based on the control

database. The Compound Detail Display shall provide information

related to the compound such as: period associated with execution

time, compound phasing, block alarm level inhibit, highest block alarm

level within compound, operational state of sequential control blocks

within compound, initialization state and names of the device groups to

which block alarm messages are sent.

d. Block Detail Displays: The Block Detail Displays shall be supplied for

each block in the database and shall contain a faceplate, a button

matrix to open various overlays, a block alarm summary, the contents

of the control input/output page, and a set of buttons to manipulate the

parameters. Block displays shall allow the user to tune loops, take

corrective actions, perform process control actions (ramping,

manually), view alarm text and alarm states, view and control alarm

action and view trend data. Additionally, any process display shall

include user-defined displays for:
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e. Group Displays: Group displays shall provide for grouping process

displays into specific layouts to meet changing operational needs.

Information for up to eight block faceplates and trends in a

four-over-four layout shall be configured along with control buttons,

such as acknowledge alarm, invoke block detail display, toggle a

Boolean value and toggle auto/manual state. Anticipate no fewer than

ten (10) group displays as being required.

f. User Graphics: User-defined displays depicting specific views of the

plant operations and control shall be created and configured for

monitoring and managing the process using the graphical

editor/configurator for building and configuring displays as described

elsewhere in these specifications.

g. Process displays shall be invoked from the bottom menu bar by a

display button that cascades to display the menu directory with the

display subdirectories and files located in each; Disp_1 and Disp_2 to

access the display files within those subdirectories; the Display bar

which lists the displays by name or mini display, and the list of the

Most Recently Used Displays in the File menu. Display access via the

top menu bar and Display Bar shall be capable of being customized for

specific user requirements including and not limited to displaying the

Re-Pump Station screens, once available.

G. Real-Time Trending

1. The Historian trend areas shall be comprised of a collection of pre-built

display fields that show line trends representing changing data values from

the real-time database and historian database. They shall be continuously

updated trend graphics initially displaying the most recent trend variable

data from the historical database. Trend data shall be displayed as a series

of plotted points connected by straight lines and is scaled according to the

high and low scale limits configured for each trend line. Trend data shall

scroll to the left as new trend data is displayed on the right at the configured

scan rate. Scrolling and updating of real-time trends shall start immediately

after calling up the display. VDMS trend areas shall have any of the

following fields:

2. Up to four trend lines per graph representing viable types (e.g., Real,

Integer, Packed Boolean).

3. Time duration of trend graphs as HH:MM:SS (hours, minutes, seconds).

Scan rate of real time data collection every three seconds.

4. Data parameter type (i.e., MEAS) and related numeric value (i.e., 96/61).
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5. Off normal and specific status conditions (e.g., Out of Service) shown with

different colors and/or line styles.

6. Time stamp along X axis on even tick divisions.

7. Pause button freezes trend scrolling shall enable forward/backward paging

through historical data, and provides numeric readout for requested time.

H. Process Alarming

1. The Video Display Management Software (VDMS) shall provide access to a

separate Current Alarm Display (CAD) window via the Process button in the

Status Bar. If blinking, the Process button shall indicate that

unacknowledged alarms have been received by the alarm subsystem. By

selection of the Process button, any configured workstation horn shall be

silenced and access to the CAD, providing current alarm messages shall be

initiated. An Alarm History Display (AHD), shall be accessible from CAD, to

provide a list of alarm messages sent to the historian for blocks in alarm

and blocks returned to normal.

2. Current Alarm Display: The CAD shall provide a list of current alarm

messages queued based on a user-configurable sorting method. Each

alarm message shall state the date and time of the alarm, the compound

block parameter in alarm, the value and state. Color coding shall be used to

indicate the priority of the block alarm allowing immediate focus on the most

critical process alarm condition(s). The CAD shall be capable of being

toggled between a 10-alarm and a reduced 3-alarm presentation in viewing

alarm information. From the CAD window, the operator shall be able to

acknowledge alarms and/or clear alarms from the CAD and the workstation

alarm database, access the process display related to the selected

parameter in alarm for analysis, access the display related to the current

highest priority alarm (Top Priority Display) determined by the configured

sort, scroll backward and forward through the most recent 100 alarms and

access the Alarm History Display.

3. Alarm History Display: Accessible from the CAD, the Alarm History Display

(AHD) shall list historized alarm and return-to-normal (RTN) messages in

the same format as the CAD. The multi-page display shall present to the

user the last 5000 process alarm and return to normal messages.

4.  Soft Alarm Panel Display: The (VDMS) shall also provide access to other

software for the display of configurable soft alarm panels. Where specified,

these soft alarm panels shall collect plant alarm information at run-times

and provide a means for alerting operators to alarm conditions for corrective

action. The buttons shall flash or change color to indicate alarm conditions.
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A Panel Manager shall display a button representation for each alarm

panel. The highest priority alarm for an alarm panel triggers a color change

or blinking state on the Panel Manager button representing that panel. The

overall panel status shall then be depicted by the Panel Manager.

Additionally, this configurator shall be capable of data exports and imports

via CSV format thereby facilitating configuration using third party tools, such

as spreadsheets or databases.

I. Application Software Accessibility

1. System Management: The system management software shall be

accessible via a (VDMS) and shall provide the capability to monitor system

health via a hierarchy of color-coded station and peripheral displays. A

System button on the Status bar shall indicate unacknowledged equipment

failures when blinking. Selecting the button shall provide direct access to

the System Management Display Window.

2. System Management Displays Window: Additional system displays shall be

provided to set the date and time, communication counters for analysis,

equipment information for selected equipment for analysis, and equipment

change actions, such as putting the equipment on- or off-line.

3. Historian: The VDMS shall provide access to the Historian software which

shall be an easy-to-use data collection tool. The Historian shall collect,

process, and store process data for trends, logs, reports, spreadsheets, and

application programs. A typical historian database shall contain process

analog and/or digital variables (points), application generated messages,

and system and process alarms. The Historian shall be available for 500

points. It shall be the responsibility of the system manufacturer, or

authorized, contracted representative to furnish the size historian in

accordance with the total number of points specified, including spare

capacity.

4. The application software developed will require the inclusion of the

capability for properly authorized operational and management personnel to

make changes in basic operational parameters and set points. These

parameters and set points shall include items such as set point levels, time

delays, etc. The application software shall provide no less than six definable

levels of password based security to permit a differentiation between

personnel authorization levels.
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PART 3 - EXECUTION

3.1 GENERAL

A. Wherever feasible, use bottom entry for all conduit entry to instruments and

junction boxes.

B. Install electrical components per Division 26.

C. Panel-Mounted Instruments:

1. Mount and wire so removal or replacement may be accomplished without

interruption of service to adjacent devices.

2. Locate all devices mounted inside enclosures so terminals and adjustment

devices are readily accessible without use of special tools and with terminal

markings clearly visible.

3.2 EQUIPMENT, MATERIALS AND WORKMANSHIP

A. All work, including installation supervision, calibration, testing, adjustment, start-

up and maintenance, shall be done by the System Manufacturer's qualified

experienced personnel who are technically skilled in their trade, are thoroughly

instructed, and are competently supervised. The resulting completed

installation shall reflect professional quality work, employing the highest

industrial standards and methods.

3.3 FACTORY ACCEPTANCE TESTING

A. The complete system, including all, peripheral devices and interconnecting

cables shall be assembled on the factory test floor, and all system hardware

and software shall be completely factory tested under simulated operating

conditions.

B. All system components shall be individually subjected to system diagnostic and

manufacturing quality assurance procedures and tests.

1. The testing procedure shall incorporate the following sections:

a. Control Processor Units

b. Input / Output Subsystems

c. Digital Inputs and Outputs

d. Analog Inputs
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e. Analog Outputs

f. Application Software

2. Upon completion of the hardware testing and prior to the witnessed Factory

Acceptance Test (FAT), the PMCS manufacturer shall submit a Certification

of Test Performance and Compliance to the Engineer.

C. Application Testing: The PMCS database, and graphic and control application

software developed for the system shall be loaded and tested.

1. The I/O Data Base shall be verified to insure that appropriate linkages,

ranges, and alarm assignments have been made. All analog and digital

signals for the system shall be tested. Analog input signals shall be

simulated using appropriate current or voltage sources and milliamp meters

provided to indicate analog output signals. Digital inputs and outputs shall

be wired to appropriate types of dry contact switches and indicating lights.

2. Functional tests shall be conducted to confirm that the control loop/logic

performs as defined on the loop drawings and/or specifications. The action

of all controllers shall be checked in both manual and automatic modes with

outputs checked for proper direction and magnitude. Override and interlock

logic shall be exercised and verified.

3. Each display shall be reviewed for content and verification of data field

linkages.

4. Process Management Report formats shall be loaded and the configured

Historian data base and reduction groups verified by activating the reporting

program. A portion of the real time data base shall be simulated (via manual

inputs) to provide real numbers to historize. The resulting report content

shall be verified to insure appropriate linkages, format, calculations and

reporting frequencies.

5. Upon completion of the application software testing and prior to the

witnessed Factory Acceptance Test (FAT), the PMCS manufacturer shall

submit one (1) certified copy of all test data and results to the Engineer. The

documentation shall include a certification indicating that all system and

application software have been tested and functions in accordance with the

specifications and approved software submittals.
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D. Factory Acceptance Test (FAT): The FAT is a functional test witnessed by the

Engineer/Owner performed on the complete system with all peripheral devices

and interconnecting cables staged on the factory floor prior to shipment. This

FAT shall provide assurances that the configured system conforms to the

approved hardware configuration and functions in accordance with the contract

specifications.

1. The control system shall run continuously throughout the scheduled FAT

(minimum 100 hours) without hardware or software system failure as

defined in this specification. If a system failure occurs during the test, the

test period shall be restarted after its operation is restored.

2. The FAT shall be witnessed by engineer/owner representatives who have

authority to accept or reject any of the system tests performed during the

FAT. The I/C System Manufacturer shall provide the Engineer at least ten

(10) working days written notice prior to commencing the FAT.

3. The PMCS Supplier shall submit two (2) copies of the FAT procedures to

the Engineer sixty (60) days prior to the anticipated start date of the FAT.

The FAT procedures shall define how each of the tests defined hereunder

are to be conducted, the expected results, the methods by which

discrepancies are to be resolved, and a test schedule.

4. The FAT shall take place in functional phases with each phase containing a

series of tests to establish conformance with the specifications. This testing

shall include a configuration audit, human interface demonstration, data

acquisition testing, process control functional testing, data management

testing, failure mode testing and system diagnostics. Nothing in this

requirement would preclude the overall spectrum of FAT to occur in one

continuous series of days.

a. A configuration audit shall be performed on the hardware provided for

the system. This audit shall include identification of all system

processors, enclosures, peripherals, cabling, I/O boards and terminals.

Physical appearance and workmanship, hardware redundancy,

furnished spare allocations and expandability shall be verified for

conformance with these specifications. A check is also made to

determine that all required simulation equipment is available to

properly conduct the FAT.
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b. The overall display structure shall be explained and demonstrated,

including environment configurations and assignment of passwords for

security. The menu display contents shall be reviewed to demonstrate

how an operator navigates within the overall display structure.

Operation of each type of human interface device, including the

function panels, keyboards, and trackballs, etc. shall be demonstrated.

Each graphic display shall be reviewed for correctness in terms of the

layout, symbols, color scheme, etc. The operation of standard alarm

management displays (Current Alarm Display, Alarm History, etc.)

shall also be demonstrated.

c. The system data base shall be tested utilizing input simulation

equipment (analog and digital) to confirm the functionality of the data

acquisition system.

1) For analog points, the input shall be verified at three points in its

engineering unit range (0, 50, and 100 percent). When cycling

through this range, data base alarming functions shall be

demonstrated by noting graphic display, alarm display, and hard

copy alarm notification messages when designated alarm limits

are exceeded. The analog input test shall also be used to verify

the scan rate, any offset or gain, digital filtering, delta band and

engineering unit’s conversion.

2) Digital points shall be toggled to confirm their status change and

scan rate. Data base linkages shall be verified by observing

associated display data fields while changing the state of the data

base point and noting the change in state/color in the respective

field, and if an alarm, the annunciation on the alarm display

system and/or hard copy message.

3) Using the loop drawings and functional descriptions, the

functionality of each control loop (ladder, sequence, or software

block) shall be demonstrated. With the use of Input / Output

simulation equipment, the operator displays shall be manipulated

to demonstrate that each loop operates with the proper action in

both the manual and automatic modes. Interlock logic, alarms and

trip points shall be toggled to demonstrate conformance with the

agreed upon functional definitions.

4)  A data management test shall demonstrate that data collection

occurs and that the information collected and stored can be

retrieved and displayed in the form of reports or historical trends.

Manual entry of data shall be demonstrated. This data, along with
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the real time data collected (simulated via manual input at the I/O

module) during the FAT, shall be used to generate sample reports

to confirm that report format, calculation algorithms and reporting

frequencies conform to specification.

5) The effect of system malfunctions on the process controls shall be

demonstrated through a failure conformance test to show

compliance with the requirements of these specifications. Failure

modes tested shall include loss of primary power source, loss of

primary processor(s) in fault tolerant/redundant systems, loss of

system communications and loss of primary output reporting

device.

6) A systems diagnostics test shall verify the network diagnostics

provided with the system. The system alarms generated during

the previous test shall be observed, investigated as to cause and

acknowledged through the displays. The performance information

statistics of the stations and peripheral equipment shall also be

reviewed. On-line diagnostic capabilities of the system shall be

demonstrated.

5. Documentation shall be maintained to provide evidence that the tests have

been satisfactorily performed. Upon completion of the Factory Acceptance

Test (FAT), the PMCS manufacturer shall submit two (2) certified copies of

all test data and results to the Engineer. Acceptance will be given by the

Engineer for all satisfactorily completed tests and where, in the judgment of

the witness, the identified discrepancy can be resolved and re-tested after

shipment.

6. In the event that the system does not function as specified, it shall be

modified at the factory to meet the specification requirements, and shall be

retested as specified herein. All of the Engineer travel and costs associated

with the retesting and witnessing shall be borne by the PMCS Supplier.

7. The Engineer will give written notice of the acceptability of the factory tests

within thirty (30) days of receipt of the factory test results. The system shall

not be shipped until this notice has been received from the Engineer.
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3.4 INSTALLATION

A. General: The PMCS Supplier shall supervise the installation of all equipment.

Subsequent to the installation, the PMCS Supplier shall certify to the Engineer

that all equipment has been properly installed. All physical installation shall be

performed under the supervision of the PMCS Supplier, including equipment

setting, power, grounding and system interconnections.

B. The PMCS Supplier shall furnish the services of factory trained engineer(s) to

check the completed installation and to make all necessary adjustments for

satisfactory operation of the system. There shall also be furnished complete

installation drawings and instructions in accordance with the Specifications.

3.5 CALIBRATION

A. General: The PMCS Supplier shall calibrate the complete system after

installation. This shall ensure that those components having adjustable features

are set carefully for the specific conditions and applications of this installation

and that the components and systems are within the specified limits of

accuracy. Defective elements which cannot achieve proper calibration or

accuracy, either individually or within the system, or subsystem, shall be

replaced.

1. Analog input channels shall be verified at 25 percent, 50 percent and 75

percent of span by applying simulated analog test signals. Applied test data

shall be processed by the associated PCM using programs assigned to the

particular data channels being simulated with the resulting engineering unit

data presented on the HMI display. The accuracy of the analog-to-digital

converters and data processing activities shall be verified at each

calibration step for each channel being simulated by comparing the known

input against the Root Mean Square Summation tolerances calculated for

each engineering unit data value noted.

2. The accuracy of all digital-to-analog converters shall be verified by manually

entering engineering unit data values at the man-machine interface and

then reading and recording the resulting analog output data. All analog

output data shall be compared against calculated Root Mean Square

Summation tolerance requirements.
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3.6 INSTALLATION TEST

A. The PMCS Supplier shall supervise the installation of all equipment being

furnished under this project. All installing subcontractors shall perform the

installation work under the direct supervision of the PMCS Supplier. Systems

shall be exercised through operational tests in the presence of the Engineer in

order to demonstrate achievement of the specified performance.

B. The complete integrated distributed control system test shall be performed. All

modes of operation and man/machine interactions shall be exercised.

Compliance to specified system failure detection and fail-over requirements

shall be verified by selectively disabling individual HMI displays, common logic

files, data communication equipment and data links. Compliance to signal

failure detection and response requirements shall be verified by employing

analog test equipment to apply excessive signal amplitude and rate-of-change

values. All data communication equipment shall be thoroughly tested for

function and accuracy.

C. The results of all distributed control system installation test activities shall be

documented. All analog-to-digital converter and digital-to-analog converter

accuracy tests shall be documented on test forms, approved by the Engineer,

which include calculated Root Mean Square tolerance limits for each calibration

step.

D. Upon the satisfactory completion of all distributed control system installation

tests, a certified report, including all test documentation, shall be furnished to

the Engineer together with a clear and unequivocal statement that the installed

system has been successfully calibrated, inspected and tested. The Engineer

will give his acceptance of the installation tests within thirty (30) days of receipt

of the test report if the results of the system installation tests are acceptable.

3.7 SYSTEM COMMISSIONING AND PERFORMANCE TESTING

A. PMCS commissioning and performance testing shall comply with the provisions

specified herein and the contract drawings and specifications. Further, system

commissioning and performance testing shall commence after all installation

tests and inspections have been conducted and accepted in accordance with

these specifications, and shall demonstrate that all components of the control

system can meet all contract requirements with the equipment operating over

full operating ranges under actual operating conditions.
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B. All commissioning and test activities shall follow detailed test procedures and

check lists. All test data shall be acquired using equipment as specified and

recorded on test forms, previously reviewed by the Engineer, which includes

calculated tolerance limits for each calibration step. Completion of all system

commissioning and test activities shall be documented by a certified report,

including all test forms with tests data entered, delivered to the Engineer with a

clear and unequivocal statement that all system commissioning and test

requirements have been satisfied. The Engineer will give his acceptance of the

system commissioning and test activities within thirty (30) days of receipt of the

report if the report is accepted.

C. The proper control of all final control elements and control panels shall be

verified by tests conducted in accordance with the requirements specified

herein. Where feasible, system commissioning activities shall include the use of

water to establish service conditions that simulate, to the greatest extent

practical, normal final control element operating ranges and environmental

conditions. Final control elements, control panels, and ancillary equipment shall

be tested under start-up and steady-state operating conditions to verify that

proper and stable control is achieved using the distributed control system and

local field mounted control circuits. All hardwired control circuit interlocks and

alarms shall be operational. The control of final control elements and ancillary

equipment shall be tested using both manual and automatic control modes.

The stable steady-state operation of final control elements running under the

control of field mounted automatic analog controllers shall be assured by

adjusting the controllers, as required, to eliminate oscillatory final control

element operation. The transient stability of final control elements operating

under the control field mounted automatic analog controllers shall be verified by

applying control signal disturbances, monitoring the amplitude and decay rate

of control parameter oscillations and making necessary controller adjustments,

as required, to eliminate excessive oscillatory amplitudes and decay rates.
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D. All control stations incorporating proportional, integral and/or differential control

terms shall be tuned applying control signal disturbances and adjusting the

settings as required to achieve a proper response. Measured final control

element variable position/speed set-point settings shall be compared to

measured final control element position/speed values at 25 percent, 50 percent

and 75 percent of span and the results checked against specified accuracy

tolerances. Specified accuracy tolerances are defined as the root-mean-

square-summation of individual component accuracy requirements. Individual

component accuracy requirements shall be as specified in the contract or as

specified by published manufacturer accuracy specifications whenever contract

accuracy requirements are not specified.

E. Subsequent to the performance testing of process equipment furnished by

others, the PMCS Supplier shall conduct a successful thirty (30) day

performance test for the distributed control systems furnished under this

contract. In the test, the entire DCS shall be continuously operated and

maintained (i.e., seven days per week, twenty-four hours per day) during the

test period with zero downtime resulting from system failures. If a system failure

occurs, the thirty (30) day test shall be considered a failure and not acceptable.

The PMCS Supplier shall re-initiate the thirty (30) day test. The PMCS shall be

acceptable only after all equipment has satisfied the performance test

requirements and demonstrated a system availability of 99.97 percent.

F. The system availability shall be calculated based on the following equation:

A = (MTBF X 100%)/(MTBF & MTTR)

Where,  A = system availability in percent

MTBF =  average time interval between consecutive system failures

MTTR =  average time required to repair system failure

G. Downtime resulting from the following shall be considered system failures:

1. Downtime of any system component which is automatically "backed-up"

and the back-up unit fails to automatically assume control within the

specified time or if a component failure cannot be repaired/replaced within

two (2) hours.

2. Downtime of any component (exclusive of I/O) whose failure results in the

inability of the Operator to monitor and manipulate control loops from the

associated CRC using standard man-machine interface procedures.

3. Downtime resulting from concurrent failure of any two Monitors, operator

keyboards, or trackballs which are associated with the CRC.
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4. Downtime in excess of two (2) hours resulting from any I/O component

failure.

5. Downtime resulting from concurrent failure of two (2) or more I/O

components in a single location.

H. The PMCS Supplier shall submit a performance test completion report which

shall state that all contract requirements have been met and which shall include

(1) a listing of all system equipment maintenance/repair activities conducted

during testing and (2) a listing of all components which were unable to operate

successfully. Final acceptance, in writing, of the system will be provided by the

Engineer if the results of all of the performance tests are acceptable.

I. The PMCS Supplier shall warranty the required availability of the entire

distributed control system for a period of two (2) years after acceptance of all

required performance tests. The PMCS Supplier shall be responsible for

furnishing and maintaining the spare parts/tools on-site at an inventory level it

determines is sufficient to achieve the system availability requirements

specified herein. All spare parts/tools stored on-site shall become the property

of the Owner upon completion of the two years guarantee period. The PMCS

Supplier shall guarantee the following:

1. The completed system shall perform all of the data acquisition, control and

reporting functions as shown and specified.

2. The availability of the entire distributed control system shall not be less than

99.97 percent with a mean time to repair (MTTR) of two (2.0) hours for any

consecutive period of six months during the one (1) year guarantee period.

Availability, MTTR and other supporting terminology shall be as defined in

the latest version of SAMA Standard PMC 32.1-1976.
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3.8 TRAINING OF PERSONNEL

A. The PMCS Supplier shall provide on-site training for the purpose of familiarizing

Owner’s personnel with the distributed process control system. All tuition costs

related to training courses shall be included in the PMCS Supplier’s bid price.

As used herein, the term "week" means a five (5) day, forty (40) hour week.

The training shall be scheduled a minimum of sixty (60) days in advance of

when the classes are to be given. Proposed training materials, including a

detailed training agenda itemizing relative emphasis on various topics of each

course, shall be submitted to the Engineer at least one hundred twenty (120)

days in advance of when the course is to begin. The Engineer shall review this

outline and provide comments that shall be incorporated into the course.

B. Within sixty (60) days of receipt of Notice to Proceed, the PMCS Supplier shall

submit a training plan which contains, as a minimum, course outlines and

schedules for training to be provided at the Owner’s facility.

C. A one (1) day control system familiarization course for project management

personnel, engineers and key operating/maintenance personnel shall be

provided for up to five (5) personnel. The course content shall include, but not

be limited to a description of: system philosophy; all major hardware

components utilized in the system; HISTORIAN system software functions;

control strategies associated with each terminal; system operating modes and

procedures; and, hardware and software maintenance practices.

D. A two (2) day course shall be provided at an Owner designated location for five

(5) individuals. The level of training shall be sufficient to familiarize the Owner’s

personnel with all control loops associated with the control center, with the

generation and application of control/data acquisition programs, and with all

essential system operating procedures.

3.9 MAINTENANCE REQUIREMENTS AND CONTRACT

A. The PMCS Supplier shall maintain in a completely operational state all of the

control system components furnished under this contract for a period of two (2)

years from the date of final acceptance. Maintenance personnel provided by

the PMCS Supplier shall instruct the Owner’s personnel in the operation,

adjustment, calibration and repair of equipment being serviced.
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B. Corrective hardware maintenance shall be performed by factory-trained service

technicians specifically trained for the PMCS equipment to be serviced.

Technicians possessing suitable training and experience shall be provided to

perform corrective maintenance on all other equipment. The hardware service

technicians shall be on-site within four (4) hours after notification by the Owner.

The service technicians shall be available for call eight (8) hours per day, seven

(7) days per week.

C. Corrective system software maintenance shall be performed for all software

provided by the PMCS Supplier and incorporated into the system prior to

system acceptance. Software service programmers shall be available for call

eight (8) hours per day, seven (7) days per week. Such personnel shall be on-

site within twelve (12) hours after notification by the Owner. All preventative

and corrective maintenance activities shall be performed at no extra cost to the

Owner and shall be documented with service reports which identify the

equipment/program being serviced, condition of the equipment/program,

description of all work performed, listing of all materials used, and the name

and signature of the Owner’s representative attesting to the accuracy of the

report. A copy of all service reports shall be delivered to the Owner on the day

work is performed.

D. Preventative hardware and software maintenance shall be performed at

scheduled intervals to provide a dependable and operational system. A copy of

all service reports shall be delivered to the Owner on the day the work was

performed.

E. The PMCS Supplier shall submit a separate proposed maintenance agreement

to the Owner incorporating the following features:

1. Extension of preventative hardware maintenance services (as previously

described) for a period of up to five (5) years from the expiration of the initial

two (2) year maintenance period.

2. Provisions for corrective hardware/software maintenance work (as

previously described) on a will-call basis for a period of up to five years from

the expiration of the maintenance period.

3. The proposed agreement shall include provisions for payment based upon

an annual fee for preventative maintenance, cost plus expenses for

corrective maintenance, and clauses for re-negotiation of contract prices

based upon changes in recognized economic indicators published by the

United States Department of Commerce.
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3.10 OPERATIONS AND MAINTENANCE MANUALS

A. General: The PMCS Supplier shall furnish to the Owner, Operation and

Maintenance Manuals in conformance with the requirements of this contract.

The manuals shall include data, information and drawings for the system,

subsystems, and all components and shall include names, addresses and

telephone numbers of equipment suppliers and service companies.

B. In addition to updated shop drawing information to reflect actual existing

conditions, each set of technical manuals shall include:

1.  Installation, connection, operating, troubleshooting, maintenance and

overhaul instructions in complete detail. This shall provide the Owner with

comprehensive information on all systems and components to enable

operation, service, maintenance and repair. Exploded or other detailed

views of all instruments, assemblies and accessory components shall be

included, together with complete parts lists and ordering instructions.

2. Repair parts list for each item (as applicable); such lists shall contain the

name of each item, purchase order number, model/serial number, and the

recommended repair parts to stock, along with the catalog, part, or piece

number of each such repair part.

3. Outline dimensional drawings and assembly drawings and the names of the

parts.

4. Copies of maintenance specifications, schedules, and instructions.

5. Copies of operation and adjustment instructions for all equipment and

components.

6. Processor, peripheral, and data communications equipment instruction,

reference, wiring, and option manuals.

7. Software manuals and program source and object listings, annotated in

clear English, technically correct flow charts, narrative descriptions,

diagnostics, and user's guides. Permanent copies of all programs on disc

shall be provided for the Owner’s use. Software documentation shall

include full instructions on how a program is used, including execution

procedures and system software dependency.

8. System test plans and procedures.

9. Simple, English language instructions on how to operate the system

through the HMI.

10. The PMCS Supplier shall submit five (5) copies of all Technical Manuals to

the Engineer for review prior to sixty (60) percent completion of the contract

amount as measured by monthly progress payments. The Engineer shall
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review and return two (2) copies of each submittal within thirty (30) working

days following their receipt by the Engineer. The PMCS Supplier shall make

all revisions and additions and resubmit to the Engineer five (5) copies of

the corrected Technical Manuals prior to 75 percent completion of the

contract amount. Failure to submit the corrected Technical Manuals within

the specified time frame shall be cause for withholding of monthly payments

until all Technical Manuals have been corrected and resubmitted.

3.11 SPARES

A. General: The PMCS Supplier shall furnish all spare parts required to maintain

the control system in good operating condition.

B. The PMCS Supplier shall provide the following spare parts in a quantity

sufficient enough to maintain the control system for period of two (2) years after

final acceptance. As a minimum, spare parts and supplies shall include:

1.  One (1) of each type of input/output module

2. One (1) of each type of I/O Base

3. One (1) of each type of power supplies

4. One (1) of each type of process controller

5. One (1) of each type of Ethernet /optical switch used in the system

END OF SECTION
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SECTION 40 90 05

PROCESS CONTROL NARRATIVES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Process control narratives.

B. Related Specification Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract.

2. Division 01 - General Requirements.

3. Section 40 90 00 - Instrumentation for Process Control:  Basic
Requirements.

4. Section 43 21 09 - Horizontal Split Case Centrifugal Pumps.

5. Section 43 21 22 - Pumping Equipment: Submersible Non-Clog.

6. Section 46 33 11 - Sodium Hypochlorite Chlorination Feed Equipment
System

7. Section 46 33 16 - Liquid Ammonium Sulfate (LAS) Feed Equipment System

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Reference Standards:

1. Water Environment Federation’s (WEF) Manual of Practice No. 21 –
Automation of Wastewater Treatment Facilities

B. See Specification Section 40 90 00.

1.4 SYSTEM DESCRIPTION

A. The process control narratives provide the functional requirements of the
control loops represented in the Contract Documents.

B. A Process Control Narrative is a written document that is broken into sections
for clarity and readability.
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1. The section header is on the left side of the page while the section details
are on the right side of the page.

2. These documents are written using tables for clarity.

3. The title of the Narrative should include the loop number and the process
name.

4. Narratives are provided as follows:

a. Process description:

1) Provides a brief three (3) or four (4) sentence statement of what the
equipment or process is trying to do and explains the relationship
between it and other related processes and sub processes.

b. Major equipment to be controlled and field mounted instruments:

1) Equipment and tag numbers for all equipment, all instruments, and all
control elements will be used in the Process Control Narratives to
avoid uncertainty.

2) Equipment numbers should be shown next to the common name.

a) For example, CPS-03-HSP4-HSP-04001 should be listed with
High Service Pump No. 4.

3) In the following sections, it is permissible to use either the
equipment/tag number or, in cases where clarity is better server, to
use the common name.

c. References:

1) The Process Control Narrative shall reference the P&ID drawing
number(s) where the equipment is shown as well as the project name
and contract number.

2) Reference Specification Sections if details of functionality, local
control panels, software interfaces, or other important parameters
affecting the control strategies are defined in those sections.

d. Local functions:

1) Describe all local equipment controls and detail their relationship and
interactions with the programmable logic controller (PLC) or the
SCADA System.

e. Motor control center functions:

1) This section details all of the functions performed by and at the motor
control center.

2) In particular, any work required by the electrical engineering group
and the electrical subcontractor and supplier is clearly identified.

f. PLC functions:

1) PLC functions should be detailed in this section.

2) These functions may include the role in the specific process and the
overall process control architecture when needed.
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3) Typical functions include:

a) Accumulate run times or totalize flow rates.

b) Start or stop equipment based on specific conditions, equations,
or strategies.

c) Modulate equipment based on specific conditions, equations, or
strategies.

d) Rotate equipment based on time and other conditions.

e) Perform calculations based upon one or more measurements.

f) Set alarms based upon specific conditions, equations, or
strategies.

g) Reset alarms based upon specific conditions, equations, or
strategies.

h) Implement software interlocks.

g. SCADA manual controls:

1) This section describes the manual controls available to operators at a
SCADA screen.

a) Not all functions may be available to every operator or at every
screen.

2) Typical manual controls include:

a) Start or stop equipment.

b) Modulate equipment (e.g., control valves, metering pumps).

c) Set control modes.

d) Enter values for setpoints (manually entered values).

e) Acknowledge alarms.

f) Reset “soft” alarms and equipment lockouts.

h. SCADA automatic controls:

1) SCADA Automatic Controls are similar to PLC Functions except the
control action is a strategy or scrip or function that resides within the
SCADA System computer rather than in the PLC.

i. SCADA interlocks:

1) This section describes any interlocks involving this control loop.

2) Interlocks often shut down or prevent a specific piece of equipment
from running based upon an event external to the equipment or
process.

a) For example, an overflowing tank might shut down all feed pumps.

j. SCADA alarms and indications:
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1) This section describes when and how local and remote alarms will be
generated.

2) The description provides sufficient detail so programmers can create
the appropriate software and operators will understand which
responses are needed.

3) Alarm reset conditions/actions must also be detailed.

k. SCADA setpoints:

1) This section lists the various modes, parameters, and setpoints that
the operator can enter to control the process or piece of equipment.

2) The list shall include a description of the point, the point ID or tag
name, the range of permissible values, and a suggested value.

l. System components.

1) This section describes all of the control components that will be
supplied by vendors (rather than the instrumentation subcontractor)
to avoid conflicts and potential change orders.

C. The process control narratives are not intended to be an inclusive listing of all
elements and appurtenances required to execute loop functions, but are rather
intended to supplement and complement the Drawings and other Specification
Sections.

1. The process control narratives shall not be considered equal to a bill of
materials.

D. Provide instrumentation hardware and software as necessary to perform control
functions specified herein and shown on Drawings.

1.5 SUBMITTALS

A. See Specification Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

B. See Specification Section 40 90 00.

C. Operation and Maintenance Manuals:

1. See Specification Section 01 33 00 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

PART 2 - PRODUCTS - (NOT APPLICABLE TO THIS SPECIFICATION SECTION)

PART 3 - EXECUTION

3.1 PROCESS CONTROL NARRATIVE

A. See attachment

END OF SECTION
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ATTACHMENT  
HIGH SERVICE PUMPS 
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PROCESS 
DESCRIPTION: 

Four horizontal split-case pumps will be provided in the HSPS 
Pump Room to pump water from the GSTs into the outgoing 
transmission system through a common discharge header. Pumps 
will be controlled by monitoring system pressure, at one of two 
operator selected locations, and flow.  Two pressure monitoring 
devices are located on the discharge header – one to be use as 
primary and the other as backup. Flow is monitored for each pump 
on its discharge line.  
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EQUIPMENT NO: 
High Service Pumps 
CPS-03-HSP1-HSP-01001 
CPS-03-HSP2-HSP-02001 
CPS-03-HSP3-HSP-03001 
CPS-03-HSP4-HSP-04001 
 
Electrohydraulic Operated Ball Valves 
CPS-03-HSP1-BV-01001 
CPS-03-HSP2-BV-02001 
CPS-03-HSP3-BV-03001 
CPS-03-HSP4-BV-04001 
 
Pump Pressure Indicating Transmitters 
CPS-03-HSP1-PIT-01001A 
CPS-03-HSP2-PIT-02001A 
CPS-03-HSP3-PIT-03001A 
CPS-03-HSP4-PIT-04001A 
 
Discharge Header Pressure Indicating Transmitters 
CPS-03-HSP1-PIT-01001B 
CPS-03-HSP2-PIT-02001B 
CPS-03-HSP3-PIT-03001B 
CPS-03-HSP4-PIT-04001B 
 
 
Flow Meters 
CPS-03-HSP1-FM-01001 
CPS-03-HSP2-FM-02001 
CPS-03-HSP3-FM-03001 
CPS-03-HSP4-FM-04001 
 
Pump Motors 
CPS-03-HSP1-M-01001 
CPS-03-HSP2-M-02001 
CPS-03-HSP3-M-03001 
CPS-03-HSP4-M-04001 
 
Vibration Sensors 
CPS-03-HSP1-VE-01001A (Pump Bearing No. 1 X Axis) 
CPS-03-HSP1-VE-01001B (Pump Bearing No. 1 Y Axis) 
CPS-03-HSP1-VE-01001C (Pump Bearing No. 2 X Axis) 
CPS-03-HSP1-VE-01001D (Pump Bearing No. 2 Y Axis) 
CPS-03-HSP1-VE-01001E (Pump Shaft Z Axis Primary) 
CPS-03-HSP1-VE-01001F (Pump Shaft Z Axis Backup) 
 
CPS-03-HSP1-VE-01001G (Motor Bearing No. 1 X Axis) 
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CPS-03-HSP1-VE-01001H (Motor Bearing No. 1 Y Axis) 
CPS-03-HSP1-VE-01001J (Motor Bearing No. 2 X Axis) 
CPS-03-HSP1-VE-01001K (Motor Bearing No. 2 Y Axis) 
 
CPS-03-HSP1-SE-01001 (Key Phasor Sensor) 
 
CPS-03-HSP1-VE-02001A (Pump Bearing No. 1 X Axis) 
CPS-03-HSP1-VE-02001B (Pump Bearing No. 1 Y Axis) 
CPS-03-HSP1-VE-02001C (Pump Bearing No. 2 X Axis) 
CPS-03-HSP1-VE-02001D (Pump Bearing No. 2 Y Axis) 
CPS-03-HSP1-VE-02001E (Pump Shaft Z Axis Primary) 
CPS-03-HSP1-VE-02001F (Pump Shaft Z Axis Backup) 
 
CPS-03-HSP1-VE-02001G (Motor Bearing No. 1 X Axis) 
CPS-03-HSP1-VE-02001H (Motor Bearing No. 1 Y Axis) 
CPS-03-HSP1-VE-02001J (Motor Bearing No. 2 X Axis) 
CPS-03-HSP1-VE-02001K (Motor Bearing No. 2 Y Axis) 
 
CPS-03-HSP1-SE-02001 (Key Phasor Sensor) 
 
CPS-03-HSP1-VE-03001A (Pump Bearing No. 1 X Axis) 
CPS-03-HSP1-VE-03001B (Pump Bearing No. 1 Y Axis) 
CPS-03-HSP1-VE-03001C (Pump Bearing No. 2 X Axis) 
CPS-03-HSP1-VE-03001D (Pump Bearing No. 2 Y Axis) 
CPS-03-HSP1-VE-03001E (Pump Shaft Z Axis Primary) 
CPS-03-HSP1-VE-03001F (Pump Shaft Z Axis Backup) 
 
CPS-03-HSP1-VE-03001G (Motor Bearing No. 1 X Axis) 
CPS-03-HSP1-VE-03001H (Motor Bearing No. 1 Y Axis) 
CPS-03-HSP1-VE-03001J (Motor Bearing No. 2 X Axis) 
CPS-03-HSP1-VE-03001K (Motor Bearing No. 2 Y Axis) 
 
CPS-03-HSP1-SE-03001 (Key Phasor Sensor) 
 
CPS-03-HSP1-VE-04001A (Pump Bearing No. 1 X Axis) 
CPS-03-HSP1-VE-04001B (Pump Bearing No. 1 Y Axis) 
CPS-03-HSP1-VE-04001C (Pump Bearing No. 2 X Axis) 
CPS-03-HSP1-VE-04001D (Pump Bearing No. 2 Y Axis) 
CPS-03-HSP1-VE-04001E (Pump Shaft Z Axis Primary) 
CPS-03-HSP1-VE-04001F (Pump Shaft Z Axis Backup) 
 
CPS-03-HSP1-VE-04001G (Motor Bearing No. 1 X Axis) 
CPS-03-HSP1-VE-04001H (Motor Bearing No. 1 Y Axis) 
CPS-03-HSP1-VE-04001J (Motor Bearing No. 2 X Axis) 
CPS-03-HSP1-VE-04001K (Motor Bearing No. 2 Y Axis) 
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CPS-03-HSP1-SE-04001 (Key Phasor Sensor) 
 
 
 
Pump Starters and Variable Frequency Drives 
CPS-03-HSP1-AFD-001 
CPS-03-HSP2-AFD-002 
CPS-03-HSP3-AFD-003 
CPS-03-HSP4-AFD-004 
 
GST Level Transmitters  
CPS-05-GST1-LIT-01001 
CPS-05-GST2-LIT-02001 
 
GST Intrusion Switches 
CPS-05-GST1-ZS-01001 
CPS-05-GST1-ZS-01002 
CPS-05-GST1-ZS-01003 
CPS-05-GST1-ZS-01004 
CPS-05-GST2-ZS-02001 
CPS-05-GST2-ZS-02002 
CPS-05-GST2-ZS-02003 
CPS-05-GST2-ZS-02004 
 
GST Overflow Detection 
CPS-05-GST1-FS-01001 
CPS-05-GST1-FS-01002 
CPS-05-GST2-FS-02001 
CPS-05-GST2-FS-02002 
 
 

REFERENCES: Drawing Nos.01I601, 01I602, 01I603, 03I601, 03I602, 03I603, 
03I604, 03I605, 03I606, 04I601, 04I602, 05I601, 05I602, 05I603, 
05I604, 07I601 

Drawings D 

Drawings E 

 

LOCAL 
FUNCTIONS: 

Local functions include control located at the pump drive.  

In the Pump Drive: 
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HAND/OFF/AUTO Hand switch: In the HAND position 
(CPS-03-HSP1-HS-01001, CPS-03-HSP2-HS-02001, 
CPS-03-HSP3-HS-03001, CPS-03-HSP4-HS-04001), 
the pump will start, and since all pumps have an AFD, it 
will ramp up to the speed set locally at the AFD 
potentiometer (if applicable) if none of the interlocks 
listed below in the INTERLOCK section are active. If the 
pump is running when the HAND/OFF/AUTO Hand 
switch is placed into the OFF position (CPS-03-HSP1-
HS-01001, CPS-03-HSP2-HS-02001, CPS-03-HSP3-HS-
03001, CPS-03-HSP4-HS-04001), the ball valve for the 
pump will close before the pump shuts down. 

HAND/OFF/AUTO Hand switch: In AUTO position (CPS-
03-HSP1-HS-01001, CPS-03-HSP2-HS-02001, CPS-03-
HSP3-HS-03001, CPS-03-HSP4-HS-04001), the pump is 
started and controlled by the High Service Pump Station 
SCADA system if none of the interlocks listed below in 
the INTERLOCK section are active.   

Under normal SCADA operation, after the pump is 
turned on and the pressure measured on the discharge 
side of the pump (upstream of control valve) (CPS-03-
HSP1-PIT-01001A, CPS-03-HSP2-PIT-02001A, CPS-03-
HSP3-PIT-03001A, CPS-03-HSP4-PIT-04001A) is equal 
to or greater than the system pressure (CPS-03-HSP1-
PIT-01001B, CPS-03-HSP6-PIT-06001B), the 
electrohydraulic actuated ball valve for the pump shall 
begin to open.  If the SCADA system is inoperable, 
control of the ball valve shall be completed manually at 
the pump drive using the OPEN/CLOSE pushbuttons.  

PMCS 
FUNCTIONS: 

When the HAND/OFF/AUTO selector switch is put in the AUTO 
position, the pumps and ball valves are controlled remotely by the 
SCADA system. See SCADA Automatic Control.  

Along with the parameters discussed in the LOCAL FUNCTIONS 
section for pump initiation, interlocks listed in the INTERLOCK 
section are checked before pump initiation.  

The SCADA system controls the pump initiation, shut down, ball 
valves (control valves), and the sequence in which pumps are 
turned on and off.  

Starting with all pumps off, when system pressure drops below the 
System Pressure set point continuously for a defined period of 
time set by the operator, the first stage in the pump control 
sequence will start by calling the next pump in the pump rotation 
sequence. When called the AFD will begin to ramp up to full speed 
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and when the pressure upstream of the control valve is equal to or 
greater than the system pressure the control valve will open.  The 
AFD will then adjust the pump speed to maintain pressure within 
the System Pressure set points. The pump sequence will be 
based on rotating the on/off sequence of pumps in order to 
continuously rotate equally through all pumps first.  If system 
pressure rises above the System Pressure set point continuously 
for a defined period of time set by the operator and the pump is at 
minimum speed the pump will be called to shut down.  The control 
valve will be called to start to close.  After the control valve is 
closed the pump turn off.   

If system pressure drops below the System Pressure set point for 
a defined period of time set by the operator continuously while the 
pump is on, the next AFD and pump in the sequence will be 
called.  When called the AFD will begin to ramp up to full speed 
and when the pressure upstream of the control valve is equal to or 
greater than the system pressure the control valve will open.  The 
AFD will then, in conjunction with other AFDs that are currently 
operating, adjust the pump speed to maintain pressure within the 
System Pressure set points.   

While the AFD is operating, if system pressure rises above the 
System Pressure set point for a defined period of time set by the 
operator continuously and the AFDs are at minimum speed, the 
first pump called will shut down...  If the system pressure drops 
below the System Pressure set point continuously for a defined 
period of time set by the operator, the next AFD will be called to 
start as described above.   

While the AFDs are operating and the system pressure goes 
below the System Pressure set point continuously for a defined 
period of time set by the operator, and the AFDs are at maximum 
speed, the next AFD in the control sequence will be called.   All 
operating AFDs will operate at the same speed and move together 
to maintain pressure within the System Pressure set points. If 
system pressure increases above the System Pressure set point 
for a defined period of time set by the operator continuously and 
AFDs are at their minimum speed, the next AFD in the rotational 
sequence will shut down.  The remaining AFDs will then ramp up 
to maintain system pressure within the System Pressure set 
points. If system pressure continues to decrease the shut down 
sequence as described above will be followed. 

Under normal operation when there is a call to shut down a pump, 
the ball valve for the pump will close before the pump shuts off. 
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The AFD pumps will rotate in a First On First Off (FOFO) 
alternation sequence among available pumps.  If an AFD pump 
fails to start after an operator adjustable time delay, an alarm will 
activate and the next AFD pump in the alternation sequence is 
called.   
 
Upon power failure, nitrogen accumulator on electrohydraulic 
actuator will activate and close the control valve.  Anytime a pump 
is off and its corresponding pump ball valve is open, the PMCS 
shall close the pump ball valve. Upon loss of power to the 4,160-
Volt HSPS switchgear or other pump failure, the Emergency Pump 
Sequence Time Delay will start timing.  After the Emergency 
Pump Sequence Time Delay set point is reached the pump control 
sequence will start beginning with the next pump in the pump 
control sequence.  When in operation under generator power, the 
target pressure automatically changes to the Emergency Pressure 
Range, and flow out of the station is limited to the Emergency 
Power Maximum Flow. 
 

SCADA MANUAL 
CONTROL: 

 
Operator may initiate which pump to run and the desired speed if 
the pump HOA switch is in AUTO (CPS-03-HSP1-HOA-01001
 , CPS-03-HSP2-HOA-02001, CPS-03-HSP3-HOA-
03001, CPS-03-HSP4-HOA-04001) and the SCADA MANUAL 
MODE is selected using CPS-03-HSP1-HS-01001P, CPS-03-
HSP2-HS-01001P, CPS-03-HSP3-HS-01001P or CPS-03-
HSP4-HS-01001P. 
 
Operator may select which pressure transmitter locations to use 
for system pressure (CPS-03-HSP1-PIT-01001B or CPS-03-
HSP6-PIT-06001B).   
 
Operator may reset GST LOW LEVEL, GST HATCH OPEN (also 
may be reset by a RESET pushbutton on the PMCS panel), NO 
FLOW, and CONTROL VALVE FAIL TO OPEN conditions. 

Operator may remotely open and close pump control valve if the 
valve L/R switch is in REMOTE (CPS-03-HSP1-HS01001N, 
CPS-03-HSP2-HS-020021N, CPS-03-HSP3-HS-03001N, 
CPS-03-HSP4-HS-04001N) and the SCADA mode is SCADA 
MANUAL. 

Operator can set the set points of various parameters listed below 
in SCADA SETPOINTS section. 

Operator may select which select only one of the LITs to use for 
low GST level shutoff or use both. 
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SCADA 
AUTOMATIC 
CONTROL: 

In SCADA automatic mode, the SCADA system will automatically 
control the pumps as described above in the PMCS control.  

 

INTERLOCKS: Immediate Pump Shutdown and Valve Closure 

The following interlocks will immediately shut the pump down 
regardless of the state of the pump’s ball valve: 

Emergency Stop Push Button: feeder breaker trip when 
emergency stop push buttons at pump, catwalk, or pump drive are 
activated.  To reset, the emergency stop push button must be 
reset, the feeder breaker must be reset, and the pump HOA switch 
must be switched to the OFF position. 

Drive Door Open: feeder breaker trip when drive door opened.  To 
reset, the drive door must be closed, the feeder breaker must be 
reset, and the pump HOA switch must be switched to the OFF 
position. 

No Flow Alarm: pump shutdown after a user adjustable time delay 
of no flow through pump flow meter.  To reset, the pump HOA 
switch must be switched to the OFF position. 

 

Pump Shutdown After Valve Closure 

The following interlocks will shut the pump down after the ball 
valve for the pump has closed: 

Motor Winding RTD’s Over Temperature Trip: discrete pump shut 
down from PMCS to pump drive. To reset, the condition must 
clear, and the pump HOA switch must be switched to the OFF 
position. 

Motor Bearing RTD’s Over Temperature Trip: discrete pump shut 
down from PMCS to pump drive. To reset, the condition must 
clear, and the pump HOA switch must be switched to the OFF 
position. 

Pump Bearing RTD’s Over Temperature Trip: discrete pump shut 
down from PMCS to pump drive. To reset, the condition must 
clear, and the pump HOA switch must be switched to the OFF 
position. 

Motor Vibration Trip: discrete pump shut down from PMCS to 
pump drive. To reset, the condition must clear, the vibration 
monitor must be reset, and the pump HOA switch must be 
switched to the OFF position. 
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GST Low Level Trip: pump shutdown at user adjustable GST 
level.  The operator may individually select either of the LITs for 
the two GSTs (CPS-05-GST1-LT-01001 or CPS-05-GST2-LT-
02001).  This alarm will automatically reset once the GST level 
rises above a user adjustable GST level. 

Control Valve Fail to Fully Open Alarm: pump shutdown after a 
user adjustable time delay of valve opened signal. To reset, the 
pump HOA switch must be switched to the OFF position. 

Prevent Pump Start: 

The following interlocks will prevent the pump from starting: 

Motor Shaft Backspin: discrete pump start inhibit signal while shaft 
is spinning from PMCS to pump drive.  To reset, the condition 
must clear. 

Motor Cool Down: discrete pump start inhibit signal during 
programmed time delay from PMCS to pump drive. To reset, the 
condition must clear. 

Drive Door Open: pump drive shutdown when drive door opened.  
To reset, the drive door must be closed, the feeder breaker must 
be reset, and the pump HOA switch must be switched to the OFF 
position.   

GST Hatch Open: pump shutdown when any GST hatch is 
opened.  The user may override this interlock for any GST for 
maintenance.  To reset, the GST hatch must be closed, and the 
user may either reset through SCADA or press the RESET 
pushbutton on the PMCS cabinet. 

GST Low Level:  This inhibit automatically resets once the level 
rises above a user selectable GST Level. 

 

SCADA ALARMS 
AND 
INDICATIONS: 

Pump Start/Stop (CPS-03-HSP1-HS-01001E, CPS-03-HSP2-
HS-02001E, CPS-03-HSP3-HS-03001E, CPS-03-HSP4-HS-
04001E) 

Pump Run Confirm (CPS-03-HSP1-YI-01001B, CPS-03-HSP2-
YI-02001B, CPS-03-HSP3-YI-03001B, CPS-03-HSP4-YI-
04001B) 

HAND Enabled (CPS-03-HSP1-ZI-01001A, CPS-03-HSP2-ZI-
02001A, CPS-03-HSP3-ZI-03001A, CPS-03-HSP4-ZI-04001A) 

AUTO Enabled (CPS-03-HSP1-ZI-01001B, CPS-03-HSP2-ZI-
02001B, CPS-03-HSP3-ZI-03001B, CPS-03-HSP4-ZI-04001B) 

OFF Enabled (CPS-03-HSP1-ZI-01001C, CPS-03-HSP2-ZI-
02001C, CPS-03-HSP3-ZI-03001C, CPS-03-HSP4-ZI-04001C) 
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Motor/Pump Speed (CPS-03-HSP1-SI-01001B, CPS-03-HSP2-
SI-02001B, CPS-03-HSP3-SI-03001B, CPS-03-HSP4-SI-
04001B) 

 

Motor Windings Over Temperature Alarm (CPS-03-HSP1-TAH-
01001J-P, CPS-03-HSP2-TAH-02001J-P, CPS-03-HSP3-TAH-
03001J-P, CPS-03-HSP4-TAH-04001J-P) 

Motor Bearings Over Temperature Alarm (CPS-03-HSP1-TAH-
01001E-H, CPS-03-HSP2-TAH-02001E-H, CPS-03-HSP3-
TAH-03001E-H, CPS-03-HSP4-TAH-04001E-H) 

 

Pump Bearings Over Temperature Alarm (CPS-03-HSP1-TAH-
01001A-D, CPS-03-HSP2-TAH-02001A-D, CPS-03-HSP3-
TAH-03001A-D, CPS-03-HSP4-TAH-04001A-D) 

 

Pump Drive Emergency Stop (CPS-03-HSP1-YA-01001D, CPS-
03-HSP2-YA-02001D, CPS-03-HSP3-YA-03001D, CPS-03-HSP4-
YA-04001D) 

Drive Door Open (CPS-03-HSP1-ZA-01001B, CPS-03-HSP2-ZA-
02001B, CPS-03-HSP3-ZA-03001B, CPS-03-HSP4-ZA-04001B) 

Pump Run (CPS-03-HSP1-YI-01001B, CPS-03-HSP2-YI-02001B, 
CPS-03-HSP3-YI-B CPS-03-HSP4-YI-04001B) 

Pump Failure (CPS-03-HSP1-YA-01001B, CPS-03-HSP2-YA-
02001B, CPS-03-HSP3-YA-03001B, CPS-03-HSP4-YA-04001B) 

LOCAL/REMOTE SWITCH IN LOCAL (CPS-03-HSP1-HS-
01001N, CPS-03-HSP2-HS-01001N, CPS-03-HSP3-HS-01001N, 
CPS-03-HSP4-HS-01001N) 

Valve Open (CPS-03-HSP1-ZIO-01001, CPS-03-HSP2-ZIO-
02001, CPS-03-HSP3-ZIO-03001, CPS-03-HSP4-ZIO-04001) 

Valve Closed (CPS-03-HSP1-ZIC-01001, CPS-03-HSP2-ZIC-
02001, CPS-03-HSP3-ZIC-03001, CPS-03-HSP4-ZIC-04001) 

CPS-05-GST1-LAL-01001 GST low level alarm 

CPS-05-GST2-LAL-02001 GST low level alarm 

Valve Position (CPS-03-HSP1-ZI-01001F, CPS-03-HSP2-ZI-
02001F, CPS-03-HSP3-ZI-03001F, CPS-03-HSP4-ZI-04001F)) 
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Pump Discharge Pressure (CPS-03-HSP1-PIT-01001A, CPS-03-
HSP2-PIT-02001A, CPS-03-HSP3-PIT-03001A, CPS-03-HSP4-
PIT-04001A) 

Discharge Header Pressure (CPS-03-HSP1-PIT-01001B, CPS-
03-HSP6-PIT-06001B) 

Pump/Motor Vibration Trip (CPS-03-HSP1-VAH-01001, CPS-03-
HSP2-VAH-02001, CPS-03-HSP3-VAH-03001, CPS-03-HSP4-
VAH-04001) 
FLOW (CPS-03-HSP1-FI-01001, CPS-03-HSP2-FI-02001, CPS-
03-HSP3-FI-03001, CPS-03-HSP4-FI-04001) 

LOW Flow Alarm (CPS-03-HSP1-FAL-01001, CPS-03-HSP2-FAL-
02001, CPS-03-HSP3-FAL-03001, CPS-03-HSP4-FAL-04001) 

 

SCADA 
SETPOINTS: 

Select Operating Pressure 

CPS-03-HSP1-PIT-01001A or CPS-03-HSP1-PIT-01001B, CPS-
03-HSP2-PIT-01001A or CPS-03-HSP2-PIT-01001B, CPS-03-
HSP3-PIT-01001A or CPS-03-HSP3-PIT-01001B, CPS-03-HSP4-
PIT-01001A or CPS-03-HSP4-PIT-01001B.GST Low Level Trip 
(CPS-05-GST1-LAL-01001, CPS-05-GST2-LAL-02001): GST 
Level that shutdowns pump.  

Shut Down Level: 12 FT       Pump Reset Level:15.5 FT  

No Flow Time Delay:  Duration of no flow from beginning of pump 
start command before NO FLOW ALARM 

Time Delay: 60 s 

Control Valve Fail To Open Time Delay: Duration before 
CONTROL VALVE FAIL TO OPEN ALARM 

Time Delay:  based on valve operating open/close time  

Control Valve Fail To Close Time Delay: Duration before 
CONTROL VALVE FAIL TO CLOSE  ALARM 

Time Delay: 5 minutes 

System Pressure (See System Pressure Transmitter Location 
Above): System pressure to maintain during normal operation at 
station.  

Pressure: 68 PSI 

Dead Band: ± 1 PSI 

Emergency Power Max Flow: Maximum flow allowed out of station 
during emergency generator operation 

Flow: TBD gpm 
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Dead Band: ± 1,000 gpm 

Emergency Pressure Range: Range of system pressure to 
maintain during emergency operation at station. 

Emergency Pressure:  TBD psi 

Minimum Pump Speed: 

To be determined based on pumps selected, System Pressure, 
and GST level. 

Pump Sequence Time Delay: Time duration system pressure is 
continuously above or below System Pressure set points before 
initiating call to shut off pump or call for next pump in sequence to 
start 

Time Delay: 5 minutes 

Emergency Pump Sequence Time Delay: Time delay before 
starting the pump control sequence after a power outage 

Time Delay:  20 minutes 

 

COMPONENTS: None. 
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SODIUM HYPOCHLORITE FEED 

  

PROCESS 
DESCRIPTION: 

Sodium hypochlorite serves as a disinfectant and is used to form 
chloramine to act as a residual in the pipeline to keep pathogens 
inactive.  Sodium hypochlorite is injected into the Incoming 
Chemical Injection Station and Outgoing Header Chemical 
Injection Station.   

EQUIPMENT NO: 
Sodium Hypochlorite Feed Pumps 
CPS-04-CLP1-CLP-01001 
CPS-04-CLP2-CLP-02001 
CPS-04-CLP3-CLP-03001 
 
Feed Pump Discharge Pressure Transmitters 
CPS-04-CLP1-PIT-01001 
CPS-04-CLP2-PIT-02001 
CPS-04-CLP3-PIT-03001 
 
Sodium Hypochlorite Bulk Tanks 
CPS-04-CLT1-CLT-01001 
CPS-04-CLT2-CLT-02001 
 
Bulk Tank Level Instruments 
CPS-04-CLP1-LE/LIT-01001 
CPS-04-CLP2-LE/LIT-02001 
 
Bulk Tank Outlet Control Valve 
CPS-04-CLT1-BV-01001 
 
Bulk Tank Containment Area Sump High Level Switch 
CPS-04-CLT1-LSH-01009 
 
Pump Room Sump High Level Switch 
CPS-04-CLP1-LSH-01010 
 
Emergency Eyewash/Shower Flow Switches 
CPS-04-CLP1-FSH-01010 
CPS-04-CLP1-FSH-01020 
 
Analyzers 
CPS-04-A1-A-01001 
CPS-04-A1-A-01002 
CPS-04-A2-A-02001 
CPS-04-A2-A-02002 
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REFERENCES: Drawing 01I601, 01I603, 04I601 
Specification Section 46 33 11 (Sodium Hypochlorite Chlorination 
Feed System) 

 

LOCAL 
FUNCTIONS: 

Each sodium hypochlorite feed pump will be controlled in 
accordance with HAND-AUTO selection made at the pump.  
When HAND is selected, the pump is manually controlled by the 
local START/STOP selections available at the pump.  Also, 
when in HAND control mode, the pump speed is manually 
adjusted at the pump.   

When AUTO mode is selected at the pump, both pump speed 
and run control is via the PMCS.   

See Specification Section 46 33 44 for more complete listing of 
local functions for the feed pump.  

 

MCC FUNCTIONS: None. 

PMCS 
FUNCTIONS: 

 
Feed Pumps (CPS-04-CLP1-CLP-01001, CPS-04-CLP2-CLP-
02001, CPS-04-CLP3-CLP-03001) 
When placed in the AUTO mode (at pump), each feed pump is 
controlled via operator input at any HMI on the SCADA Network.  
Pump control is in accordance with selections made via SCADA 
MANUAL-SCADA AUTO selector functions, AUTO-MANUAL 
speed controller functions, and as described below.   
 
When both the pump’s start/stop control and speed control are 
placed into SCADA AUTO control mode (at HMI), the operator 
may select one of the following four control options: (1) 
CHLORINE SETPOINT CONTROL INCOMING, (2) CHLORINE 
SETPOINT CONTROL OUTGOING, (3) DOSE SETPOINT 
CONTROL INCOMING, or (4) DOSE SETPOINT CONTROL 
OUTGOING. 
 
In CHLORINE SETPOINT CONTROL INCOMING, the PMCS 
utilizes a PID controller algorithm to control feed pump rate so as 
to maintain a set total chlorine level at the Incoming Injection 
Stations. The PID controller output is based on an operator 
entered total chlorine setpoint, the measured flow rate (as 
measured by CPS-01-S-FM-01001), and by the measured free 
chlorine at the analyzer prior to the chlorine injection (CPS-01-S-
A-01001).    
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In CHLORINE SETPOINT CONTROL OUTGOING, the PMCS 
utilizes a PID controller algorithm to control feed pump rate so as 
to maintain a set total chlorine level at the Outgoing Injection 
Stations. The PID controller output is based on an operator 
entered total chlorine setpoint, the measured flow rate (as 
measured by the summation of CPS-03-HSP1-FM-01001, CPS-
03-HSP2-FM-02001, CPS-03-HSP3-FM-03001, and CPS-03-
HSP4-FM-04001), and by the measured free chlorine at the 
analyzer prior to the chlorine injection (CPS-01-DH-A-03001).    

In DOSE SETPOINT CONTROL INCOMING, the PMCS 
calculates the sodium hypochlorite feed rate based on an operator 
entered dosage set point, operator entered sodium hypochlorite  
concentration, and the measured flow rate (as measured by CPS-
01-S-FM-01001).  The PMCS’s sodium hypochlorite feed rate is 
calculated according to the following formula:  

Feed rate (gal/h)   =   [8.34 lb/gal * Dosage (mg/L)* Flow (MGD) * 100%]   
                                   [24 (hr) * Concentration (%) * Density of Solution (lb/gal)]    

In DOSE SETPOINT CONTROL OUTGOING, the PMCS 
calculates the sodium hypochlorite feed rate based on an operator 
entered  dosage set point, operator entered sodium hypochlorite  
concentration, and the measured flow rate (as measured by the 
summation of CPS-03-HSP1-FM-01001, CPS-03-HSP2-FM-
02001, CPS-03-HSP3-FM-03001, and CPS-03-HSP4-FM-04001).  
The PMCS’s sodium hypochlorite feed rate is calculated according 
to the following formula:  

Feed rate (gal/h)   =   [8.34 lb/gal * Dosage (mg/L)* Flow (MGD) * 100%]   
                                   [24 (hr) * Concentration (%) * Density of Solution (lb/gal)]    

While in either DOSE SETPOINT CONTROL, in the event of the 
loss of communication of the flow rate from the PMCS, the PMCS 
will maintain the last known feed pump speed command at time of 
communication loss.    

The operator may place the PMCS-based pump speed controller 
function into either SCADA MANUAL or SCADA AUTO control 
mode at any HMI. When speed control is in SCADA AUTO control 
mode, the pump speed is controlled as described above. When 
the speed controller is placed into SCADA MANUAL mode, the 
PMCS generates a pump speed control signal per the operator’s 
manual speed selection at the HMI.   

Each feed pump is commanded to operate by the PMCS 
whenever a pump speed above zero is required to provide the 
feed rate calculated in formulas given above.  Each feed pump is 
commanded to stop by the PMCS whenever a pump speed of 
zero is required. 
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In the event of a feed pump failure or high pressure trip, the 
failed/tripped pump will return to service once the failure/trip 
condition has been remedied, the alarm acknowledged, and the 
pump has been reset via the HMI. Or else the standby feed pump 
may be placed into service once the local valves have been 
manually placed into the proper positions. 

Accumulate running time for each pump. 

Bulk Tank Outlet Valve: 

One motorized ball valve (CPS-04-CLT1-BV-01001) is located on 
the pump suction header in the chemical containment area 
between the bulk storage tanks and the feed pumps.  This valve is 
controlled via HAND-CLOSE-SCADA AUTO selection.  When 
placed in the SCADA AUTO mode at the HMI, the valve will be 
open.  In order to avoid draining the storage tanks, the ball valve 
(CPS-04-CLT1-BV-01001) will automatically close. 

In the event that the operator will wash down the feed pump room, 
the ball valve (CPS-04-CLT1-BV-01001) will need to be placed in 
HAND mode and controlled manually to avoid inadvertently 
shutting down the entire sodium hypochlorite system. 
 

SCADA MANUAL 
CONTROL: 

In the SCADA MANUAL mode, the pumps can be manually 
started and stopped from any HMI.  Pump speed control may be 
placed into the SCADA MANUAL mode (regardless of whether 
pump start/stop control is in SCADA AUTO or SCADA MANUAL) 
and the pump SPEED (%) for variable speed pumps can be set by 
the operator from any HMI.  

The tank outlet control valve (CPS-04-CLT1-BV-01001) may be 
manually opened and closed via operator input from any HMI. 

SCADA 
AUTOMATIC 
CONTROL: 

None. 

INTERLOCKS: Regardless of the control mode selected at the pump, each pump 
is tripped off in the event that high discharge pressure is detected 
by a discharge pressure transmitter. Pressure trip set point is 
within PMCS logic.  PMCS discrete output is utilized to trip the 
pump.  

Each pump will automatically shut off in the event that the tank 
outlet control valve (CPS-04-CLT1-BV-01001) is closed in any 
mode. 
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SCADA ALARMS 
AND 
INDICATIONS: 

Emergency Eyewash/Shower activated: CPS-04-CLT1-FAH-
01010  

Emergency Eyewash/Shower activated: CPS-04-CLT1-FAH-
01020  

Bulk Storage Area Sump Float Switch High Level: CPS-04-CLT1-
LSH-01009 

Feed Pump Room Sump Float Switch High Level: CPS-04-CLT1-
LSH-01010 

Sodium hypochlorite Bulk Tank CPS-04-CLT1-CLT-01001 low 
level alarm: CPS-04-CLT1-LAL-01001 

Sodium hypochlorite Bulk Tank CPS-04-CLT1-CLT-01001 high 
level alarm: CPS-04-CLT1-LAH-01001  

Sodium hypochlorite Bulk Tank CPS-04-CLT1-CLT-01001 level 
indication: CPS-04-CLT1-LI-01001 

Sodium hypochlorite Bulk Tank CPS-04-CLT2-CLT-02001 low 
level alarm: CPS-04-CLT1-LAL-02001 

Sodium hypochlorite Bulk Tank CPS-04-CLT2-CLT-02001 high 
level alarm: CPS-04-CLT1-LAH-02001  

Sodium hypochlorite Bulk Tank CPS-04-CLT2-CLT-02001  level 
indication: CPS-04-CLT1-LI-02001 

 

NaClO Pump No. 1 

General Alarm Clear Control:  CPS-04-CLP1-HSA-01001 

Motor Running:    CPS-04-CLP1-YIR-01001 

Speed Control:    CPS-04-CLP1-SC-01001 

Run/Stop:     CPS-04-CLP1-HSR-01001 

Pump Status:    CPS-04-CLP1-UI-01001 

Leak Alarm:     CPS-04-CLP1-YIX-01001 

Head Cover Status:   CPS-04-CLP1-ZIO-01001 

General Alarm:    CPS-04-CLP1-YIA-01001 

Speed Indication:    CPS-04-CLP1-SI-01001 

Shutoff:     CPS-04-CLP1-YIO-01001 

Discharge Pressure:   CPS-04-CLP1-PAH-01001 

 

NaClO Pump No. 2 
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General Alarm Clear Control:  CPS-04-CLP2-HSA-02001 

Motor Running:    CPS-04-CLP2-YIR-02001 

Speed Control:    CPS-04-CLP2-SC-02001 

Run/Stop:     CPS-04-CLP2-HSR-02001 

Pump Status:    CPS-04-CLP2-UI-02001 

Leak Alarm:     CPS-04-CLP2-YIX-02001 

Head Cover Status:   CPS-04-CLP2-ZIO-02001 

General Alarm:    CPS-04-CLP2-YIA-02001 

Speed Indication:    CPS-04-CLP2-SI-02001 

Shutoff:     CPS-04-CLP2-YIO-02001 

Discharge Pressure:   CPS-04-CLP2-PAH-02001 

 

NaClO Pump No. 3 

General Alarm Clear Control:  CPS-04-CLP3-HSA-03001 

Motor Running:    CPS-04-CLP3-YIR-03001 

Speed Control:    CPS-04-CLP3-SC-03001 

Run/Stop:     CPS-04-CLP3-HSR-03001 

Pump Status:    CPS-04-CLP3-UI-03001 

Leak Alarm:     CPS-04-CLP3-YIX-03001 

Head Cover Status:   CPS-04-CLP3-ZIO-03001 

General Alarm:    CPS-04-CLP3-YIA-03001 

Speed Indication:    CPS-04-CLP3-SI-03001 

Shutoff:     CPS-04-CLP3-YIO-03001 

Discharge Pressure:   CPS-04-CLP3-PAH-03001 

 

Analyzer CPS-04-A1-A-01001  

Total Chlorine:   CPS-04-A1-ACI-01001 

Total Chlorine Low:    CPS-04-A1-ACL-01001 

Total Chlorine High:   CPS-04-A1-ACH-01001 

 

Analyzer CPS-04-A1-A-01002  

Total Chlorine:   CPS-04-A1-ACI-01002 
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Total Chlorine Low:    CPS-04-A1-ACL-01002 

Total Chlorine High:   CPS-04-A1-ACH-01002 

 

Analyzer CPS-04-A2-A-02001 

Total Chlorine:   CPS-04-A2-ACI-02001 

Total Chlorine Low:    CPS-04-A2-ACL-02001 

Total Chlorine High:   CPS-04-A2-ACH-02001 

 

Analyzer CPS-04-A2-A-02002 

Total Chlorine:   CPS-04-A2-ACI-02002 

Total Chlorine Low:    CPS-04-A2-ACL-02002 

Total Chlorine High:   CPS-04-A2-ACH-02002 

 

** Pump fail to start alarm occurs when PMCS calls for the pump 
to run and pump run status feedback indicates the pump is not 
running.  Pump fail to stop alarm occurs when PMCS calls for the 
pump to stop and pump run status indicates the pump has not 
stopped. Engineer adjustable time delay prior to generation of 
alarm on either failure condition.  

 

SCADA 
SETPOINTS: 

Time delay, Pump Fail to Start Alarm CPS-04-CLP1-CLP-01001 
KY-00-001: 5 seconds. 

Time delay, Pump Fail to Stop Alarm CPS-04-CLP1-CLP-01001 
KY-00-001: 5 seconds. 

Time delay, Pump Fail to Start Alarm CPS-04-CLP2-CLP-02001 
KY-00-002: 5 seconds. 

Time delay, Pump Fail to Stop Alarm CPS-04-CLP2-CLP-02001 
KY-00-002: 5 seconds. 

Time delay, Pump Fail to Start Alarm CPS-04-CLP3-CLP-03001 
KY-00-003: 5 seconds. 

Time delay, Pump Fail to Stop Alarm CPS-04-CLP3-CLP-03001 
KY-00-003: 5 seconds. 

Sodium hypochlorite dose setpoint (mg/L):   

• 04-CLP1-CLP-01001:  1 mg/L  

• 04-CLP2-CLP-02001:  1 mg/L 

• 04-CLP3-CLP-03001:  1 mg/L 
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Sodium hypochlorite solution concentration (% sodium 
hypochlorite), AQ-10370000-001A: 12.5%. 

Density of sodium hypochlorite, AQ-10370000-001C: obtain actual 
density from chemical supplier; expect typical specific gravity of 
1.21.  

Bulk Tank low level alarm/out of service set point, LAL-10370000- 
005, 00-007, 00-009, 00-011: 1 foot above tank bottom. 

Pump High Pressure Trip Set Points:  

• 04-CLP1-CLP-01001:  30 psi.   
• 04-CLP2-CLP-02001:  30 psi.   
• 04-CLP3-CLP-03001:  30 psi.  

COMPONENTS: Local controls are integrally furnished with each feed pump. 
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LIQUID AMMONIUM SULFATE FEED 

  

PROCESS 
DESCRIPTION: 

Liquid ammonium sulfate serves to form chloramine to act as a 
residual in the pipeline to keep pathogens inactive.  Liquid 
ammonium sulfate is injected into the Incoming Chemical Injection 
Station and Outgoing Header Chemical Injection Station.   

EQUIPMENT NO: 
Liquid Ammonium Sulfate Feed Pumps 
CPS-04-LASP1-LASP-01001 
CPS-04-LASP2-LASP-02001 
 
Feed Pump Discharge Pressure Transmitters 
CPS-04-LASP1-PIT-01001 
CPS-04-LASP2-PIT-02001 
 
Liquid Ammonium Sulfate Bulk Tank 
CPS-04-LAST1-LAST-01001 
 
Bulk Tank Level Instruments 
CPS-04-LASP1-LE/LIT-01001 
 
Bulk Tank Outlet Control Valve 
CPS-04-LAST1-BV-02001 
 
Bulk Tank Containment Area Sump High Level Switch 
CPS-04-LASP1-LSH-01009 
 
Feed Pump Room Sump High Level Switch 
CPS-04-LASP1-LSH-01010 
 
Emergency Eyewash/Shower Flow Switches 
CPS-04-LAST1-FSH-01030 
 
Analyzers 
CPS-04-A1-A-01001 
CPS-04-A1-A-01002 
CPS-04-A2-A-02001 
CPS-04-A2-A-02002 
 

REFERENCES: Drawing 04I602 
Specification Section 46 33 16 (Liquid Ammonium Sulfate Feed 
System) 
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LOCAL 
FUNCTIONS: 

Each liquid ammonium feed pump will be controlled in 
accordance with HAND-AUTO selection made at the pump.  
When HAND is selected, the pump is manually controlled by the 
local START/STOP selections available at the pump.  Also, 
when in HAND control mode, the pump speed is manually 
adjusted at the pump.   

When AUTO mode is selected at the pump, both pump speed 
and run control is via the PMCS.   

See Specification Section 46 33 44 for more complete listing of 
local functions for the feed pump.  

Each liquid ammonium sulfate booster pump will be controlled 
with a local HAND-OFF-AUTO selector switch.  When HAND is 
selected, the pump is energized.  When OFF is selected, the 
pump is de-energized.  When AUTO is selected, the pump runs 
in accordance with control logic as described below in the 
PMCS FUNCTIONS section.    

MCC FUNCTIONS: None. 

PMCS 
FUNCTIONS: 

 
Feed Pumps (CPS-04-LASP1-LASP-01001, CPS-04-LASP2-
LASP-02001) 
When placed in the AUTO mode (at pump), each feed pump is 
controlled via operator input at any HMI on the SCADA Network.  
Pump control is in accordance with selections made via SCADA 
MANUAL-SCADA AUTO selector functions, AUTO-MANUAL 
speed controller functions, and as described below.   
 
When both the pump’s start/stop control and speed control are 
placed into SCADA AUTO control mode (at HMI), the operator 
may select one of the following three control options: (1) LAS 
SETPOINT CONTROL INCOMING, (2) LAS SETPOINT 
CONTROL OUTGOING, (3) DOSE SETPOINT CONTROL 
INCOMING, or (4) DOSE SETPOINT CONTROL OUTGOING. 
 
In LAS SETPOINT CONTROL INCOMING, the PMCS utilizes a 
PID controller algorithm to control feed pump rate so as to 
maintain a set free ammonium level at the Incoming Injection 
Stations. The PID controller output is based on an operator 
entered free ammonium setpoint, the measured flow rate (as 
measured by CPS-01-S-FM-01001), and by the measured free 
ammonium at the analyzer prior to the ammonium injection (CPS-
01-S-A-01001).    
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In LAS SETPOINT CONTROL OUTGOING, the PMCS utilizes a 
PID controller algorithm to control feed pump rate so as to 
maintain a set free ammonium level at the Outgoing Injection 
Stations. The PID controller output is based on an operator 
entered free ammonium setpoint, the measured flow rate (as 
measured by the summation of CPS-03-HSP1-FM-01001, CPS-
03-HSP2-FM-02001, CPS-03-HSP3-FM-03001, and CPS-03-
HSP4-FM-04001), and by the measured free ammonium at the 
analyzer prior to the ammonium injection (CPS-01-DH-A-03001).    

In DOSE SETPOINT CONTROL INCOMING, the PMCS 
calculates the liquid ammonium sulfate feed rate based on an 
operator entered dosage set point, operator entered liquid 
ammonium sulfate concentration, and the measured flow rate (as 
measured by CPS-01-S-FM-01001).  The PMCS’s liquid 
ammonium sulfate feed rate is calculated according to the 
following formula:  

Feed rate (gal/h)   =   [8.34 lb/gal * Dosage (mg/L)* Flow (MGD) * 100%]   
                                   [24 (hr) * Concentration (%) * Density of Solution (lb/gal)]    

In DOSE SETPOINT CONTROL OUTGOING, the PMCS 
calculates the liquid ammonium sulfate feed rate based on an 
operator entered dosage set point, operator entered liquid 
ammonium sulfate, and the measured flow rate (as measured by 
the summation of CPS-03-HSP1-FM-01001, CPS-03-HSP2-FM-
02001, CPS-03-HSP3-FM-03001, and CPS-03-HSP4-FM-04001).  
The PMCS’s liquid ammonium sulfate feed rate is calculated 
according to the following formula:  

Feed rate (gal/h)   =   [8.34 lb/gal * Dosage (mg/L)* Flow (MGD) * 100%]   
                                   [24 (hr) * Concentration (%) * Density of Solution (lb/gal)]    

While in either DOSE SETPOINT CONTROL, in the event of the 
loss of communication of the flow rate from the PMCS, the PMCS 
will maintain the last known feed pump speed command at time of 
communication loss.    

The operator may place the PMCS-based pump speed controller 
function into either SCADA MANUAL or SCADA AUTO control 
mode at any HMI. When speed control is in SCADA AUTO control 
mode, the pump speed is controlled as described above. When 
the speed controller is placed into SCADA MANUAL mode, the 
PMCS generates a pump speed control signal per the operator’s 
manual speed selection at the HMI.   

Each feed pump is commanded to operate by the PMCS 
whenever a pump speed above zero is required to provide the 
feed rate calculated in formulas given above.  Each feed pump is 
commanded to stop by the PMCS whenever a pump speed of 
zero is required.    
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In the event of a feed pump failure or high pressure trip, the 
failed/tripped pump will return to service once the failure/trip 
condition has been remedied, the alarm acknowledged, and the 
pump has been reset via the HMI. Or else the standby feed pump 
may be placed into service once the local valves have been 
manually placed into the proper positions.  

Accumulate running time for each pump.   

Bulk Tank Outlet Valve: 

One motorized ball valve (CPS-04-LASP1-BV-02001) is located 
on the pump suction header in the chemical containment area 
between the bulk storage tanks and the feed pumps.  This valve is 
controlled via HAND-CLOSE-SCADA AUTO selection.  When 
placed in the SCADA AUTO mode at the HMI, the valve will be 
open.  In order to avoid draining the storage tanks, the ball valve 
(CPS-04-LAST1-BV-02001) will automatically close. 

In the event that the operator will wash down the feed pump room, 
the ball valve (CPS-04-LAST1-BV-02001) will need to be placed in 
HAND mode and controlled manually to avoid inadvertently 
shutting down the entire sodium hypochlorite system.  

 

SCADA MANUAL 
CONTROL: 

In the SCADA MANUAL mode, the pumps can be manually 
started and stopped from any HMI.  Pump speed control may be 
placed into the SCADA MANUAL mode (regardless of whether 
pump start/stop control is in SCADA AUTO or SCADA MANUAL) 
and the pump SPEED (%) for variable speed pumps can be set by 
the operator from any HMI.  

The tank outlet control valve (CPS-04-LAST1-BV-02001) may be 
manually opened and closed via operator input from any HMI. 

SCADA 
AUTOMATIC 
CONTROL: 

None. 

INTERLOCKS: Regardless of the control mode selected at the pump, each pump 
is tripped off in the event that high discharge pressure is detected 
by a discharge pressure transmitter. Pressure trip set point is 
within PMCS logic.  PMCS discrete output is utilized to trip the 
pump.  

Each pump will automatically shut off in the event that the tank 
outlet control valve (CPS-04-LAST1-BV-02001) is closed in any 
mode. 
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SCADA ALARMS 
AND 
INDICATIONS: 

Emergency Eyewash/Shower activated: CPS-04-LAST1-FAH-
01030  

Bulk Storage Area Sump Float Switch High Level: CPS-04-
LAST1-LSH-01009 

Liquid Ammonium Sulfate Bulk Tank 04-CLT1-CLT-01001 low 
level alarm: CPS-04-LAST1-LAL-01001 

Liquid Ammonium Sulfate Bulk Tank 04-CLT1-CLT-01001 high 
level alarm: CPS-04-LAST1-LAH-01001  

Liquid Ammonium Sulfate Bulk Tank 04-CLT1-CLT-01001  level 
indication: CPS-04-LAST1-LI-01001 

 

 

LAS Pump No. 1 

General Alarm Clear Control:  CPS-04-LASP1-HSA-01001 

Motor Running:    CPS-04-LASP1-YIR-01001 

Speed Control:    CPS-04-LASP1-SC-01001 

Run/Stop:     CPS-04-LASP1-HSR-01001 

Pump Status:    CPS-04-LASP1-UI-01001 

Leak Alarm:     CPS-04-LASP1-YIX-01001 

Head Cover Status:   CPS-04-LASP1-ZIO-01001 

General Alarm:    CPS-04-LASP1-YIA-01001 

Speed Indication:    CPS-04-LASP1-SI-01001 

Shutoff:     CPS-04-LASP1-YIO-01001 

Discharge Pressure:   CPS-04-LASP1-PAH-01001 

 

LAS Pump No. 2 

General Alarm Clear Control:  CPS-04-LASP2-HSA-02001 

Motor Running:    CPS-04-LASP2-YIR-02001 

Speed Control:    CPS-04-LASP2-SC-02001 

Run/Stop:     CPS-04-LASP2-HSR-02001 

Pump Status:    CPS-04-LASP2-UI-02001 

Leak Alarm:     CPS-04-LASP2-YIX-02001 

Head Cover Status:   CPS-04-LASP2-ZIO-02001 

General Alarm:    CPS-04-LASP2-YIA-02001 
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Speed Indication:    CPS-04-LASP2-SI-02001 

Shutoff:     CPS-04-LASP2-YIO-02001 

Discharge Pressure:   CPS-04-LASP2-PAH-02001 

 

LAS Pump No. 3 

General Alarm Clear Control:  CPS-04-LASP3-HSA-03001 

Motor Running:    CPS-04-LASP3-YIR-03001 

Speed Control:    CPS-04-LASP3-SC-03001 

Run/Stop:     CPS-04-LASP3-HSR-03001 

Pump Status:    CPS-04-LASP3-UI-03001 

Leak Alarm:     CPS-04-LASP3-YIX-03001 

Head Cover Status:   CPS-04-LASP3-ZIO-03001 

General Alarm:    CPS-04-LASP3-YIA-03001 

Speed Indication:    CPS-04-LASP3-SI-03001 

Shutoff:     CPS-04-LASP3-YIO-03001 

Discharge Pressure:   CPS-04-LASP3-PAH-03001 

 

Analyzer CPS-04-A1-A-01001  

Total Ammonia:   CPS-04-A1-ANI-01001 

Total Ammonia Low:   CPS-04-A1-ANL-01001 

Total Ammonia High:   CPS-04-A1-ANH-01001 

 

Analyzer CPS-04-A1-A-01002  

Total Ammonia:   CPS-04-A1-ANI-01002 

Total Ammonia Low:   CPS-04-A1-ANL-01002 

Total Ammonia High:   CPS-04-A1-ANH-01002 

 

Analyzer CPS-04-A2-A-02001 

Total Ammonia:   CPS-04-A2-ANI-02001 

Total Ammonia Low:   CPS-04-A2-ANL-02001 

Total Ammonia High:   CPS-04-A2-ANH-02001 
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Analyzer CPS-04-A2-A-02002 

Total Ammonia:   CPS-04-A2-ANI-02002 

Total Ammonia Low:   CPS-04-A2-ANL-02002 

Total Ammonia High:   CPS-04-A2-ANH-02002 

 

** Pump fail to start alarm occurs when PMCS calls for the pump 
to run and pump run status feedback indicates the pump is not 
running.  Pump fail to stop alarm occurs when PMCS calls for the 
pump to stop and pump run status indicates the pump has not 
stopped. Engineer adjustable time delay prior to generation of 
alarm on either failure condition.  

 

SCADA 
SETPOINTS: 

Time delay, Pump Fail to Start Alarm CPS-04-LASP1-LASP-
01001 KY-00-001: 5 seconds. 

Time delay, Pump Fail to Stop Alarm CPS-04-LASP1-LASP-
01001 KY-00-001: 5 seconds. 

Time delay, Pump Fail to Start Alarm CPS-04-LASP2-LASP-
02001 KY-00-002: 5 seconds. 

Time delay, Pump Fail to Stop Alarm CPS-04-LASP2-LASP-
02001 KY-00-002: 5 seconds. 

Liquid ammonium sulfate dose setpoint (mg/L):   

• 04-LASP1-LASP-01001:  0.5 mg/L  

• 04-LASP2-LASP-02001:  0.5 mg/L 

Liquid ammonium sulfate solution concentration (% sodium 
hypochlorite), AQ-10370000-001A: 40%. 

Density of sodium hypochlorite, AQ-10370000-001C: obtain actual 
density from chemical supplier; expect typical specific gravity of 
1.23.  

Bulk Tank low level alarm/out of service set point, LAL-10370000- 
005, 00-007, 00-009, 00-011: 1 foot above tank bottom. 

Pump High Pressure Trip Set Points:  

• 04-LASP1-LASP-01001:  30 psi.   
• 04-LASP2-LASP-02001:  30 psi.   

COMPONENTS: Local controls are integrally furnished with each feed pump. 
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RECIRCULATION PUMPS 

  

PROCESS 
DESCRIPTION: 

Three recirculation pumps will be utilized to maintain water 
pressure to the two influent analyzers, A-01001 and A-01002.  
Two of the three pumps will run at the same time rotating run time 
between the three.  The two running pumps will be alternated 
periodically by plant personnel manually by opening/closing 
adjacent ball valves.  

The pumps will be programmed at the built-in pump control panel 
to run in “constant speed” mode and the speed set also at the 
control panel.  The pumps can be started and stopped locally at 
the pump or remotely via SCADA at PMCS-7 or the Operations 
Building.   

Three flow switches (one dedicated for each pump) as inputs to 
PMCS-7 will indicate pump running to SCADA, stop the pump on 
no flow, and alarm the operators of a pump run+no flow condition. 

Each pump will have a general alarm input to PMCS-7. 

EQUIPMENT NO: 
Recirculation Pumps 
CPS-04-A1-P-01001 – RECIRCULATION PUMP No. 1 
CPS-04-A1-P-01002 – RECIRCULATION PUMP No. 2 
CPS-04-A1-P-01003 – RECIRCULATION PUMP No. 3 
 
Flow Switches 
CPS-04-A1-FS-01001 – FLOW SWITCH No. 1 
CPS-04-A1-FS-01002 – FLOW SWITCH No. 2 
CPS-04-A1-FS-01003 – FLOW SWITCH No. 3 
 

REFERENCES: Drawing No. 01I601 

 

LOCAL 
FUNCTIONS: 

A built-in local control panel is utilized to control each 
recirculation pump.   

1. Set pump speed. 

2. Start/stop pump. 

 

MCC FUNCTIONS: None. 

 

PMCS 
FUNCTIONS: 1. Start/stop pump. 
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2. Accumulate running time for each pump. 

3. Shut down pump in the event of no flow. 

 

SCADA MANUAL 
CONTROL: 

1. Start/stop pump. 

 

SCADA 
AUTOMATIC 
CONTROL: 

None. 

INTERLOCKS: If the flow switch indicates no flow, shutdown pump.  

SCADA ALARMS 
AND 
INDICATIONS: 

PUMP No. 1 RUNNING – CPS-04-A1-P-FH-01001 

PUMP No. 2 RUNNING – CPS-04-A1-P-FH-01002 

PUMP No. 3 RUNNING – CPS-04-A1-P-FH-01003 

 

PUMP No. 1 NO FLOW – CPS-04-A1-P-FAL-01001 

PUMP No. 2 NO FLOW – CPS-04-A1-P-FAL-01002 

PUMP No. 3 NO FLOW – CPS-04-A1-P-FAL-01003 

 

PUMP No. 1 ALARM – CPS-04-A1-P-YA-01001 

PUMP No. 2 ALARM – CPS-04-A1-P-YA-01002 

PUMP No. 3 ALARM – CPS-04-A1-P-YA-01003 

 

PUMP No. 1 START/STOP – CPS-04-A1-P-HS-01001 

PUMP No. 2 START/STOP – CPS-04-A1-P-HS-01002 

PUMP No. 3 START/STOP – CPS-04-A1-P-HS-01003 

 

LOCAL 
SETPOINTS: 

Pump speed 

 

COMPONENTS: None. 
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SANITARY SEWER PUMPS 

  

PROCESS 
DESCRIPTION: 

Two grinder pumps will be provided in a sanitary sewer wet well 
for pumping sewer and sample waste collected from the chemical 
building, operations building, and maintenance building. The 
pumps are operated by use of floats.  

EQUIPMENT NO: 
Grinder Pumps 
CPS-07-SLSP1-SLSP-01001 
CPS-07-SLSP2-SLSP-02001 
 
Level Floats (Vendor Furnished) 
CPS-07-SLSP-LSLL-07001– PUMP OFF 
CPS-07-SLSP-LSL-07001– LEAD PUMP ON/LAG PUMP OFF 
CPS-07-SLSP-LSH-07001– LAG PUMP ON 
CPS-07-SLSP-LSHH-07001– HIGH LEVEL ALARM 

REFERENCES: Drawing 07I601 

 

LOCAL 
FUNCTIONS: 

Local functions include control located at the pump control 
panel.  

At the pump Control Panel: 

HAND/OFF/AUTO Hand Switch:  In HAND position, each 
pump will operate if the interlocks for the pump listed in the 
INTERLOCKS section below are not active. 

HAND/OFF/AUTO Hand Switch: In AUTO position, the 
floats will start and stop the pumps based on water 
elevations programmed into the controller, if the interlocks 
for each pump listed in the INTERLOCKS section below are 
not active.  The controller shall operate the pumps in a 
sequence-on simultaneous-off (SOSO) mode and alternate 
the lead and lag pumps after each operation. 

Float CPS-07-SLSP-LSHH-07001 signals a HIGH LEVEL 
ALARM. 

MCC FUNCTIONS: None. 

PMCS 
FUNCTIONS: None. 

SCADA MANUAL 
CONTROL: None. 
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SCADA 
AUTOMATIC 
CONTROL: None. 

INTERLOCKS: None. 

 

SCADA ALARMS 
AND 
INDICATIONS: 

Pump No. 1 Running  CPS-07-SLSP1-MI-07001B 

Pump No. 1 Seal Fail (moisture) CPS-07-SLSP1-MAH-07001B 

Pump No. 1 Motor High Temp CPS-07-SLSP1-TAH-07001B 

Pump No. 2 Running  CPS-07-SLSP2-MI-07002B 

Pump No. 2 Seal Fail (moisture) CPS-07-SLSP2-MAH-07002B 

Pump No. 2 Motor High Temp CPS-07-SLSP2-TAH-07002B 

High level alarm   CPS-07-SLSP-LAHH-07001 

 

LOCAL 
SETPOINTS: 

Pumps off – Elevation, See Process Drawings 

Lead Pump on – Elevation, See Process Drawings 

Lag Pump on – Elevation, See Process Drawings  

High Level alarm – Elevation, See Process Drawings 

 

COMPONENTS: Local vendor-furnished control panel and associated level float 
switches for submersible pump control.  See Section 33 32 13 
Package Sewage Pumping Station 
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SUMP PUMPS 

  

PROCESS 
DESCRIPTION: 

Three submersible pumps will be utilized to transfer drainage from 
butterfly valve vaults at the GSTs or on the suction header to 
either the nearby storm sewer or to the ground.  

EQUIPMENT NO: 
Submersible Pumps 
CPS-01-SH-SP-02001 – SUCTION HEADER SUMP PUMP 
CPS-05-GST1-SP-01001 – GST 1 SUMP PUMP 
CPS-05-GST2-SP-02001 – GST 2 SUMP PUMP 
 
SUCTION HEADER SUMP PUMP Level Floats 
CPS-01-SH-LS-02001– LOW LEVEL (PUMP OFF) 
CPS-01-SH-LS-02002– HIGH LEVEL (PUMP ON) 
CPS-01-SH-LS-02003– HIGH-HIGH LEVEL (ALARM) 
 
GST 1 SUMP PUMP Level Floats 
CPS-05-GST1-LS-01001– LOW LEVEL (PUMP OFF) 
CPS-05-GST1-LS-01002– HIGH LEVEL (PUMP ON) 
CPS-05-GST1-LS-01003– HIGH-HIGH LEVEL (ALARM) 
 
GST 2 SUMP PUMP Level Floats 
CPS-05-GST2-LS-02001– LOW LEVEL (PUMP OFF) 
CPS-05-GST2-LS-02002– HIGH LEVEL (PUMP ON) 
CPS-05-GST2-LS-02003– HIGH-HIGH LEVEL (ALARM) 
 

REFERENCES: Drawing 01I602, 05I601, 05I602 

 

LOCAL 
FUNCTIONS: 

A local control panel is utilized to control each submersible 
pump.   

Each pump will be controlled in accordance with a HOA selector 
switch located on the local control panel.  In “Auto”, the pump will 
start when the High Level float is activated.  In “Hand”, the pump 
starts immediately regardless of High or High-High Level float 
positions.  In “OFF”, the pump will not start.   

MCC FUNCTIONS: None. 

PMCS 
FUNCTIONS: Accumulate running time for each pump. 

SCADA MANUAL 
CONTROL: None. 
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SCADA 
AUTOMATIC 
CONTROL: None. 

INTERLOCKS: If the Low Level float, seal fail, or motor winding overtemp are 
activated, the pump will stop regardless of HOA position.  

SCADA ALARMS 
AND 
INDICATIONS: 

SUCTION HEADER SUMP PUMP RUN–  

CPS-01-SH-SP-YIR-02001 

SUCTION HEADER SUMP PUMP ALARM –  

CPS-01-SH-SP-YIA-02001A 

 

GST1 SUMP PUMP RUN– CPS-05-GST1-SP-YIR-01001 

GST1 SUMP PUMP ALARM – CPS-05-GST1-SP-YIA-01001 

 

GST2 SUMP PUMP RUN– CPS-05-GST2-SP-YIR-02001 

GST2 SUMP PUMP ALARM – CPS-05-GST2-SP-YIA-02001 

 

LOCAL 
SETPOINTS: 

Pumps off – Elevation, See Process Drawings 

Pump on – Elevation, See Process Drawings 

High Level alarm – Elevation, See Process Drawings 

COMPONENTS: Local control panel and associated level float switches for 
submersible pump control.   
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INCOMMING TRANSMISSION LINE BUTTERFLY VALVE 

  

PROCESS 
DESCRIPTION: 

A 72-inch motor operated butterfly valve will be utilized to shut 
down the transmission line feeding the GSTs, and automatically 
close if an overflow event occurs.  Under normal operation the 
valve remains open, or can be throttled if required to restrict flow 
or partially break pressure if necessary by manual control.  

EQUIPMENT NO: 
Valve 
CPS-01-S-BFV-01001 – 72-inch BUTTERFLY VALVE 
 
GST Level Transmitters  
CPS-05-GST1-LIT-01001 
CPS-05-GST2-LIT-02001 
 

REFERENCES: Drawing 01I601, 05I601, 05I602 

 

LOCAL 
FUNCTIONS: 

Capabilities shall be provided to position the valve 
locally with a Local/Remote selector switch and 
Open/Stop/Close momentary contact push buttons. 
The Local/Remote selector switch shall provide status 
contacts for when in ‘Remote’. 

The valve actuator shall have indicator lights for 
valve Open/Closed status as well as an indicator 
light for valve common alarm. 

Valve position indicator. The valve actuator shall have a 
local digital or mechanical indicator integral with the 
operator with a 0-100 percent scale and shall be clearly 
visible through a transparent window 

Before the valve can be operated at the local control panel in 

Locate/Remote selector switch in the field must be in the Local position.   

MCC FUNCTIONS: None. 

PMCS 
FUNCTIONS: None 

 

SCADA MANUAL 
CONTROL: 

 

 

When the L/R selector switch in in the REMOTE 
position, the operator shall be able to control the valve 
remotely from the HMI. 
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SCADA AUTO 
CONTROL: 

 

From the HMI, the butterfly valve shall be capable of 
remote manual operation. A new graphic shall be 
opened to allow the operator to OPEN or CLOSE the 
valve.  

Valve status shall be displayed on the HMI including 
Open, Closed, Opening, Closing, 0-100% position, 
and common alarm. 

 

In remote auto control, when GST level (CPS-05-GST1-LIT-01001, 
CPS-05-GST2-LIT-02001) is reaches set point, valve closes. 

 

 

  

INTERLOCKS: None 

SCADA ALARMS 
AND 
INDICATIONS: 

INCOMING TRANSMISSION BUTTERFLY VALVE 

VALVE SELECTOR SWITCH IN OPEN-CLOSE-
OFF-AUTO (CPS-01-S-HS-01001,) 

VALVE IN REMOTE/LOCAL (CPS-01-S-XI-
01001) 

VALVE OPEN LIMIT SWITCH (CPS-01-S-ZO-
01001,) 

VALVE CLOSED LIMIT SWITCH (CPS-01-S-ZC-
01001) 

VALVE POSITION 0-100% (CPS-01-S-ZI-01001) 

 

SCADA 
SETPOINTS: 

Select GST water level (CPS-05-GST1-LIT-01001,  
CPS-05-GST2-LIT-02001) to close valve.  

Water level to close valve: 37 feet 

Closure speed for valve: 8 minutes 

 

COMPONENTS: Local control panel.   
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TRANSMISSION PIPELINE BUTTERFLY VALVES 

PROCESS 
DESCRIPTION: 

Five butterfly valves will be utilized for isolating flow and 
servicing the transmission pipeline.  Under normal 
operating conditions, all valves will remain open. The five 
butterfly valve actuators shall communicate via MODBUS 
TCP directly to the Central Pump Station.  

Additional I/O at each valve station, including vault hatch 
intrusion alarms, local control panel intrusion alarm, 
sump pump high level alarm, UPS battery low, and UPS 
power failure, shall be wired to the valve station PLC 
panel and monitored at the Central Pump Station HMI. 

 

EQUIPMENT: Butterfly Valves 

BF1-01 / BUTTERFLY VALVE NO. 1 (LITTLE YORK) 

BF2-01 / BUTTERFLY VALVE NO. 2 (SANDY LANE) 

BF3-01 / BUTTERFLY VALVE NO. 3 (ELLA ROAD) 

BF5-01 / BUTTERFLY VALVE NO. 5 (CUNNINGHAM 
ROAD) 

BF6-01 / BUTTERFLY VALVE NO. 6 (SH6) 

 

REFERENCES: Remote Valve Sites Monitoring Plan, Drawing No. 
01I604 

 

LOCAL 
FUNCTIONS: 
 
 
 
 
 
 
 
 
 
 
 
 

 

Capabilities shall be provided to position the valve locally 
with a Local/Remote selector switch and 
Open/Stop/Close momentary contact push buttons. The 
Local/Remote selector switch shall provide status 
contacts for when in ‘Remote’. 

The valve actuator shall have indicator lights for valve 
Open/Closed status as well as an indicator light for 
valve common alarm. 

Valve position indicator. The valve actuator shall have a 
local digital or mechanical indicator integral with the 
operator with a 0-100 percent scale and shall be clearly 
visible through a transparent window 

Before the valve can be operated at the local control 
panel in Locate/Remote selector switch in the field must 
be in the Local position. 
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SCADA MANUAL 
CONTROL: 

 

 

 

 

 

 

SCADA AUTO 
CONTROL: 

 

 

When the L/R selector switch in in the REMOTE position, 
the operator shall be able to control the valve remotely 
from the HMI. 

From the HMI, each butterfly valve shall be capable of 
remote manual operation by selecting the desired valve. A 
new graphic shall be opened to allow the operator to 
OPEN or CLOSE the valve.  

Valve status shall be displayed on the HMI including 
Open, Closed, Opening, Closing, 0-100% position, and 
common alarm. 

There is no SCADA Auto control. 

 

 

SCADA ALARMS 
& INDICATIONS: 

VALVE SELECTOR SWITCH IN LOCAL/MANUAL (BF1-
01-S-HS-01401, BF2-01-SHS-02401, BF3-01-SHS-03401, 
BF5-01-SHS-05401, BF6-01-SHS-06401) 

VALVE SELECTOR SWITCH IN REMOTE/AUTO (BF1-
01-S-HS-01402, BF2-01-S-HS-02402, BF3-01-S-HS-
03402, BF5-01-S-HS-05402, BF6-01-S-HS-06402) 

VALVE OPEN LIMIT SWITCH (BF1-01-S-ZSO-01403, 
BF2-01-S-ZSO-02403, BF3-01-S-ZSO-03403, BF5-01-S-
ZSO-05403, BF6-01-S-ZSO-06403) 

VALVE CLOSED LIMIT SWITCH (BF1-01-S-ZSC-01404, 
BF2-01-S-ZSC-02404, BF3-01-S-ZSC-03404, BF5-01-S-
ZSC-05404, BF6-01-S-ZSC-06404) 

VALVE OPENING (BF1-01-S-ZSO-01405, BF2-01-S-ZSO-
02405, BF3-01-S-ZSO-03405, BF5-01-S-ZSO-05405, 
BF6-01-S-ZSO-06405) 

VALVE CLOSING (BF1-01-S-ZSC-01406, BF2-01-S-ZSC-
02406, BF3-01-S-ZSC-03406, BF5-01-S-ZSC-05406, BF6-
01-S-ZSC-06406) 

VALVE UNIT COMMON ALARM (BF1-01-S-XA-01407, 
BF2-01-S-XA-02407, BF3-01-S-XA-03407, BF5-01-S-XA-
05407, BF6-01-S-XA-06407) 

VALVE OPEN COMMAND (BF1-01-S-ZOC-01408, BF2-
01-S-ZOC-02408, BF3-01-S-ZOC-03408, BF5-01-S-ZOC-
05408, BF6-01-S-ZOC-06408) 

VALVE CLOSE COMMAND (BF1-01-S-ZCC-01409, BF2-
01-S-ZCC-02409, BF3-01-S-ZCC-03409, BF5-01-S-ZCC-
05409, BF6-01-S-ZCC-06409) 
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VALVE STOP COMMAND (BF1-01-S-ZCS-01410, BF2-
01-S-ZCS-02410, BF3-01-S-ZCS-03410, BF5-01-S-ZCS-
05410, BF6-01-S-ZCS-06410) 

VALVE POSITION 0-100% (BF1-01-S-ZI-01411, BF2-01-
S-ZI-02411, BF3-01-S-ZI-03411, BF5-01-S-ZI-05411, BF6-
01-S-ZI-06411) 

VALVE VAULT HATCH 1 & 2 INTRUSION ALARM (BF1-
01-S-ZAS-01101, BF2-01-S-ZAS-02101, BF3-01-S-ZAS-
03101, BF5-01-S-ZAS-05101, BF6-01-S-ZAS-06101) 

LOCAL PANEL INTRUSION ALARM (BF1-01-S-ZAS-
01102, BF2-01-S-ZAS-02102, BF3-01-S-ZAS-03102, BF5-
01-S-ZAS-05102, BF6-01-S-ZAS-06102) 

SUMP PUMP HIGH LEVEL ALARM (BF1-01-S-LSH-
01201, BF2-01-S-LSH -02201, BF3-01-S-LSH-03201, 
BF5-01-S-LSH-05201, BF6-01-S-LSH-06201) 

UPS BATTERY LOW (BF1-01-S-JAL-01301, BF2-01-S-
JAL-02301, BF3-01-S-JAL-03301, BF5-01-S-JAL-05301, 
BF6-01-S-JAL-06301 

UPS POWER FAILURE (BF1-01-S-JA-01302, BF2-01-S-
JA-02302, BF3-01-S-JA-03302, BF5-01-S-JA-05302, BF6-
01-S-JA-06302 
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SECTION 40 91 10

PRIMARY ELEMENTS WITH TRANSMITTERS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes

1. Flow components

2. Pressure components

3. Level components

4. Temperature components

5. Analytical components

6. Speed components

7. Pipe, tubing and fittings

8. Instrument valves

B. Related Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of

the Contract

2. Division 01 - General Requirements

3. Section 40 90 00 - Instrumentation for Process Control:  Basic

Requirements

4. Section 40 90 05 - Process Control Narratives

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost

in associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,

payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards

1. American Gas Association (AGA)

a. Gas Measurement Committee Report #3.
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2. American Iron and Steel Institute (AISI)

3. American National Standards Institute (ANSI)

4. American Society of Mechanical Engineers (ASME)

a. B16.5, Pipe Flanges and Flanged Fittings

b. B31.1, Power Piping

c. PTC 19.3, Instruments and Apparatus, Part 3 Temperature

Measurement

d. PTC 19.5, Application of Fluid Meters, Part 2

e. Section II, Part A SA-182, Forged or Rolled Alloy Steel Pipe

Flanges, Forged Fittings, and Valves and Parts for High-

Temperature Service

f. Section II, Part A SA-479, Stainless Steel Bars and Shapes for Use

in Boilers and Other Pressure Vessels

5. Federal Communications Commission (FCC)

a. 47 CFR 15, Radio Frequency Devices

6. FM Global (FM)

7. Instrumentation, Systems, and Automation Society (ISA)

a. MC96.1, Temperature Measurement Thermocouples

8. National Electrical Manufacturers Association (NEMA)

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum)

9. US Department of Interior Bureau of Reclamation (USDIBR)

a. Water Measurement Manual

1.4 SYSTEM DESCRIPTION

A. The instruments specified in this Section are the primary element components

for the control loops shown on the "I" series Drawings and specified in

Section 40 90 05.

1. These instruments are integrated with other control system components

specified under Section 40 90 00 series to produce the functional control

defined in the Contract Documents.

1.5 SUBMITTALS

A. Shop Drawings

1. See Section 01 33 00 “Submittals” for requirements for the mechanics

and administration of the submittal process.

2. See Section 40 90 00.
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B. Operation and Maintenance Manuals

1. See Section 01 33 00 “Submittals” for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the manufacturers listed

in the Articles describing the elements are acceptable.

B. Submit request for substitution in accordance with Section 01 25 13 “Product

Substitutions”.

2.2 FLOW COMPONENTS

A. Magnetic Flow Meters (Full Body)

1. Acceptable manufacturers

a. Siemens

b. ABB

c. Krohne

d. Endress + Hauser

e. Rosemount

2. Flow Sensor Design

a. Utilize characterized field principle of electromagnetic induction to

produce signal directly proportional to flow rate.

b. High input impedance pre-amplifiers.

1) Minimum impedance:  1010 ohms

c. Provide flanged end connections per ASME B16.5 or wafer body

design rated for piping system operating and test conditions as

indicated in attachment. For flowmeter size 12 inch and smaller, the

meter flange shall be 304 stainless steel.

d. Flow sensor shall be capable of constant submersion (IP68) under

15 FT of water for applications in a vault.  Flow meters for

wastewater, WAS or RAS lines shall be FM approved for Class I,

Division 2 hazardous locations.

e. Grounding requirements: provide 316 stainless steel grounding

rings.
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f. Provide factory cable between magnetic flow meter and transmitter.

No splices allowed between meter and transmitter. Contractor is

responsible for field verification of cable requirement.

g. Pulsed DC magnetic field excitation.

h. Automatic zero.

i. Adjustable low flow cutoff.

j. Minimum signal lock (empty tube zero) to prevent false

measurement when tube is empty.

k. Range: As specified in attachment.

l. Components in contact with potable water to be NSF approved.

m. Internal lines: hard rubber, polyurethane or Teflon (for chemical

feed applications).

3. Flow Transmitter Design

a. Provide remote mount flow transmitter, NEMA 4X and FM approved

for Class I, Division 2 hazardous locations per service designations.

The remote flow transmitter shall be suitable for surface mount or

panel mount in control panel as specified in the Schedule.

b. Transmitter shall give empty-pipe detection, flow indication of

forward or reverse, and totalization in both forward and reverse

directions.

c. Power Requirement. 120 VAC, Single phase, 60 Hz.

d. Output.  Provide isolated 4-20 mA output for flow rate, and dual

alarm settings that are user assignable to fault conditions,

forward/reverse polarity, or analog over-range, etc.

e. Displays. Microprocessor based with 3-line, sixteen character LCD

display with user interface keypad mounted in the electronics

enclosure for display of flow rate in GPM, flow totalization, alarms

status and velocity. Operator shall be able to set up, check

calibration and view all parameters of the meter on the front of

transmitter without removing the cover.

f. Transmitter shall be infrared service port for configuration and

diagnostic functions through connection to a laptop, and allow

trouble shooting from remote location.

g. Accuracy shall be ± 0.5% of reading.

h. Transmitter shall have self-diagnostic functions to confirm correct

operation of hardware, and fault diagnosis for coil drive problems.

Transmitter electronics shall have integral Smart Meter

Calibration/Verification Capability.
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i. All flow transmitters shall be interchangeable without the need for

reprogramming sensor calibration data, meter size or serial

numbers.

j. Flow transmitter shall be provided with communication interface for

flow signal output through a Badger Orion LTE cellular endpoint

cellular communication device if required by P&ID Plans.

k. Approvals. FM and CSA Standards for designated service

locations.

4. Installation and Testing.

a. Electromagnetic Flow meter shall be calibrated to the specified flow

range under given conditions by the manufacturer according to

NIST standards. Certified Calibration data sheet shall be provided

for each meter.

b. Flow calibration: see Schedule

c. Flow transmitter for outdoor installation shall be mounted in

stainless steel sunshield enclosure. Provide stainless steel

stanchion and mounting accessories for the enclosure.

d. Field Service. Provide a minimum of 8 hours of installation

checkout, startup and testing by manufacturer’s authorized

representative.  All flow meter installations shall be approved and

certified by manufacturer’s representative.

e. Training. Provide 4-hour sessions of Operation and Maintenance

training by manufacturer’s authorized representative.

5. Remote Cellular Communication.

a. Install a Badger Orion LTE cellular endpoint cellular communication

device in the sunshield enclosure with connection cables and

surface mounting accessories.

6. Warranty.  Provide 3-year Factory Warranty covering 100 percent of

parts and labor for repair and replacement of equipment from Substantial

Completion after acceptance by the Owner.

7. Schedule

a. See attachment.

B. Electromagnetic Flow Meter (Full Profile Multi Point Insertion Magmeter)

1. Acceptable manufacturers

a. McCrometer FPI Mag Model 394 L

b. Approved Equal
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2. Design and Fabrication of Sensor

a. Construction: Insertion sensor material constructed of 316 Stainless

Steel and coated with NSF 61 certified epoxy coating that includes

multiple electrodes strategically positioned throughout the sensor.

b. Sensor operating Temperature: +14 to +140ºF

c. Flow Range: .3 fps to 32 fps (Maximum velocities may be restricted

to less than 32 fps for large diameter applications)

d. Accuracy +/- 0.5%of actual flow for 1 f/s to 32 f/s and +/- 1% from .3

fps to 1 fps

e. Provide and install 2-inch full ported valve with stainless steel

nipple.

f. Sensor submergence shall be NEMA 6P or IP68 rated to be

permanently submerged up to 30 feet.

3. Design and Fabrication of Converter

a. Enclosure: NEMA 4X or IP67 rated

b. Display: Background illumination the button menu driven

alphanumeric display to indicated flow rate, totalized values,

settings, alarms and failures.

c. Power supply 120 VAC

d. Outputs 4-20 mA (0-21 mA) into a maximum of 1000 ohms

e. Additional outputs

1) Four (4) separate digital programmable outputs: open collector

transistor useable for pulse frequency or alarm setting for

standard converters and Modbus configuration.

2) Two (2) separate digital programmable outputs: open collector

transistor for pulse, frequency or alarm setting for Profibus and

HART configurations.

f. Communications: RS-485 Modbus available

g. Signal Converter

1) Bi-directional flow feature

2) Eight digits counter for forward and reverse flow
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h. Calibration

1) Unit shall be NIST traceable certificate of calibration for each

flow sensor.

2) Unit shall be factory wet calibrated with all calibration

information documented and stored in the converter’s non-

volatile memory. Unit has to be placed in-service by a

manufacturer’s certificated technician in accordance with

manufacturer’s requirements.

C. Flow Switch (Paddle Type)

1. Acceptable Manufacturers

a. Dwyer Instruments, Inc.

b. Omega Engineering

c. Gems Sensors and Controls

d. Or equal

2. The flow indicating switch shall be swinging vane, variable orifice type

suitable for the applications shown.

3. Required Features

a. Enclosure: Weatherproof and explosion-proof. Listed with UL and

CSA for Class 1, Groups A, B, C and D.

b. Vane shall be 301 SS, lower body: brass or 303 SS, Magnet:

Ceramic, Tee:

c. Brass, iron, forged steel or 304SS.

d. Line size and connection ends as shown.

e. Switch type: Standard of snap SPDT switch with optional DPDT

snap switch.

f. Field adjustable switch setting for low flow models. Factory installed

settings for remaining flow ranges.

2.3 PRESSURE COMPONENTS

A. Pressure Transmitters

1. Acceptable manufacturers

a. Foxboro

b. Rosemount, Model 2051/2088

c. Endress-Hauser, Cerabar M

d. Siemens - Sitrans P500 series
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2. Materials

a. Isolating diaphragm:  as required.

b. Process flanges and adapters: as required.

c. Housing: Stainless Steel or aluminum.

d. Vent/drain valve: as required.

e. Fill fluid

1) Utilize halocarbon fill for process applications involving strong

oxidizing agents.

a) Agents include but are not limited to:  Cl2, KMnO4, FeCl,

NaOH, (NH₄)₂SO₄, and NaOCl.

2) Utilize manufacturer's standard fill for other applications.

3) Ensure fill is suitable for application temperatures.

3. Design and fabrication

a. Smart transmitters utilizing microprocessor based electronics.

b. Output:  4-20 mA DC proportional to pressure.

c. Nonvolatile EEPROM memory.

d. Power supply:  24 Vdc.

e. Adjustable zero and span.

f. Temperature limits:  -20 to 180ºF

1) -4 to 175ºF for LCD indicators

g. Overpressure limits:  Withstand 150 percent of stated maximum

service pressure without damage.

h. Humidity limits:  0 to 100 percent relative humidity.

i. Damping:  Adjustable between 0 and 32 seconds.

j. Inaccuracy (includes effects of linearity, repeatability and

hysteresis):  +/-0.10 percent of calibrated span for 15:1 rangeability.

k. Stability:  +/-0.2 percent of upper range limit for 12 months.

l. Temperature effect

1) Total effect including span and zero errors:  +/-0.2 percent of

upper range limit per 100ºF for minimum 15:1 rangeability.

m. Minimum 1/2 IN pressure connection.

n. Equip with test jacks or accessible terminals for testing output.

o. Equip with isolation valve and test connections with isolation valves

and/or plugs.

4. Schedule

a. See attachment.
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B. Pressure Gauge

1. Acceptable manufacturers

a. Ashcroft

b. Ametek

2. Materials

a. Bourdon tube, socket, connecting tube:  316 stainless steel.

b. Case:  Phenolic/ Polypropylene.

c. Pressure snubber: as required per application.

3. Accessories

a. Provide valve at point of connection to equipment and at panel if

panel mounted.

b. Utilize pressure snubbers with porous metal discs to provide

pulsation dampening on gauge applications as shown on schedule.

4. Design and fabrication

a. All components suitable for service at:

1) 250ºF

2) The maximum process temperature to which the gauge is to

be exposed.

b. Provide viewer protection from element rupture.

c. Calibrate gauges at jobsite for pressure and temperature in

accordance with manufacturer's instructions.

d. Unless otherwise required by codes, provide stem mounted or flush

mounted, as required, with dial diameter as follows:

PIPE SIZE DIAL SIZE GAUGE
CONNECTION

1-1/2 IN or less 2-1/2 IN 1/2 IN
Larger than 1-1/2
IN

4-1/2 IN 1/2 IN

e. Equip with white faces, black numerals and black pointers.

f. Gauge tapping position to be clear of equipment functions and

movements and protected from maintenance and operation of

equipment.

1) Gauge to be readable from an accessible standing position.

g. Gauge accuracy:  1 percent of full range.
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h. Select gauge range so that:

1) The normal operating value is in the middle third of the dial.

2) Maximum operating pressure does not exceed 75 percent of

the full scale range.

5. Schedule: see attachment.

C. Diaphragm Seal

1. Acceptable manufacturers

a. Ashcroft

b. Ametek

2. Materials

a. Lower housing: see attachment.

b. Diaphragm material: see attachment.

3. Design and fabrication

a. Isolates instrument from process fluids which are corrosive or

contain solids.

b. Upper housing with bleed screw.

c. Lower housing with flushing connection.

d. Fill fluid

1) Utilize halocarbon fill for process applications involving strong

oxidizing agents.

a) Agents include but are not limited to:  Cl2, KMnO4, FeCl,

NaOH, (NH₄)₂SO₄, and NaOCl.

2) Utilize manufacturer's standard fill for other applications.

a) Ensure fill is suitable for application temperatures.

e. Process connections

1) Instrument:  1/2 IN NPT

2) Process:  1 IN female NPT

3) PVC pipe applications:  Use a socket weld connection.

4. Installed where specified or shown on Drawings.
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2.4 LEVEL ELEMENTS

A. Ultrasonic Level Sensor and Transmitter (Chemical Tank Area)

1. Acceptable manufacturers

a. Foxboro

b. Siemens

c. Endress + Hauser

d. Rosemount

2. Materials

a. Sensor wetted parts:  PVC, polypropylene, KYNAR or

polyvinylidene fluoride (PVDF).

3. Design and fabrication

a. Sensor

1) Emits ultrasonic sound

2) Detects return echo reflected from surface and converts it to

electrical energy proportional to level

b. Temperature compensated automatically.

c. Capable of being configured to ignore false targets.

d. Operating temperature:  -4 to 140ºF

e. Humidity:  95 percent non-condensing.

f. Transmitter

1) Capable of producing output signal proportional to level of

4-20 mA DC into 500 ohm load.

2) Power supply:  120 Vac (+/-10 percent), 60 Hz.

3) Inaccuracy:  0.25 percent of range or 0.24 IN, whichever is

greater.

4) Resolution:  0.1 percent of span or 0.08 IN, whichever is

greater.

5) Display:  Four-digit LED or LCD scalable to engineering units

with selectable decimal point.

6) Two (2) SPDT contacts rated at 5 amp at 120 Vac

7) Temperature:  -5 to 122ºF

8) Humidity:  100 percent non-condensing

9) Memory:  EEPROM (non-volatile)

10) Keypad programmer

g. Sensor and transmitter rated for external use.
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B. Gauge glasses shall conform to the following

1. Gauge glasses shall be of the type and design for the operating pressure

and temperature.

2. Gauge glasses shall be complete with shutoff cocks and drain cocks.

a. Shutoff cocks shall be furnished with built-in check valves.

b. Guard bars shall be furnished to protect against glass breakage.

C. Flood Level Switch

1. Acceptable Manufacturers

a. Magnetrol Model FLS or equal

2. Materials of Construction

a. Float: 300 series stainless steel with 400 series magnetic attraction

sleeve.

b. Float envelope: Stainless steel

3. Provide float capable of detecting water at 3/4 inches from the floor.

4. Provide a NEMA 4x6, 7/9 cast aluminum submersible electrical

enclosure.

D. Level Switch (Float Type)

1. Acceptable Manufacturers

a. Dwyer Instruments, Inc.

b. Omega Engineering

c. Gems Sensors and Controls

d. Or equal

2. The device shall be capable of detecting fluid level and initiating a signal.

3. Required Features

a. Type: Direct acting float.

b. Sealed SPDT control switch (non-mercury).

c. Actuation by steel ball.

d. High impact, corrosion resistant, polypropylene float material.

e. Heavy duty, flexible 18 gauge, three connector, neoprene-jacketed

cable with waterproof connection. Provide cable length, as

required.

f. Not sensitive to rotation.

g. Operating Temperature: Up to 140ºF.

h. Provide weighted cable or mounting bracket to suit installation.
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E. Level Transmitters

1. Acceptable manufacturers

a. Rosemount, Model 3051L

b. Endress-Hauser, Deltabar S

2. Design and fabrication

a. Smart transmitter utilizing microprocessor based electronics.

b. Output:  4-20 mA DC proportional to Differential pressure.

c. Nonvolatile EEPROM memory.

d. Power supply:  24 Vdc.

e. Adjustable zero and span.

f. Temperature limits:  -20 to 180ºF

1) -4 to 175ºF for LCD indicators

g. Material: 316 stainless steel (body and flange)

h. Flange size: refer to Drawings

i. Overpressure limits

1) Withstand body rated pressure on either side without damage

or loss of calibration

2) Withstand 150 percent of stated maximum service pressure

without damage

j. Humidity limits:  0 to 100 percent relative humidity

k. Damping:  Adjustable between 0 and 32 seconds

l. Inaccuracy (includes effects of linearity, repeatability and

hysteresis):  +/-0.10 percent of calibrated span for 15:1 rangeability

m. Stability:  +/-0.2 percent of upper range limit for 12 months

n. Temperature effect

1) Total effect including span and zero errors:  +/-0.2 percent of

upper range limit per 100ºF for minimum 15:1 rangeability

o. Minimum 1/2 IN pressure connection

p. Equip with test jacks or accessible terminals for testing output

q. Provide with test connections with isolation valves and/or plugs

3. Schedule: see attachment
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2.5 PIPE, TUBING, AND FITTINGS

A. Acceptable Manufacturers

1. Tube fittings

a. Parker CPI

b. Swagelok

B. Instrument Tubing and Fittings

1. Material

a. Tubing:  ASTM A269, Grade TP 316 stainless steel

b. Straight fittings:  316 stainless steel per ASME SA-479 or ASTM

A276

c. Shaped bodies:  ASME SA-182 F316 stainless steel

2. Design and fabrication

a. Tubing

1) Seamless

2) Fully annealed

3) Maximum hardness:  80 Rb

4) Free from surface scratches and imperfections

5) Diameter:  1/2 IN OD unless specified otherwise

6) Wall thickness:

a) Meet requirements of ASME B31.1, Paragraph 122.3

b) Minimum 0.049 IN for 1/2 IN OD tubing

b. Fittings

1) Flareless

2) Compression type

C. Instrument Piping

1. For applications where the instrument is supported solely by the sensing

line, (e.g., pressure gauge directly mounted to process line) utilize piping

as specified below

a. Diameter:  1/2 IN unless specified otherwise

b. Schedule 80

c. 316 stainless steel
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2.6 INSTRUMENT VALVES

A. Process instrument multi-valve manifolds, isolation, vent and blow-down

valves

1. Acceptable manufacturers

a. Whitey Co.

b. Anderson-Greenwood USA, Inc.

c. Ashcroft

d. Rosemount

2. Materials

a. Packing

1) 450ºF and above:  Graphite

2) Below 450ºF:  Graphite or Teflon

b. Body:  316 stainless steel per ASTM A479

c. Stem:  316 stainless steel per ASTM A276

d. Ball:  316 stainless steel per ASTM A276

e. Support rings:  316 stainless steel per ASTM A276

f. Seats

1) Metal:

a) 316 stainless steel per ASTM A276

2) Soft:

a) Teflon, Delrin

b) Only utilized on applications where manufacturer's

temperature and pressure ratings exceed process design

conditions

3. Design and fabrication

a. Either of the following

1) Ball valve with 1/4 turn activation

2) Free-swiveling ball stem

b. Provide body wall thickness sufficient for process design conditions

per ASME B31.1.

c. Temperature:  Manufacturer's temperature rating for all

components shall exceed process design conditions.
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2.7 ACCESSORIES

A. Furnish all mounting brackets, hardware and appurtenances required for

mounting primary elements and transmitters.

1. Materials, unless otherwise specified, shall be as follows:

a. Bolts, nuts, washers, expansion anchors:  316 stainless steel

b. Mounting brackets

1) Standard:  316 stainless steel

2) Highly corrosive areas: FRP

c. Mounting plates, angles

1) Standard:  Carbon steel

2) Corrosive areas: FRP

d. Instrument pipe stands

1) Standard:  Hot-dip galvanized 2 IN schedule 40, ASTM A106,

Grade B carbon steel

2) Corrosive areas: FRP

B. Tubing Support Angles and Brackets

1. Any of the following materials are acceptable

a. Standard

1) Aluminum support with dielectric material between support

and tubing

b. Corrosive

1) Type 316 stainless steel

2) Fiberglass

C. Tubing Tray or Channel

1. Aluminum

2. Provide dielectric material between tray or channel and tubing

D. Provide HART handheld communicator compatible with all intelligent

transmitters furnished.

1. Hand held communicator shall provide capability to check calibration,

change transmitter range, and provide diagnostics.

2. If these features are provided with the intelligent transmitter, the hand

held communicator is not required.
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E. Cable lengths between sensors and transmitters shall be continuous (without

splices) and as required to accommodate locations as shown on Drawings.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install instrument mounting pipe stands level and plumb.

C. Instrument Valves

1. Orient stems for proper operation

2. Install arrays orderly and neat in appearance with true horizontal and

vertical lines.

3. Provide a minimum of 2 IN clearance between valve handle turning radii

where there are multiple valve handles appearing in a straight line.

4. Valves shall have bonnets and any soft seals removed during welding or

soldering into the line.  When cool, reassemble the valves.

5. Support each valve individually.  The tubing system does not qualify as

support for the valve.

D. Locate instrument piping and tubing so as to be free of vibration and

interference with other piping, conduit, or equipment.

E. Keep foreign matter out of the system.

F. Remove all oil on piping and tubing with solvent before piping and tubing

installation.

G. Plug all open ends and connections to keep out contaminants.

H. Tubing Installation

1. General

a. Install such that tube shows no sign of crumpling, bends of too

short a radius, or flattening, etc.

b. Make tube runs straight and parallel or perpendicular to the floor,

equipment and piping runs.

c. For liquid and steam applications, slope continuously from the

process to the instrument with a minimum slope of 0.50 IN per foot.
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d. For gas and air applications, slope continuously from the instrument

to the process with a minimum slope of 0.50 IN per foot.

e. If the sensing line cannot be continuously sloped, install high point

vents and low point drains.

f. Keep instrument tubing clean during all phases of work.

g. Blow out with clean, dry, oil-free air immediately before final

assembly.

h. Cut by sawing only and debur.

2. Bending

a. Make each bend with tube bender of the correct size for the tube.

b. Make all bends smooth and continuous.

c. Rebending is not permitted.

d. Make bends true to angle and radius.

e. Maintain a true circular cross section of tubing without buckling or

undue stretch of tube wall.

f. Allowable tolerance for flattening out of tubing bends:  Maximum of

8 percent of the OD for stainless steel tubing.

g. Minimum bending radius for stainless steel tubing

TUBE OD,
INCHES

MINIMUM
BENDING

RADIUS, INCHES

1/4 9/16
3/8 15/16
1/2 1-1/2

h. Minimum bending radius for type L, hard (drawn) copper

TUBE OD,
INCHES

MINIMUM
BENDING

RADIUS, INCHES

3/8 1-3/4
1/2 2-1/2

3. Tubing support

a. Intermittently support by clamping to support angle.

b. Install supports to be self-draining, supported by hangers, or

cantilevered from walls or structural beams.
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c. Support at 5 FT-0 IN maximum spans for horizontal or vertical runs.

d. Use tubing trays in areas where spans between supports are

greater than 5 FT and for all signal tubing support.

e. Support each tubing tray at 10 FT maximum spans.

f. Align tubing in orderly rows and retain in the tray by bolted clips.

1) The use of spring or speed clips is not acceptable.

g. Maintain order of the tubing throughout the length of the tray.

h. Locate angle, channel and tray installation to protect tubing from

spills and mechanical damage.

i. Locate support members to clear all piping, conduit, equipment,

hatchways, monorails, and personnel access ways and allow

access for equipment operation and maintenance.

j. Support trays to prevent torsion, sway or sag.

k. Permanently attach supports to building steel or other permanent

structural members.

l. Arrange supports and trays so that they do not become a trough or

trap.

4. Routing and orientation

a. Route to maintain a minimum headroom clearance of 8 FT.

b. Locate and orient valves and specialties so that they are accessible

for operation and maintenance from the operating floor.

1) Do not route through or over equipment removal areas, below

monorails or cranes nor above or below hatches.

5. Expansion and vibration provisions

a. Provide horizontal expansion loops at the process connections.

b. Route tubing parallel to relative motion through sleeved supports

that allow linear tube movement.

c. Cold springing of tubing to compensate for thermal expansion is

prohibited.

d. Utilize flexible hoses to connect pneumatic tubing to air users which

may move or vibrate.

I. Threaded Connection Seals

1. Use Tite-Seal or acceptable alternate.

2. Use of lead base pipe dope or Teflon tape is not acceptable.

3. Do not apply Tite-Seal to tubing threads of compression fittings.
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J. Capillary Tubing

1. Route capillary tubing in tubing tray.

2. Install capillary tubing with a 2 IN minimum bend radius which does not

kink or pinch the capillaries.

3. Do not cut or disconnect at any point.

4. Coil excess capillary tubing and secure at the instrument.

K. Temperature Elements

1. Assemble in the following sequence

a. Remove temperature sensor sheaths and terminal blocks from the

head and nipple assembly.

b. Connect nipple and head to thermowell installed in the pipe.

c. Insert sheath and terminal block until it seats in the thermowell.

d. Connect to the head.

L. Instrument Mounting

1. Mount all instruments where they will be accessible from fixed ladders,

platforms, or grade.

2. Provide remote readouts for instruments mounted above 8 FT.

3. Mount all local indicating instruments with face forward toward the

normal operating area, within reading distance, and in the line of sight.

4. Mount instruments level, plumb, and support rigidly.

5. Mount to provide

a. Protection from heat, shock, and vibrations.

b. Accessibility for maintenance.

c. Freedom from interference with piping, conduit and equipment.

6. Outside mounted instruments shall face north or east and shall be

protected from direct sunlight by an enclosure or sunshield.

3.2 TESTING

A. Flow Meters

1. All inline flowmeters shall come with factory calibration certificates. A

manufacturer’s representative shall confirm all programming and factory

calibration programming in the field.

2. Acceptable factory testing methodologies include flow lab, fill and draw

down method and the dye-dilution method as required.
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3. Flow meters shall not be accepted until they meet the accuracies

specified herein or shown on the Drawings. Flow meter manufacturer will

be responsible for all costs associated with field calibration, installation

of additional flow straightening vanes, and additional testing as

necessary to meet the accuracies specified.

3.3  MASTER SCHEDULE OF INSTRUMENTATION

See Attachment

END OF SECTION
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WHCRWA Central Pump Station
Project No. 60514982

ATTACHMENT PRIMARY ELEMENTS AND TRANSMITTERS

In
de

x 
N

o.

U
ni

t #

Ite
m

 #

Description Low Limit High Limit Engr Units Off State On State P&ID
I/O

Type Spec 2, 3, 4 Wire PMCS Instr. Types
9 CPS - 01 - S - PIT - 01 001 INCOMING PRESSURE INDICATION AND TRANSMIT 0 100% - - - 01I601 AI 40 91 10 Art. 2.3.A 2 CB PMCS PRESSURE TRANSMITTER

16 CPS - 01 - S - FM - 01 001 FLOW METER INDICATION AND TRANSMIT 22 162 MGD - - 01I601 - 40 91 10 Art. 2.2.B 2 CB PMCS ELECTROMAGNETIC FLOW METER
233 CPS - 01 - SH - LSL - 02 001 SUMP PUMP LEVEL LOW - - - NORMAL STOP PUMP 01I602 DI 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
234 CPS - 01 - SH - LSH - 02 001 SUMP PUMP LEVEL HIGH - - - NORMAL START PUMP 01I602 DI 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
235 CPS - 01 - SH - LSHH - 02 001 SUMP PUMP LEVEL HIGH-HIGH - - - NORMAL ALARM 01I602 DI 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
255 CPS - 01 - S - LSH - 01 001 LEVEL SWITCH INCOMING TRENCH - - - NORMAL ALARM 01I601 DI 40 91 10 Art. 2.4.C 2 CB PMCS LEVEL SWITCH ALARM
256 CPS - 01 - DH - LSH - 03 001 LEVEL SWITCH FOR OUTGOING TRENCH - - - NORMAL ALARM 04I601 DI 40 91 10 Art. 2.4.C 2 CB PMCS LEVEL SWITCH ALARM
257 CPS - 01 - XFMR - LSH - 04 001 LEVEL SWITCH FOR TRANSFORMER SUMP - - - NORMAL ALARM 04I601 DI 40 91 10 Art. 2.4.C 2 CB PMCS LEVEL SWITCH ALARM
26 CPS - 03 - HSP1 - PI - 01 001 PRESSURE INDICATION -5 92 PSI - - 03I601 NA 40 91 10 Art. 2.3.B NA HSP1 PMCS PRESSURE GAUGE
27 CPS - 03 - HSP1 - PI - 01 002 PRESSURE INDICATION -5 92 PSI - - 03I601 NA 40 91 10 Art. 2.3.B NA HSP1 PMCS PRESSURE GAUGE
50 CPS - 03 - HSP1 - PIT - 01 001A PRESSURE INDICATING TRANSMITTER -5 92 PSI - - 03I601 AI 40 91 10 Art. 2.3.A 2 HSP1 PMCS PRESSURE TRANSMITTER
51 CPS - 03 - HSP1 - PIT - 01 001B PRESSURE INDICATING TRANSMITTER -5 92 PSI - - 03I601 AI 40 91 10 Art. 2.3.A 2 HSP1 PMCS PRESSURE TRANSMITTER
60 CPS - 03 - HSP1 - HS - 01 001 ESTOP HAND SWITCH - - - E-STOP NORMAL 03I601 DI 40 97 00 Art. 2.3.B 2 HSP1 PMCS PILOT DEVICES, EMERGENCY STOP
61 CPS - 03 - HSP1 - HS - 01 002 ESTOP HAND SWITCH - - - E-STOP NORMAL 03I601 DI 40 97 00 Art. 2.3.B 2 HSP1 PMCS PILOT DEVICES, EMERGENCY STOP
62 CPS - 03 - HSP1 - FM - 01 001 FLOW METER INDICATION AND TRANSMIT 0 30000 GPM - - 03I601 AI 40 91 10 Art. 2.2.A 4 HSP1 PMCS MAGNETIC FLOW METER (FULL BODY)
67 CPS - 03 - HSP2 - PI - 02 001 PRESSURE INDICATION -5 92 PSI - - 03I602 NA 40 91 10 Art. 2.3.B NA HSP2 PMCS PRESSURE GAUGE
68 CPS - 03 - HSP2 - PI - 02 002 PRESSURE INDICATION -5 92 PSI - - 03I602 NA 40 91 10 Art. 2.3.B NA HSP2 PMCS PRESSURE GAUGE
91 CPS - 03 - HSP2 - PIT - 02 001A PRESSURE INDICATING TRANSMITTER -5 92 PSI - - 03I602 AI 40 91 10 Art. 2.3.A 2 HSP2 PMCS PRESSURE TRANSMITTER

100 CPS - 03 - HSP2 - HS - 02 001 ESTOP HAND SWITCH - - - E-STOP NORMAL 03I602 DI 40 97 00 Art. 2.3.B 2 HSP2 PMCS PILOT DEVICES, EMERGENCY STOP
101 CPS - 03 - HSP2 - HS - 02 002 ESTOP HAND SWITCH - - - E-STOP NORMAL 03I602 DI 40 97 00 Art. 2.3.B 2 HSP2 PMCS PILOT DEVICES, EMERGENCY STOP
102 CPS - 03 - HSP2 - FM - 02 001 FLOW METER INDICATION AND TRANSMIT 0 30000 GPM - - 03I602 AI 40 91 10 Art. 2.2.A 4 HSP2 PMCS MAGNETIC FLOW METER (FULL BODY)
105 CPS - 03 - HSP3 - PI - 03 001 PRESSURE INDICATION -5 92 PSI - - 03I603 NA 40 91 10 Art. 2.3.B NA HSP3 PMCS PRESSURE GAUGE
106 CPS - 03 - HSP3 - PI - 03 002 PRESSURE INDICATION -5 92 PSI - - 03I603 NA 40 91 10 Art. 2.3.B NA HSP3 PMCS PRESSURE GAUGE
129 CPS - 03 - HSP3 - PIT - 03 001A PRESSURE INDICATING TRANSMITTER -5 92 PSI - - 03I603 AI 40 91 10 Art. 2.3.A NA HSP3 PMCS PRESSURE TRANSMITTER
138 CPS - 03 - HSP3 - HS - 03 001 ESTOP HAND SWITCH - - - E-STOP NORMAL 03I603 DI 40 97 00 Art. 2.3.B 2 HSP3 PMCS PILOT DEVICES, EMERGENCY STOP
139 CPS - 03 - HSP3 - HS - 03 002 ESTOP HAND SWITCH - - - E-STOP NORMAL 03I603 DI 40 97 00 Art. 2.3.B 2 HSP3 PMCS PILOT DEVICES, EMERGENCY STOP
140 CPS - 03 - HSP3 - FM - 03 001 FLOW METER INDICATION AND TRANSMIT 0 30000 GPM - - 03I603 AI 40 91 10 Art. 2.2.A 4 HSP3 PMCS MAGNETIC FLOW METER (FULL BODY)
143 CPS - 03 - HSP4 - PI - 04 001 PRESSURE INDICATION -5 92 PSI - - 03I604 NA 40 91 10 Art. 2.3.B NA HSP4 PMCS PRESSURE GAUGE
144 CPS - 03 - HSP4 - PI - 04 002 PRESSURE INDICATION -5 92 PSI - - 03I604 NA 40 91 10 Art. 2.3.B NA HSP4 PMCS PRESSURE GAUGE
167 CPS - 03 - HSP4 - PIT - 04 001A PRESSURE INDICATING TRANSMITTER -5 92 PSI - - 03I604 AI 40 91 10 Art. 2.3.A 2 HSP4 PMCS PRESSURE TRANSMITTER
176 CPS - 03 - HSP4 - HS - 04 001 ESTOP HAND SWITCH - - - E-STOP NORMAL 03I604 DI 40 97 00 Art. 2.3.B 2 HSP4 PMCS PILOT DEVICES, EMERGENCY STOP
177 CPS - 03 - HSP4 - HS - 04 002 ESTOP HAND SWITCH - - - E-STOP NORMAL 03I604 DI 40 97 00 Art. 2.3.B 2 HSP4 PMCS PILOT DEVICES, EMERGENCY STOP
178 CPS - 03 - HSP4 - FM - 04 001 FLOW METER INDICATION AND TRANSMIT 0 30000 GPM - - 03I604 AI 40 91 10 Art. 2.2.A 4 HSP4 PMCS MAGNETIC FLOW METER (FULL BODY)
181 CPS - 03 - HSP6 - PIT - 06 001A PRESSURE INDICATING TRANSMITTER -5 92 PSI - - 03I606 AI 40 91 10 Art. 2.3.A 2 HSP4 PMCS PRESSURE TRANSMITTER
223 CPS - 03 - HSP2 - PIT - 02 001B PRESSURE INDICATING TRANSMITTER -5 92 PSI - - 03I602 AI 40 91 10 Art. 2.3.A 2 HSP2 PMCS PRESSURE TRANSMITTER
224 CPS - 03 - HSP3 - PIT - 03 001B PRESSURE INDICATING TRANSMITTER -5 92 PSI - - 03I603 AI 40 91 10 Art. 2.3.A 2 HSP3 PMCS PRESSURE TRANSMITTER
225 CPS - 03 - HSP4 - PIT - 04 001B PRESSURE INDICATING TRANSMITTER -5 92 PSI - - 03I604 AI 40 91 10 Art. 2.3.A 2 HSP4 PMCS PRESSURE TRANSMITTER
183 CPS - 04 - CLT1 - LE/LIT - 01 001 LEVER INDICATION AND TRANSMIT 0 12.5 FT - ALARM (11 FT) 04I601 AI 40 91 10 Art. 2.4.A 2 CB PMCS LEVEL TRANSMITTER
184 CPS - 04 - CLT2 - LE/LIT - 02 001 LEVER INDICATION AND TRANSMIT 0 12.5 FT - ALARM (11 FT) 04I601 AI 40 91 10 Art. 2.4.A 2 CB PMCS LEVEL TRANSMITTER
189 CPS - 04 - CLP1 - PIT - 01 001 PRESSURE INDICATING TRANSMITTER 0 100% - - - 04I601 AI 40 91 10 Art. 2.3.A 2 CB PMCS PRESSURE TRANSMITTER
190 CPS - 04 - CLP2 - PIT - 02 001 PRESSURE INDICATING TRANSMITTER 0 100% - - - 04I601 AI 40 91 10 Art. 2.3.A 2 CB PMCS PRESSURE TRANSMITTER
191 CPS - 04 - CLP3 - PIT - 03 001 PRESSURE INDICATING TRANSMITTER 0 100% - - - 04I601 AI 40 91 10 Art. 2.3.A 2 CB PMCS PRESSURE TRANSMITTER
192 CPS - 04 - CLT1 - LSH - 01 009 LEVEL SWITCH NA NA - NORMAL ALARM 04I601 DI 40 91 10 Art. 2.4.C 2 CB PMCS LEVEL SWITCH ALARM
193 CPS - 04 - CLP1 - LSH - 01 010 LEVEL SWITCH NA NA - NORMAL ALARM 04I601 DI 40 91 10 Art. 2.4.C 2 CB PMCS LEVEL SWITCH ALARM
195 CPS - 04 - LAST1 - LE/LIT - 01 001 LEVER INDICATION AND TRANSMIT 0 14.5 FT - ALARM (14 FT) 04I602 AI 40 91 10 Art. 2.4.A 2 CB PMCS LEVEL TRANSMITTER
196 CPS - 04 - LAST2 - LE/LIT - 02 001 LEVER INDICATION AND TRANSMIT 0 14.5 FT - ALARM (14 FT) 04I602 AI 40 91 10 Art. 2.4.A 2 CB PMCS LEVEL TRANSMITTER
200 CPS - 04 - LASP1 - PIT - 01 001 PRESSURE INDICATING TRANSMITTER 0 100% - - - 04I602 AI 40 91 10 Art. 2.3.A 2 CB PMCS PRESSURE TRANSMITTER
201 CPS - 04 - LASP2 - PIT - 02 001 PRESSURE INDICATING TRANSMITTER 0 100% - - - 04I602 AI 40 91 10 Art. 2.3.A 2 CB PMCS PRESSURE TRANSMITTER
202 CPS - 04 - LAST2 - LSH - 02 009 LEVEL SWITCH - - - NORMAL ALARM 04I602 DI 40 91 10 Art. 2.4.C 2 CB PMCS LEVEL SWITCH ALARM
203 CPS - 04 - LASP2 - LSH - 02 010 LEVEL SWITCH - - - NORMAL ALARM 04I602 DI 40 91 10 Art. 2.4.C 2 CB PMCS LEVEL SWITCH ALARM
219 CPS - 04 - LASP2 - LSH - 02 011 LEVEL SWITCH - - - NORMAL ALARM 04I602 DI 40 91 10 Art. 2.4.C 2 CB PMCS LEVEL SWITCH ALARM
221 CPS - 04 - A2 - PI - 02 001 PRESSURE INDICATION PSI - - 01I603 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
222 CPS - 04 - A2 - PI - 02 002 PRESSURE INDICATION PSI - - 01I603 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
236 CPS - 04 - A1 - FS - 01 001 RECIRCULATION PUMP No. 1 FLOW - - - NORMAL FLOW 01I601 DI 40 91 10 Art. 2.2.C 2 PB PMCS FLOW SWITCH (PADDLE TYPE)
237 CPS - 04 - A1 - FS - 01 002 RECIRCULATION PUMP No. 2 FLOW - - - NORMAL FLOW 01I601 DI 40 91 10 Art. 2.2.C 2 PB PMCS FLOW SWITCH (PADDLE TYPE)
238 CPS - 04 - A1 - FS - 01 003 RECIRCULATION PUMP No. 3 FLOW - - - NORMAL FLOW 01I601 DI 40 91 10 Art. 2.2.C 2 PB PMCS FLOW SWITCH (PADDLE TYPE)
239 CPS - 04 - A1 - PI - 01 001 PRESSURE INDICATION TO ANALYZER No. 1 - - PSI - - 01I601 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
240 CPS - 04 - A1 - PI - 01 002 PRESSURE INDICATION TO ANALYZER No. 2 - - PSI - - 01I601 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
241 CPS - 04 - CLP1 - PI - 01 001 PRESSURE INDICATION TO CLP No. 1 - - PSI - - 04I601 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
242 CPS - 04 - CLP1 - PI - 01 002 PRESSURE INDICATION FROM CLP No. 1 - - PSI - - 04I601 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
243 CPS - 04 - CLP2 - PI - 02 001 PRESSURE INDICATION TO CLP No. 2 - - PSI - - 04I601 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
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 1 Low Limit and High Limit are based on the anticipated normal condition phase 1 span for calibration purposes, not ultimate span.
1/17/2020 INSTRUMENT DEVICE SCHEDULE - 1 40 91 10-1



WHCRWA Central Pump Station
Project No. 60514982

ATTACHMENT PRIMARY ELEMENTS AND TRANSMITTERS

In
de

x 
N

o.

U
ni

t #

Ite
m

 #

Description Low Limit High Limit Engr Units Off State On State P&ID
I/O

Type Spec 2, 3, 4 Wire PMCS Instr. TypesFa
ci

lit
y 

Co
de

Ar
ea

 C
od

e

Sy
st

em
 C

od
e

Eq
ui

p 
Co

de

244 CPS - 04 - CLP2 - PI - 02 002 PRESSURE INDICATION FROM CLP No. 2 - - PSI - - 04I601 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
245 CPS - 04 - CLP3 - PI - 03 001 PRESSURE INDICATION TO CLP No. 3 - - PSI - - 04I601 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
246 CPS - 04 - CLP3 - PI - 03 002 PRESSURE INDICATION FROM CLP No. 3 - - PSI - - 04I601 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
247 CPS - 04 - LASP1 - PI - 01 001 PRESSURE INDICATION TO LASP No. 1 - - - - - 04I602 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
248 CPS - 04 - LASP1 - PI - 01 002 PRESSURE INDICATION FROM LASP No. 1 - - - - - 04I602 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
249 CPS - 04 - LASP2 - PI - 02 001 PRESSURE INDICATION TO LASP No. 2 - - - - - 04I602 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
250 CPS - 04 - LASP2 - PI - 02 002 PRESSURE INDICATION FROM LASP No. 2 - - - - - 04I602 - 40 91 10 Art. 2.3.B - - PRESSURE GAUGE
204 CPS - 05 - GST1 - LE/LIT - 01 001 LEVEL INDICATION AND TRANSMIT (TANK INLET) 0 33 FT - ALARM (12 FT) 05I601 AI 40 91 10 Art. 2.4.E 2 PB PMCS LEVEL TRANSMITTER
205 CPS - 05 - GST1 - FS - 01 001 TANK OVERFLOW DETECTION - - - NO FLOW FLOW 05I601 DI 40 91 10 Art. 2.2.C 4 PB PMCS FLOW SWITCH
206 CPS - 05 - GST1 - FS - 01 002 TANK OVERFLOW DETECTION - - - NO FLOW FLOW 05I601 DI 40 91 10 Art. 2.2.C 4 PB PMCS FLOW SWITCH
207 CPS - 05 - GST1 - XS - 01 001 ROOF ACCESS HATCH INTRUSION ALARM - - - ALARM NORMAL 05I601 DI 33 16 32 Art. 2.4 2 PB PMCS HATCH DOOR CONTACT
208 CPS - 05 - GST1 - XS - 01 002 ROOF ACCESS HATCH INTRUSION ALARM - - - ALARM NORMAL 05I601 DI 33 16 32 Art. 2.4 2 PB PMCS HATCH DOOR CONTACT
209 CPS - 05 - GST1 - XS - 01 003 ROOF ACCESS HATCH INTRUSION ALARM - - - ALARM NORMAL 05I601 DI 33 16 32 Art. 2.4 2 PB PMCS HATCH DOOR CONTACT
210 CPS - 05 - GST1 - XS - 01 004 ACCESS LADDER INTRUSION ALARM 1 - - - ALARM NORMAL 05I601 DI 33 16 32 Art. 2.4 2 PB PMCS HATCH DOOR CONTACT
211 CPS - 05 - GST2 - XS - 02 004 ACCESS LADDER INTRUSION ALARM 1 - - - ALARM NORMAL 05I601 DI 33 16 32 Art. 2.4 2 PB PMCS HATCH DOOR CONTACT
212 CPS - 05 - GST2 - LE/LIT - 02 001 LEVEL INDICATION AND TRANSMIT (TANK INLET) 0 33 FT NORMAL ALARM (12 FT) 05I602 AI 40 91 10 Art. 2.4.E 2 PB PMCS LEVEL TRANSMITTER
213 CPS - 05 - GST2 - FS - 02 001 TANK OVERFLOW DETECTION - - - NO FLOW FLOW 05I602 DI 40 91 10 Art. 2.2.C 4 PB PMCS FLOW SWITCH
214 CPS - 05 - GST2 - FS - 02 002 TANK OVERFLOW DETECTION - - - NO FLOW FLOW 05I602 DI 40 91 10 Art. 2.2.C 4 PB PMCS FLOW SWITCH
215 CPS - 05 - GST2 - XS - 02 001 ROOF ACCESS HATCH INTRUSION ALARM - - - ALARM NORMAL 05I602 DI 33 16 32 Art. 2.4 2 PB PMCS HATCH DOOR CONTACT
216 CPS - 05 - GST2 - XS - 02 002 ROOF ACCESS HATCH INTRUSION ALARM - - - ALARM NORMAL 05I602 DI 33 16 32 Art. 2.4 2 PB PMCS HATCH DOOR CONTACT
217 CPS - 05 - GST2 - XS - 02 003 ROOF ACCESS HATCH INTRUSION ALARM - - - ALARM NORMAL 05I602 DI 33 16 32 Art. 2.4 2 PB PMCS HATCH DOOR CONTACT
227 CPS - 05 - GST1 - LSL - 01 001 SUMP PUMP LEVEL LOW - - - NORMAL STOP PUMP 05I601 DI 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
228 CPS - 05 - GST1 - LSH - 01 001 SUMP PUMP LEVEL HIGH - - - NORMAL START PUMP 05I601 DI 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
229 CPS - 05 - GST1 - LSHH - 01 001 SUMP PUMP LEVEL HIGH-HIGH - - - NORMAL ALARM 05I601 DI 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
230 CPS - 05 - GST2 - LSL - 02 001 SUMP PUMP LEVEL LOW - - - NORMAL STOP PUMP 05I602 DI 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
231 CPS - 05 - GST2 - LSH - 02 001 SUMP PUMP LEVEL HIGH - - - NORMAL START PUMP 05I602 DI 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
232 CPS - 05 - GST2 - LSHH - 02 001 SUMP PUMP LEVEL HIGH-HIGH - - - NORMAL ALARM 05I602 DI 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
218 CPS - 07 - SLSP - FM - 01 001 FLOW METER INDICATION AND TRANSMIT 0 16100 GPD - - 07I601 AI 40 91 10 Art. 2.2.A 4 LSP PMCS MAGNETIC FLOW METER (FULL BODY)
251 CPS - 07 - SLSP - LSLL - 07 001 LEVEL SWITCH LOW-LOW - - - PUMPS OFF NORMAL 07I601 - 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
252 CPS - 07 - SLSP - LSL - 07 001 LEVEL SWITCH LOW - - - NORMAL LEAD PUMP ON 07I601 - 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
253 CPS - 07 - SLSP - LSH - 07 001 LEVEL SWITCH HIGH - - - NORMAL LAG PUMP ON 07I601 - 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH
254 CPS - 07 - SLSP - LSHH - 07 001 LEVEL SWITCH HIGH-HIGH - - - NORMAL ALARM 07I601 - 40 91 10 Art. 2.4.D 2 PB PMCS FLOAT SWITCH

 1 Low Limit and High Limit are based on the anticipated normal condition phase 1 span for calibration purposes, not ultimate span.
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SECTION 40 91 19

VIBRATION MONITORING SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Vibration monitoring system to be installed for horizontal split-case pumps.

B. Related Specification Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract.

2. Division 01 - General Requirements.

3. Section 40 90 00 - Instrumentation for Process Control:  Basic
Requirements.

4. Section 43 21 09 - Pumping Equipment: Spit-Case Horizontal Booster
Pumps

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. Institute of Electrical and Electronics Engineers, Inc. (IEEE)

2. Underwriters Laboratories (UL)

3. National Electrical Code (NEC)

4. National Electrical Manufacturers Association (NEMA)

B. Qualifications:

1. Provide devices for a manufacturer who has been regularly engaged in the
development, design, testing, listing and manufacturing of VMSs of the
types and ratings required for a period of 10 years or more and whose
products have been in satisfactory use in similar service.

2. Upon request, suppliers or manufacturers shall provide a list of not less than
three (3) customer references showing satisfactory operation.

C. Service of Manufacturer’s Representatives

1. Vibration Monitoring Representative
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a. The vibration monitoring manufacturer shall furnish the services of a
competent factory technician, who shall have had a minimum of ten
years’ experience in the installation, adjustment, and operation of the
equipment which is being furnished under this contract. This service is for
the purpose of insuring proper installation and adjustment of the
equipment; instructing operating personnel in proper operation,
maintenance, and care of the equipment for making operation tests of
equipment and making recommendations for obtaining the most efficient
use thereof.

b. The service representative shall be at the site at any time the
Construction Contractor is assembling setting, aligning, connecting or
adjusting and testing the vibration monitoring system. He shall direct and
assist the Construction Contractor in the installation and certify in writing
to the Owner that it has been properly installed and operates satisfactory
during acceptance tests.

c. Instruct the Owner in proper startup and maintenance, and provide any
necessary training not listed.

d. The minimum time is required to be on-site for 8 hours, not including
travel time, is as follows:

Site Visit Purpose High Service Pump Station

Check Installation 2 days; 2 trips minimum

Pump Startup and Testing 4 days; 2 trips minimum

Troubleshooting 8 days; 4 trips minimum

Personnel Training 2 day; 2 trip minimum

e. If additional time is required, the factory representative must be available
regardless of the number of trips and time required for each activity.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. Product technical data:

a. Manufacturer’s experience.

b. Complete bill of material for vibration monitoring system. Provide
cutsheets on all equipment and clearly identify on cutsheets the make
and model number of the equipment being provided. Providing a generic
cutsheet with nothing identified is not acceptable.

c. Interior layout of vibration monitoring cabinet showing physical location of
all major devices
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d. Front view of vibration monitoring rack showing mounting heights of
devices

e. Project specific interconnection/wiring diagrams for vibration monitoring
cabinet and connection to field devices

f. Provide VMS system block diagrams including, but not limited to,
communication diagrams with all functions associated with the SCADA
system and field devices.

g. Terminal strip layouts showing customer field connections

h. Overall project specific block diagram showing how the total vibration
system will connect together

i. Factory test results

j. Instruction manual

3. All documentation listed above shall be supplied with the initial submittal of
the motor with the exception of the factory test results, instruction manual,
and O&M manual which shall be furnished later in the project. Incomplete
submittals will be returned “NOT APPROVED - REVISE AND RESUBMIT”.

B. Operation and Maintenance Manual:

1. See Specification Section 01 33 00 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

1.5 WARRANTY

A. The manufacturer shall provide a minimum of a five (5) year Limited Warranty
from date of shipment against failure when installed in compliance with
applicable national/local electrical codes and the manufacturer’s installation,
operation and maintenance instructions.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the manufacturer’s model
numbers listed in the individual product paragraphs below are acceptable.

B. Submit request for substitution in accordance with General Conditions.

2.2 VIBRATION MONITORING SYSTEM

A. The Equipment Manufacturer shall furnish and install the Vibration Monitoring
System (VMS) as described herein. The Manufacturer will be responsible to
supply the transducers as described.
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B. Furnish and install all software, hardware, interconnect cabling, etc. as required
for a complete and operational vibration monitoring system (VMS). The system
shall be furnished complete with all required cabinets, probes, cabling,
transducers, software licenses, etc. The VMS system shall communicate with
the plant SCADA system using standard protocol via Modbus (TCP/IP) or
(RTU).  Provide software, firmware and all related appurtenances for a
complete and operational system for comprehensive device connectivity,
machinery monitoring and protection, condition monitoring, diagnostic waveform
analytics, alarming, notification, high speed historian and process data input
and replication.

C. The VMS shall be sized for the total quantities of equipment and measurement
points stated in section 2.2.E.

D. The VMS shall be Bentley Nevada or CSI. The vibration on-line monitoring
system shall include, but not limited to, the following:

1. Enclosure

a.  Full height NEMA 12 cabinet (approximate dimensions 83”H x 31.5”W x
31.5”D) with pump terminal box.

2. Redundant power supplies

3. Bentley Nevada 3500, Orbit 60 or CSI 6500 monitoring systems with
appropriate monitoring cards and configuration software

a. High Service Pumps

1) Provide monitoring system for each of the pumps.

4. Transient Data Interface (TDI) module

5. Redundant relay modules

6. Phase/Tachometer module

7. X-Y vibration channel monitors with buffered output capability.

8. Communication Gateway Ethernet, RS485, and Modbus (TCP/IP) for
SCADA interface.

9. 19” Equipment racks as required for mounting hardware

10. Provide communication gateway for each VMS to input process data via
Modbus (RTU) or Modbus (TCP/IP) for SCADA interface

E. Vibration Points

1. High Service Pumps

a. Motor: 4 motors total with four (4) radial (X-Y plane) points (16 total).

b. Pump:  4 pumps total with four (4) radial (X-Y plane) points and two (2)
axial (Z axis) points per pump (24 total).
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2. Vibration Points on Motors:

a. Transducers: Provide two vibration transducers on the horizontal-vertical
axes at each bearing (drive end and non-drive end) on the motor (total of
4 per motor). Transducers shall be Bentley Nevada 190501 velomitor
transducers or CSI A0520VO accelerometer with mount pad model A212
or displacement transducers as appropriate.  Provide one Bentley
Nevada tachometer (proximity type) model 330130 or CSI phase/
tachometer model PR6423/000-041 with signal converter driver model
CON01 mounted to the end of each motor. Transducers/accelerometers
and tachometers shall be provided complete with all mounting hardware,
interconnecting cables and cable connectors for a complete and
operational system. The transducers/accelerometers shall be mounted on
the drive end and non-drive end of the motor. The
transducers/accelerometers and tachometer shall be mounted in
accordance with the motor and vibration sensor manufacturer’s
recommendations. Transducers/accelerometers and tachometers shall be
wired terminal blocks in common junction box located on the motor for
connection to a remotely mounted vibration monitoring cabinet. Junction
box shall be steel with a NEMA 4 rating. Junction box shall be bottom or
side entry and shall have provisions for terminating a 1.5” conduit
between transducer junction box and VSM is a mandatory confirmation
requirement for installation of field cables routed back to a remotely
mounted vibration monitoring cabinet. Provide interconnection diagram
for vibration transducers, tachometer connected to junction box and show
terminal connections for field cable.

3. Vibration Points on Pumps

a. Transducers: Provide two vibration transducers on the horizontal-vertical
axes at each bearing (drive end, inboard and non-drive end) on the pump
(total of 4 per pump). Transducers shall be Bentley Nevada 190501
velomitor transducers or CSI A0520VO accelerometer with mount pad
model A212 or displacement transducers as appropriate. Provide one
Bentley Nevada tachometer (proximity type) model 330130 or CSI
phase/tachometer model PR6423/000-041 with signal converter driver
model CON01 mounted to the outboard end of the shaft, axially, for each
pump. Transducers/accelerometers and tachometers shall be provided
complete with all mounting hardware, interconnecting cables and cable
connectors for a complete and operational system. The
transducers/accelerometers shall be mounted on the drive end and non-
drive end of the pump. The transducers/accelerometers and tachometer
shall be mounted in accordance with the pump and vibration sensor
manufacturer’s recommendations. Transducers/accelerometers and
tachometers shall be wired terminal blocks in common junction box
located on the pump for connection to a remotely mounted vibration
monitoring cabinet. Junction box shall be steel with a NEMA 4 rating.
Junction box shall be bottom or side entry and shall have provisions for
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terminating a 1.5” conduit for installation of field cables routed back to a
remotely mounted vibration monitoring cabinet. Provide interconnection
diagram for vibration transducers, and tachometers connected to junction
box and show terminal connections for field cable.

F. Vibration Monitoring Cabinet

1. The Vibration Monitoring System (VMS) supplier shall provide the following
mounting of the equipment associated with the vibration monitoring system.

a. Provide each pump with terminal box enclosure or control cabinet. The
rack shall be provided for mounting network equipment provided as rack
mounted, including VGA touch screen display  on front of cabinet, power
supplies, relay cards, Ethernet cards, etc. Enclosure shall be suitable for
both top and bottom entry of field cable/conduit.

2. The cabinet shall be provided with a separate set of terminal blocks for
120VAC power for future connections and a separate 120VAC circuit
breaker. One 120VAC power source will be provided to the cabinet and
vibration system supplier is responsible for providing all other power
supplies internal to the cabinet for a fully operational system. All relay
outputs, 4-20mA signal, and other terminals required for field connections
shall be wired to terminal blocks for customer’s use. Terminal blocks shall
be 600V, NEMA rated. Cabinet shall be provided with wire management
system for routing of cabling and switched fluorescent light. Cabinet shall be
manufactured by Rittal or approved equal.

3. The relay cards shall be configured such that a vibration trip function off of
any of the transducers/ tachometer/phase input on a pump/motor causes a
common alarm contact closure common alert and alarm contact closure
wired as input to the SCADA system.

4. The relay cards shall be configured such that a vibration trip function off of
any of the transducers/tachometer/phase input on a pump/motor causes a
common trip contact closure. The trip signal will be hardwired to the
associated AFD.

5. Each vibration monitoring device on the motor will be trended by the system
software and historian and the vibration data shall be transmitted via
Ethernet/IP to the pump station VMS Client.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Conduct acceptance and performance testing as specified in relevant
equipment sections.

END OF SECTION
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SECTION 40 97 00

CONTROL AUXILIARIES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Signal modules:

a. Loop isolator.

2. Pilot devices:

a. Selector switches

b. Pushbuttons.

c. Indicating lights.

d. Combination selector switch/indicator light.

e. Potentiometer

3. Relays/timers:

a. Program timers.

b. Control relay.

c. Time delay relays.

4. Termination equipment:

a. Terminal blocks.

b. Fuse holders.

5. Power supplies:

a. DC power supplies.

B. Related Specification Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract.

2. Division 01 - General Requirements.

3. Section 26 43 13 - Low Voltage Surge Protective Devices (SPD).

4. Section 40 90 00 - Instrumentation for Process Control:  Basic
Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.
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B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. The Instrumentation, Systems, and Automation Society (ISA):

2. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

b. ICS 2, Industrial Control and Systems:  Controllers, Contactors, and
Overload Relays Rated 600 Volts.

3. Underwriters Laboratories, Inc. (UL).

B. Supplementary requirements:

1. Assure units comply with electrical area classifications and NEMA
enclosure type shown on Drawings.

1.4 SUBMITTALS

A. Shop Drawings:

1. See Specification Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. See Specification Section 40 90 00.

B. Operation and Maintenance Manuals:

1. See Specification Section 01 33 00 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the manufacturers listed in
the applicable Articles below are acceptable.

B. Provide similar components from the same manufacturer for uniformity of
appearance, operations, and maintenance.

C. Submit request for substitution in accordance with Specification Section 01 25
13.

2.2 SIGNAL MODULE

A. Loop Isolators:

1. Acceptable manufacturers:
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a. AGM Electronics.

b. Moore Industries.

c. Wilkerson Instrument Co.

d. Phoenix Contact

2. Design and fabrication:

a. Solid state electronics.

b. Transmit analog output signal directly proportional to measured input
signal.

c. Power source:  24 Vdc or loop powered.

d. Analog input:  4-20 mA DC or 1-5 Vdc.

e. Output signal:   4-20 mA DC into 1400 ohms.

f. Impedance:

1) Voltage input:  10 Meg.

2) Current input:  50 ohms.

3) Voltage output:  1 ohm.

4) Current output:  1650 ohms.

g. Accuracy:  Better than ± 0.10 percent of span.

h. Isolation:  Up to 500 V rms (input, output and case).

i. Temperature effect:  ±0.0025 percent of span per DegF.

j. Ambient temperature range:  0-140 DegF.

k. Factory calibrated.

l. DIN rail mounted.

2.3 PILOT DEVICES

A. Selector Switches and Hand Switches

1. Acceptable manufacturers:

a. Eaton

b. Allen-Bradley.

2. Design and fabrication:

a. Heavy-duty type.

b. NEMA Rated:

1) Standard: NEMA 4.

2) Corrosive: NEMA 4X.

c. Rotary cam units conforming to NEMA ICS 2-216.22.

d. Mounting hole:  30.5 mm.

e. Supply switches having number of positions required with contact
blocks to fulfill functions shown and specified.

f. UL listed.
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g. Maintained contact type.

h. Knob type operators.

i. Colored operators as specified.

j. Designed with cam and contact block with approximate area of 2 IN
SQ.

k. Legend plate marked per Contract Documents.

l. Contact block requirements:

1) Dry and indoor locations:  Standard contact blocks rated for 10 A
continuous current.

2) Wet or outside locations:  Hermetically sealed contact blocks.

B. Pushbuttons:

1. Acceptable manufacturers:

a. Eaton.

b. Allen-Bradley.

2. Materials:

a. Backing diaphragm:  Buna-N.

3. Design and fabrication:

a. Heavy-duty type.

b. NEMA Rated:

1) Standard: NEMA 4.

2) Corrosive:  NEMA 4X.

c. Conforming to NEMA ICS 2-216.22.

d. Mounting hole:  30.5 mm.

e. Diaphragm backed.

f. UL listed.

g. Emergency stop pushbuttons to have mushroom head operator and
maintained contact.

h. Non-illuminated type:

1) Momentary contact with necessary contact blocks.

2) Molded, solid color melamine buttons.

3) Standard flush operators with full shroud.

4) Black colored buttons for START or ON and black color for STOP
or OFF.

5) Appropriate contact blocks to fulfill functions shown or specified.

i. Contact block requirements:

1) Dry and indoor locations:  Standard contact blocks rated for 10 A
continuous current.

2) Wet or outside locations:  Hermetically sealed contact blocks.
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3) Legend plate marked per Contract Documents.

C. Indicating Lights:

1. Acceptable manufacturers:

a. Eaton.

b. Allen-Bradley.

2. Design and fabrication:

a. Heavy duty.

b. NEMA Rated:

1) Standard: NEMA 4.

2) Corrosive: NEMA 4X.

c. Type allowing replacement of bulb without removal from control panel.

d. LED.

e. UL listed.

f. 24 V lamp rated for 100,000 hours of operation.

g. Legends marked per Contract Documents.

h. Nominal 2 IN SQ face.

i. Mounting hole:  30.5 mm.

j. Push-to-test indicating lights.

k. Glass lens.

l. Color code lights as follows:

1) Green: OFF or stopped valve closed.

2) Amber:  Standby; auto mode; ready.

3) Red:  ON or running valve open

m. Legend plate engraved for each light.

D. Potentiometer:

1. Acceptable manufacturers:

a. Eaton.

b. Allen-Bradley.

2. Design and fabrication:

a. Heavy-duty, NEMA type.

b. Mounting hole:  30.5 mm.

c. UL listed.

d. Linear adjustment through 0-1000 ohms with 1 percent resolution.

e. 3-wire interface.

f. Dial plate with 0-100 percent scale.

g. Panel mounted.

h. One-turn adjustment knob.
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2.4 RELAYS/TIMERS

A. Program Timers:

1. Acceptable manufacturers:

a. Tork.

b. Paragon Electric Company, Inc.

2. Design and fabrication:

a. Microprocessor based.

b. Serve as time program actuator control of final control elements.

c. 24 HR time control.

d. Up to 96 operations per day.

e. Programmable from panel face keys.

f. Skip-A-Day feature allowing schedule to be skipped for an entire day or
days.

g. SPDT switch contact rated at 15 amps at 120 Vac.

h. Battery carryover to maintain time and program during power outage for
275 HRS.

B. Control Relays:

1. Acceptable manufacturers:

a. Idec.

b. Allen-Bradley.

2. Design and fabrication:

a. Plug-in general purpose relay.

b. Pen connector type.

c. 3-Pole.

d. Switching capacity:  10 A.

e. Contact material:  Silver cadmium oxide.

f. Provide relays with a minimum of 3 SPDT contacts.

g. Coil voltage:  120 Vac or 24 Vdc.

h. Relay sockets are DIN rail mounted.

i. Internal neon or LED indicator is lit when coil is energized.

j. Clear polycarbonate dust cover with clip fastener.

k. Check button.

l. Temperature rise:

1) Coil:  85 DegF max.

2) Contact:  65 DegF max.

m. Insulation resistance:  100 Meg min.

n. Frequency response:  1800 operations/hour.
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o. Operating temperature:  -20 to +150 DegF.

p. Life expectancy:

1) Electrical:  500,000 operations or more.

2) Mechanical:  50,000,000 operations or more.

q. UL listed or recognized.

C. Time Delay Relays:

1. Acceptable manufacturers:

a. Eagle Signal Controls.

b. Idec.

2. Design and fabrication:

a. Melt design test and performance requirements of NEMA ICS 2-218.

b. Heavy-duty.

c. Solid-state construction.

d. External adjusting dial.

e. Auxiliary relays as required to perform functions specified .

f. Operates on 117 Vac (±10 percent) power source.

g. Contact rating:  A150 per NEMA ICS 2-125.

h. Furnish with "on" and "timing out" indicators.

2.5 TERMINATION EQUIPMENT

A. Terminal Blocks:

1. Acceptable manufacturers:

a. Phoenix Contact.

b. Allen-Bradley.

2. Design and fabrication:

a. Modular type with screw compression clamp.

b. Screws:  Stainless steel.

c. Current bar:  Nickel-plated copper allow.

d. Thermoplastic insulation rated for -40 to +90 DegC.

e. Wire insertion area:  Funnel-shaped to guide all conductor strands into
terminal.

f. Install end sections and end stops at each end of terminal strip.

g. Install machine-printed terminal markers on both sides of block.

h. Spacing:  6 mm.

i. Wire size:  22-12 AWG.

j. Rated voltage:  600 V.

k. Din rail mounting.

l. UL listed.
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3. Standard-type block:

a. Rated current:  30 A.

b. Color:  Gray body.

4. Bladed-type block:

a. Terminal block with knife blade disconnect which connects or isolated
the two (2) sides of the block.

b. Rated current:  10 A.

c. Color:

1) Panel control voltage leaves enclosure - normal:  Gray body,
orange switch.

2) Foreign voltage entering enclosure:  Orange body, orange switch.

5. Grounded-type block:

a. Electrically grounded to mounting rail.

b. Use to terminal ground wires and analog cable shields.

c. Color:  Green and yellow body.

B. Fuse Holders:

1. Acceptable manufacturers:

a. Phoenix Contact.

b. Allen-Bradley.

2. Design and fabrication:

a. Modular-type with screw compression clamp.

b. Screws:  Stainless steel.

c. Current bar:  Nickel-plated copper alloy.

d. Thermoplastic insulation rated for -40 to +105 DegC.

e. Wire insertion area:  Funnel-shaped to guide all conductor strands into
terminal.

f. Blocks can be ganged for multi-pole operation.

g. Install end sections and end stops at each end of terminal strip.

h. Install machine-printed terminal markers on both sides of block.

i. Spacing:  9.1 mm.

j. Wire size:  30-12 AWG.

k. Rated voltage:  300 V.

l. Rated current:  12 A.

m. Fuse size:  1/4 x 1-1/4.

n. Blown fuse indication.

o. DIN rail mounting.

p. UL listed.
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2.6 POWER SUPPLIES

A. DC Power Supplies:

1. Acceptable manufacturers:

a. Sola Hevi-Duty.

b. Phoenix Contact.

c. Rockwell Automation.

2. Design and fabrication:

a. Converts 120 Vac input to DC power at required voltage.

b. DIN rail mount with enclosure (i.e., not open frame).

c. Switching type.

d. AC input:  120 Vac +/-15 percent, nominal 60 Hz.

e. Efficiency:  Minimum 86 percent.

f. Rated mean time between failure (MTBF):  500,000 HRS.

g. Voltage regulation:

1) Static:  Less than 1.0 percent Vout.

2) Dynamic:  +/-2 percent Vout overall.

h. Output ripple/noise:  Less than 100 mV peak to peak (20 MHz).

i. Overload, short circuit and open circuit protection.

j. Temperature rating:  0 to 60 DegC full rated, derated linearly to 50
percent at 70 DegC.

k. Humidity rating:  Up to 90 percent, non-condensing.

l. LED status indication for DC power.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

END OF SECTION



WHCRWA
CONTROL AUXILIARIES CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
CONTROL AUXILIARIES

40 97 00 - 10 OF 10

THIS PAGE INTENTIONALLY LEFT BLANK



WHCRWA
CENTRAL PUMP STATION CONTROL PANELS AND ENCLOSURES

WHCRWA
CONTROL PANELS AND ENCLOSURES

40 98 00 - 1 OF 20

SECTION 40 98 00

CONTROL PANELS AND ENCLOSURES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Requirements for control panels and enclosures:

B. Related Sections include but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of

the Contract.

2. Division 01 - General Requirements

3. Section 10 14 00 - Identification Devices

4. Division 11 - Equipment

5. Division 26 - Electrical

6. Section 27 13 23 FL - Communications Optical Fiber Backbone Cabling

AGP

7. Section 40 90 00 - Instrumentation for Process Control:  Basic

Requirements

8. Section 40 90 01 - Process Monitoring Control System (PMCS)

Hardware and Software

9. Section 40 91 10 - Primary Elements and Transmitters

10. Section 40 97 00 - Control Auxiliaries

11. Section 40 99 00 - Surge Protection Devices (SPD) for Instrumentation

and Control Equipment

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost

in associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,

payment for Work in this Section is included in total Stipulated Price.
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1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. American National Standards Institute (ANSI).

2. ASTM International (ASTM):

a. B75, Standard Specification for Seamless Copper Tube.

3. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

b. ICS 4, Industrial Control and Systems:  Terminal Blocks.

4. National Fire Protection Association (NFPA):

a. 70, National Electrical Code (NEC).

5. Underwriters Laboratories, Inc. (UL):

a. 508A, Standard for Safety Industrial Control Panels.

B. Miscellaneous:

1. Approved supplier of Industrial Control Panels under provisions of UL

508A.

a. Entire assembly shall be affixed with a UL 508A label "Listed

Enclosed Industrial Control Panel" prior to shipment to the jobsite.

b. Control panel(s) without an affixed UL 508A label shall be rejected

and sent back to the Contractor’s factory.

1.4 DEFINITIONS

A. The term "panel" refers to control panels or enclosures listed in the schedule

included in this Section and as shown, listed, or noted on the Contract

Documents.

B. Foreign Voltages:  Voltages that may be present in circuits when the panel

main power is disconnected.

C. Intrinsically Safe:

1. A device, instrument or component that will not produce sparks or

thermal effects under normal or abnormal conditions that will ignite a

specified gas mixture.
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2. Designed such that electrical and thermal energy limits inherently are at

levels incapable of causing ignition.

D. Cable:  Multi-conductor, insulated, with outer sheath containing either building

wire or instrumentation wire.

E. Instrumentation Cable:

1. Multiple conductor, insulated, twisted or untwisted, with outer sheath.

2. Instrumentation cable is typically either TSP (twisted-shielded pair) or

TST (twisted-shielded triad) and is used for the transmission of low

current or low voltage signals.

F. Ground Fault Circuit Interrupter (GFCI):  A type of device (e.g., circuit breaker

or receptacle) which detects an abnormal current flow to ground and opens

the circuit preventing a hazardous situation.

G. Process Monitoring Control System (PMCS):  A specialized industrial

computer using programmed, custom instructions to provide automated

monitoring and control functions by interfacing software control strategies to

input/output devices.

H. Remote Terminal Unit (RTU):  An industrial data collection device designed

for location at a remote site, that communicates data to a host system by

using telemetry such as radio, dial-up telephone, leased lines, or fiber optic

cable.

I. Input/Output (I/O):  Hardware for the moving of control signals into and/or out

of a PMCS or RTU.

J. Supervisory Control and Data Acquisition (SCADA):  Used in process control

applications, where Process Monitoring Control Systens (PMCSs) perform

control functions but are monitored and supervised by computer workstations.

K. Highway Addressable Remote Transducer (HART):  An open, master-slave

protocol for bus addressable field instruments.

L. Digital Signal Cable:  Used for the transmission of digital communication

signals between computers, PMCSs, RTUs, etc.

M. Uninterruptible Power Supply (UPS):  A backup power unit that provides

continuous power when the normal power supply is interrupted.

N. Loop Calibrator:  Portable testing and measurement tool capable of

accurately generating and measuring 4-20ma DC analog signals.
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1.5 SUBMITTALS

A. Shop Drawings

1. See Section 01 33 00 for requirements for the mechanics and

administration of the submittal process.

2. See Section 40 90 00.

3. Prepared with computer aided design (CAD) software (AutoCAD latest

version).

4. Printed on 11 IN by 17 IN sheets.

5. Drawings shall include a title block containing the following:

a. Plant or facility name where panel(s) are to be installed.

b. Drawing title.

c. Drawing number.

d. Revision list with revision number and date

e. Drawing date.

f. Drawing scale.

g. Manufacturer name, address, and telephone number.

6. Cover sheet for each drawing set shall indicate the following:

a. Plant or facility name.

b. Project name.

c. Submittal description.

d. Revision number.

e. Issue date.

7. Table of contents sheet(s) shall indicate the following for each drawing in

the set:

a. Drawing number.

b. Drawing title.

c. Sheet number.

8. Legend and abbreviation sheet shall indicate the following:

a. Description of symbols and abbreviations used.

b. Panel construction notes including enclosure NEMA rating, finish

type and color, wire type, wire color strategy, conductor sizes, and

wire labeling strategy.

c. Confirmation that the panel(s) are to be affixed with a UL 508A

label prior to shipment from the factory.
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9. Bill of Material for each panel shall include the following component

information:

a. Instrument tag number.

b. Quantity.

c. Functional name or description.

d. Manufacturer.

e. Complete model number.

f. Size or rating.

10. Panel exterior layout drawings to scale and shall indicate the following:

a. Panel materials of construction, dimensions, and total assembled

weight.

b. Panel access openings.

c. Conduit access locations.

d. Front panel device layout.

e. Nameplate schedule:

1) Nameplate location.

2) Legend which indicates text, letter height and color, and

background color.

f. Layouts of graphic panels or mosaic displays.

11. Panel interior layout drawings shall be drawn to scale and shall indicate

the following:

a. Sub-panel or mounting pan dimensions.

b. Interior device layouts.

c. PMCS (Process Monitoring Control System) RTU general

arrangement layouts.

d. Wire-way locations, purpose, and dimensions.

e. Terminal strip designations.

f. Location of external wiring and/or piping connections.

g. Location of lighting fixtures, switches and receptacles.

12. Wiring diagrams shall consist of the following:

a. Panel power distribution diagrams.

b. Control and instrumentation wiring diagrams.
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c. I/O information:

1) Model number of I/O module.

2) Description of I/O module type and function.

3) Rack and slot number.

4) Terminal number on module.

5) Point or channel number.

6) Programmed point addresses.

7) Signal function and type.

d. Wiring diagrams shall identify each wire as it is to be labeled.

13. Shop Drawing electronic files:

a. Electronic files for each Shop Drawing.

b. Electronic files shall be in DWG format.

c. Compatible with the latest version AutoCAD software.

d. Furnished on DVD media.

B. Manufacturer catalog cut sheets for enclosure, finish, panel devices, control

auxiliaries, and accessories.

C. Electrical load calculations for each panel:

1. Total connected load.

2. Peak electrical demand for each panel.

D. Climate control calculations for each panel.

1. Verify that sufficient dissipation and/or generation of heat is provided to

maintain interior panel temperatures within the rated operating

temperatures of panel components.

E. Operation and Maintenance Manuals:

1. See Section 01 33 00 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

2. See Section 40 90 00.
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F. Supplementary Submittals

1. Record Drawings:

a. Updated panel drawings delivered with the panel(s) from the

Contractor’s factory.

b. Drawings shall be enclosed in transparent plastic and firmly

secured within each panel.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the following

manufacturers are acceptable:

1. Enclosures:

a. Nema Enclosures.

b. Hoffman Engineering Co.

c. Rittal.

d. Hammond Manufacturing.

e. Milbank Mfg. Co.

2. Panel heaters:

a. Hoffman Enclosures, Inc.

b. Rittal.

c. Hammond Manufacturing.

3. Heat exchangers and air conditioners:

a. Hoffman Enclosures, Inc.

b. Rittal.

c. Hammond Manufacturing.

4. Cooling fans and exhaust packages:

a. Hoffman Enclosures, Inc.

b. Rittal.
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5. Internal corrosion inhibitors:

a. Hoffman Enclosures, Inc.; Model A-HCI.

b. Northern Technologies International Corporation (NTIC); Model

Zerust VC.

c. Cortec Corporation; Model VpCl Emitting Systems.

B. Submit request for substitution in accordance with Section 01 25 13.

2.2 ACCESSORIES

A. Panel Nameplates and Identification:

1. See Section 10 14 00.

2.3 FABRICATION

A. General:

1. Fabricate panels with instrument arrangements and dimensions

identified in the Contract Documents.

2. Provide panel(s) with the required enclosure rating per NEMA 250 to

meet classifications identified in the Contract Documents.

3. Devices installed in panel openings shall have a NEMA enclosure rating

at least equal to the panel enclosure rating.

a. Devices that cannot be obtained with an adequate NEMA rating

shall be installed behind a transparent viewing window.

b. The window shall maintain the required NEMA rating of the

enclosure.

4. Panel(s) shall be completely assembled at the Contractor’s factory.

a. No fabrication other than correction of minor defects or minor transit

damage shall be performed on panels at the jobsite.

5. Painting:

a. Panels fabricated from steel shall have their internal and external

surfaces prepared, cleaned, primed, and painted.

1) Mechanically abrade all surfaces to remove rust, scale, and

surface imperfections.
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2) Provide final surface treatment with 120 grit abrasives or finer,

followed by spot putty to fill all voids.

3) Utilize solvent or chemical methods to clean panel surfaces.

4) Apply surface conversion of zinc phosphate prior to painting to

improve paint adhesion and to increase corrosion resistance.

5) Electrostatically apply polyester urethane powder coating to all

inside and outside surfaces.

6) Bake powder coating at high temperatures to bond coating to

enclosure surface.

a) Panel interior shall be white with semi-gloss finish.

b) Panel exterior shall be ANSI #61 gray with flat finish.

7) Application of alkyd liquid enamel coating shall be allowed in

lieu of polyester urethane powder for wall mounted NEMA 1 or

NEMA 12 rated panels.

b. Panels fabricated from stainless steel, aluminum, or fiberglass shall

not be painted.

6. Finish opening edges of panel cutouts to smooth and true surface

conditions.

a. Panels fabricated from steel shall have the opening edges finished

with the panel exterior paint.

7. Panel shall meet all requirements of UL 508A.

a. If more than one (1) disconnect switch is required to disconnect all

power within a panel or enclosure, provide a cautionary marking

with the word "CAUTION" and the following or equivalent, "Risk of

Electric Shock-More than one (1) disconnect switch required to de-

energize the equipment before servicing."

8. Provide control panel in accordance with NEC Article 409 - Industrial

Control Panels.

a. In the event of any conflict between NEC Article 409 and UL 508A,

the more stringent requirement shall apply.

9. No components shall be mounted on the interior sides of panels.

10. No panel top penetrations shall be allowed.

a. Conduit shall normally enter through the bottom of the panel.
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b. If it is not feasible for conduit to enter through the bottom of the

panel, an additional wiring box shall be attached to the bottom side

of the panel with all conduits and wiring entering through this wiring

box.

11. All PMCS/RTU panels shall have a minimum of 20% spare I/O of each

type.

12. All PMCS/RTU panels shall have sufficient room for a minimum of 25%

additional I/O, analog isolators, and relays.

13. All PMCS/RTU analog signals (4-20 mA) shall use optical isolators.

14. All PMCS/RTU discrete signals shall use isolating relays.

B. Free-Standing Panels:

1. Welded construction.

2. Completely enclosed, self-supporting, and gasketed dusttight.

3. Rolled lip around all sides of enclosure door opening.

4. Seams and corners welded and ground smooth to touch and smooth in

visual appearance.

5. Full height, fully gasketed flush pan doors.

6. Full length piano hinges rated for 1.5 times door plus instrument weight.

7. Doors with keyed alike locking handles and three-point catch.

8. Appropriate conduit, wiring, and instrument openings shall be provided.

9. Lifting eyebolts to allow simple, safe rigging and lifting of panel during

installation.

C. Wall Mounted Panels:

1. Seams continuously welded and ground smooth.

2. Rolled lip around all sides of enclosure door opening.

3. Gasketed dust tight.

4. Three-point latching mechanism pad-lockable.

5. Continuous heavy GA hinge pin on doors.

a. Hinges rated for 1.5 times door plus instrument weight.

6. Front full opening door.

7. Brackets for wall mounting.
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D. Internal Panel Wiring:

1. Panel wire duct shall be installed between each row of components, and

adjacent to each terminal strip.

a. Route wiring within the panel in wire-duct neatly tied and bundled

with tie wraps.

b. Follow wire-duct manufacturer's recommended fill limits.

c. Wire-duct shall have removable snap-on covers and perforated

walls for easy wire entrance.

d. Wire-duct shall be constructed of nonmetallic materials with rating

in excess of the maximum voltage carried therein.

2. Wiring shall be installed such that if wires are removed from one (1)

device, source of power will not be disrupted to other devices.

3. Splicing and tapping of wires permitted only at terminal blocks.

4. Wire bunches to doors shall be secured at each end so that bending or

twisting will be around longitudinal axis of wire.

a. Protect bend area with sleeve.

5. Arrange wiring neatly, cut to proper length, with surplus wire removed.

a. Arrange wiring with sufficient clearance.

b. Provide abrasion protection for wire bundles that pass through

openings or across edges of sheet metal.

6. AC circuits shall be routed separate from analog signal cables and digital

signal cables.

a. Separate by at least 6 IN, except at unavoidable crossover points

and at device terminations.

7. Provide at least 6 IN of separation between intrinsically safe devices and

circuits and non-intrinsically safe devices and circuits.

8. Wiring to pilot devices or rotary switches shall be individually bundled

and installed with a "flexible loop" of sufficient length to permit the

component to be removed from panel for maintenance without removing

terminations.

9. Conductors for AC and DC circuits shall be type MTW stranded copper

listed for operation with 600 V at 90 DegC.

a. Conductor size shall be as required for load and 16 AWG minimum.
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b. Internal panel wiring color code:

1) AC circuits:

a) Power wiring:  Black.

b) Control interconnections:  Yellow.

c) Neutral:  White.

d) Ground:  Green.

2) Low voltage DC circuits:

a) Power wiring:  Blue.

b) Control interconnections:  Violet.

3) Foreign voltage circuits:  Pink.

4) Annunciator circuits:  Red.

5) Intrinsically safe circuits:  Orange.

10. Analog signal cables shall be of 600 V insulation, stranded copper,

twisted-shielded pairs.

a. Conductor size:  18 AWG minimum.

b. Terminate shield drain conductors to ground only at one (1) end of

the cable.

11. High precision 250 ohm resistors with 0.25 percent accuracy shall be

used where 4-20 mA DC analog signals are converted to 1-5 Vdc

signals.

a. Resistors located at terminal strips.

b. Resistors terminated using individual terminal blocks and with no

other conductors.

c. Resistor leads shall be un-insulated and of sufficient length to allow

test or calibration equipment (e.g., HART communicator, loop

calibrator) to be properly attached to the circuit with clamped test

leads.

12. Analog signals for devices in separate enclosures shall not be wired in

series.

a. Loop isolators shall be used where analog signals are transmitted

between control enclosures.

13. Wire and cable identification:

a. Wire and cables numbered and tagged at each termination.

b. Wire tags:
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1) Slip-on, PVC wire sleeves with legible, machine-printed

markings.

2) Adhesive, snap-on, or adhesive type labels are not

acceptable.

c. Markings as identified in the Shop Drawings.

E. Grounding Requirements:

1. Equipment grounding conductors shall be separated from incoming

power conductors at the point of entry.

2. Minimize grounding conductor length within the enclosure by locating the

ground reference point as close as practical to the incoming power point

of entry.

3. Bond electrical racks, chassis and machine elements to a central ground

bus.

a. Nonconductive materials, such as paint, shall be removed from the

area where the equipment contacts the enclosure.

4. Bond the enclosure to the ground bus.

a. It is imperative that good electrical connections are made at the

point of contact between the ground bus and enclosure.

5. Panel-mounted devices shall be bonded to the panel enclosure or the

panel grounding system by means of locknuts or pressure mounting

methods.

6. Sub-panels and doors shall be bonded to ground.

F. Termination Requirements:

1. Wiring to circuits external to the panel connected to interposing terminal

blocks.

2. Terminal blocks rigidly mounted on DIN rail mounting channels.

3. Terminal strips located to provide adequate space for entrance and

termination of the field conductors.

4. One (1) side of each strip of terminal blocks reserved exclusively for the

termination of field conductors.

5. Terminal block markings:

a. Marking shall be the same as associated wire marking.

b. Legible, machine-printed markings.
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c. Markings as identified in the shop drawings.

6. Terminal block mechanical characteristics, and electrical characteristics

shall be in accordance with NEMA ICS 4.

7. Terminal blocks with continuous marking strips.

a. Each terminal block shall be identified with machine printed labels.

8. Terminals shall facilitate wire sizes as follows:

a. 120 Vac applications:  Conductor size 12 AWG minimum.

b. Other:  Conductor size 14 AWG minimum.

9. Analog signal cable shield drain conductors shall be individually

terminated.

10. Install minimum of 20 percent spare terminals and provide room for an

additional 25% spare terminals.

11. Bladed, knife switch, isolating type terminal blocks where control

voltages enter or leave the panel.

12. Fused terminal blocks shall be used in the following circuits:

a. Control voltage is used to energize a solenoid valve.

b. DC power is connected to 2-wire, loop-powered instruments.

13. When control circuits require more than one (1) field conductor

connected to a single wiring point, a sufficient number of terminal points

shall be connected internally to allow termination of only one (1) field

conductor per terminal block.

14. DIN rail mounting channels shall be installed along full length of the

terminal strip areas to facilitate future expansion.

15. Connections to devices with screw type terminals shall be made using

spade-tongue, insulated, compression terminators.

G. Component Mounting and Placement:

1. Components shall be installed per manufacturer instructions.

2. Control relays and other control auxiliaries shall be mounted on DIN rail

mounting channels where practical.

3. Front panel devices shall be mounted within a range of 40 to 70 IN

above the finished floor, unless otherwise shown in the Contract

Documents.

4. PMCS/RTU and I/O rack installation:



WHCRWA
CENTRAL PUMP STATION CONTROL PANELS AND ENCLOSURES

WHCRWA
CONTROL PANELS AND ENCLOSURES

40 98 00 - 15 OF 20

a. Located such that the LED indicators and switches are readily

visible with the panel door open.

b. Located such that repair and/or replacement of component can be

accomplished without the need to remove wire terminations or

other installed components.

5. Locate power supplies with sufficient spacing for circulation of air.

6. Where components such as magnetic starters, contactors, relays, and

other electromagnetic devices are installed within the same enclosure as

the PMCS/RTU system components, provide a barrier of at least 6 IN of

separation between the “power area containing the electromagnetic

devices” and the “control area”.

7. Components mounted in the panel interior shall be fastened to an

interior sub-panel using stainless steel machine screws.

a. Fastening devices shall not project through the outer surface of the

panel enclosure.

8. Excess mounting space of at least 25 percent for component types listed

below to facilitate future expansion:

a. Fuse holders.

b. Circuit breakers.

c. Control relays.

d. Time delay relays.

e. Intrinsically safe barriers and relays.

9. Components installed on sub-panels shall be provides with a minimum

spacing between component and wire duct of 1 IN.

a. Minimum of 2 IN separation between terminal strips and wire ducts.

H. Power Distribution:

1. Main incoming power circuits shall be protected with a thermal magnetic

circuit breaker.

a. Limit load to maximum of 80 percent of circuit breaker rating.

2. Component types listed below shall be individually fused so that they

may be individually de-energized for maintenance:

a. PMCS/RTU power supply modules.
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b. Single-loop controllers.

c. Recorders.

d. Alarm annunciators.

3. Each control panel with PMCS/RTU components shall be furnished with

power protection in the form of a double conversion UPS.

4. Equip each panel with necessary power supplies with ratings required

for installed equipment and with minimum 25 percent spare capacity.

5. Constant voltage transformers, balancing potentiometers, and rectifiers

as necessary for specific instrument requirements.

I. Internal Panel Lighting and Service Receptacles:

1. Panels less than or equal to 4 FT wide:

a. One (1) electrical GFCI duplex receptacle rated for 20 amps.

b. One (1) compact fluorescent light fixture with door switch(es).

c. One (1) UPS electrical duplex receptacle for UPS power.

2. Panels or panel faces greater than 4 FT wide:

a. One (1) duplex electrical GFCI receptacle rated for 20 amps per 6

FT of length.

b. Continuous fluorescent lighting strip with door switches.

c. One (1) UPS electrical duplex receptacle for UPS power.

J. Environmental Controls:

1. Indoor panels located in a designated electrical room or control room:

a. Thermostat controlled cooling fans with exhaust louvers if required

to maintain temperature inside panel(s) below the maximum

operating temperature rating of the internal components.

b. Internal corrosion inhibitors.

2. Indoor panels not located within a designated electrical room or control

room:

a. Thermostat controlled heaters to maintain temperature

approximately 10 DegF above ambient for condensation prevention

inside the panels.

b. Automatically controlled, closed-loop heat exchangers or closed-

loop air conditioners where required to maintain temperature inside
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each enclosure below the maximum operating temperature rating

of the components inside the panel(s).

c. Internal corrosion inhibitors.

3. Outdoor panels:

a. Outdoor temperature range of 0 DegF through 120 DegF.

b. Thermostat controlled heaters to maintain temperature

approximately 10 DegF above ambient for condensation prevention

inside the panels.

c. Outdoor temperature range of 0 DegF through 120 DegF.

d. Thermostat controlled closed-loop heat exchangers or closed-loop

air conditioners if required to maintain temperature inside each

enclosure below the maximum operating temperature rating of the

components inside the panel.

e. Internal corrosion inhibitors.

4. Environmental control components:

a. Panel heaters:

1) Thermostat controlled.

2) Fan driven.

3) Components mounted in an anodized aluminum housing.

4) Designed for sub-panel mounting.

5) Powered from 120 Vac and protected with a dedicated circuit

breaker.

b. Cooling fans and exhaust packages:

1) Cooling fan with louver or grill and replaceable filter.

2) Designed to be mounted within a panel cutout to provide

positive airflow through the panel.

3) Cooling fan and exhaust louvers shall be designed and listed

to maintain a NEMA 12 enclosure rating.

4) Fitted with replaceable, high-density foam or synthetic fiber.

5) Cooling fan controlled with a separately mounted thermostat

with bi-metal sensor and adjustable dial for temperature

setting.

6) Powered from 120 Vac and protected with a dedicated circuit

breaker.
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c. Heat exchangers and air conditioners:

1) Dual-loop design to isolate panel interior air from exterior air.

2) Thermostat controlled.

3) Operate from 120 Vac and protected with a dedicated circuit

breaker.

d. Internal corrosion inhibitors:

1) Contains chemical which vaporizes and condenses on

surfaces in the enclosure.

2) Inhibitor shall be applied in accordance with manufacturer

instructions for the enclosure volume.

3) Inhibitor shall be applied in the panel(s) prior to shipment from

the Contractor’s factory.

2.4 MAINTENANCE MATERIALS

A. Extra Materials:

1. Quantity of 25 percent replacement lamps for each type installed

(minimum of 12 of each type).

2. Quantity of 10% for each type of relay and timer installed, minimum one.

3. Minimum 12 replacement filters for each type installed.

4. One (1) quart of exterior finish touch-up paint.

5. One (1) complete set of replacement corrosion inhibitors in sealed

packages for each panel.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install free-standing panels on 4 IN high concrete housekeeping pads.

B. Anchor panels in a manner to prevent the enclosure from racking, which may

cause the access doors to become misaligned.

C. Obtain approved panel layouts prior to installation of conduits.

D. Install products in accordance with manufacturer’s instructions.
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3.2 FACTORY TESTING

A. Scope:  Inspect and test entire panel assembly to verify readiness for

shipment.

B. Location:  Contractor’s factory.

C. Factory Tests:

1. Tests shall be fully documented and signed by the Contractor’s factory

supervisor.

2. The panel shop shall fully test the control panel for correct wiring.

a. Each I/O point shall be checked by measuring or connecting

circuits at the field terminal blocks.

3. Burn-in test:  Panel(s) shall be fully energized for a minimum period of

48 HRS.

4. A PMCS Central Processing Unit (CPU) shall be obtained and

connected to the panel(s) if necessary for testing purposes.

5. Testing equipment (such as digital multi-meters, analog loop calibrators,

and laptop computers with programming software) shall be used as

required for testing.

6. The following functions shall be tested as a minimum:

a. Demonstrate functions of the panel(s) required by the Contract

Documents.

b. Correctness of wiring from all panel field terminals to all I/O points

and to all panel components.

c. Simulate and test each discrete signal at the field terminal strips.

d. Simulate and test each analog signal using loop calibrators.

e. Correct operation of communications between PMCS system

Central Processing Units (CPUs) and Remote I/O bases.

f. Correct operation of single-loop controllers (including digital

communication to microprocessor based devices).

g. Correct operation of all digital communication devices.

h. Demonstrate online and offline diagnostic tests and procedures.

i. The Contractor shall notify the Owner’s representative in writing a

minimum of 15 calendar days prior to the Factory Tests.

1) Owner’s representative has the option to witness all required

tests.
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7. Make following documentation available to the Owner’s representative at

test site during the tests:

a. Contract Documents.

b. Factory Demonstration Testing procedures.

c. List of equipment to be testing including make, model, and serial

number.

d. Shop Drawing submittal data for equipment being tested.

8. Deficiencies shall be corrected prior to shipment from the Contractor’s

factory.

END OF SECTION
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SECTION 40 99 00

SURGE PROTECTION DEVICES (SPD) FOR INSTRUMENTATION
AND CONTROL EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Type IC1 SPD - Dedicated 120 Vac circuit, series connection, control panel
mounted.

2. Type IC2 SPD - Individual equipment plug-in device (point of use
protection).

3. Type IC3 SPD - Discrete 120 Vac control signal, control panel mounted.

4. Type IC4 SPD - Analog instrumentation signal, field mounted.

5. Type IC5 SPD - Analog instrumentation signal, control panel mounted.

6. Type IC6 SPD - Combination 120 Vac circuit and analog signal, field
mounted.

7. Type IC7 SPD - Discrete low voltage control signal, control panel mounted.

8. Type IC8 SPD - Data line, control panel mounted.

B. Related Sections include, but are not necessarily limited to:

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the
Contract.

2. Division 01 - General Requirements.

3. Section 40 90 00 - Instrumentation for Process Control:  Basic
Requirements.

1.2 MEASUREMENT AND PAYMENT

A. Unit Price.  No separate payment will be made for this item.  Include the cost in
associated items for this project.

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract,
payment for Work in this Section is included in total Stipulated Price.

1.3 QUALITY ASSURANCE

A. Referenced Standards:

1. Institute of Electrical and Electronics Engineers, Inc. (IEEE):

a. C62.41, Recommended Practice for Surge Voltages in Low-Voltage AC
Power Circuits.
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b. C62.45, Guide on Surge Testing for Equipment Connected to Low-
Voltage AC Power Circuits.

2. National Electrical Manufacturers Association (NEMA):

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

b. LS 1, Low Voltage Surge Protection Devices.

3. Underwriters Laboratories, Inc. (UL):

a. 497B, Standard for Safety Protectors for Data Communications and
Fire-Alarm Circuits.

b. 1283, Standard for Safety Electromagnetic Interference Filters.

c. 1363, Standard for Safety Relocatable Power Taps.

d. 1449, Standard for Safety Transient Voltage Surge Suppressors.

B. Qualifications:

1. Provide devices for a manufacturer who has been regularly engaged in the
development, design, testing, listing and manufacturing of SPDs of the
types and ratings required for a period of 10 years or more and whose
products have been in satisfactory use in similar service.

2. Upon request, suppliers or manufacturers shall provide a list of not less
than three (3) customer references showing satisfactory operation.

1.4 DEFINITIONS

A. Clamping Voltage:  The voltage measured at the end of the 6 IN output leads of
the SPD and from the zero voltage reference to the peak of the surge when the
applied surge is induced at the 90 degree phase angle of the applied system
frequency voltage.

B. Let-Through Voltage:  The voltage measured at the end of the 6 IN output leads
of the SPD and from the system peak voltage to the peak of the surge when the
applied surge is induced at the 90 degree phase angle of the applied system
frequency voltage.

C. Maximum Continuous Operating Voltage (MCOV):  The maximum steady state
voltage at which the SPD device can operate and meet its specification within
its rated temperature.

D. Maximum Surge Current:

1. The maximum 8 x 20 microsecond surge current pulse the SPD device is
capable of surviving on a single-impulse basis without suffering either
performance degradation or more than 10 percent deviation of clamping
voltage at a specified surge current.

2. Listed by mode, since number and type of components in any SPD may
vary by mode.
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E. Protection Modes:  This parameter identifies the modes for which the SPD has
directly connected protection elements, i.e., line-to-neutral (L-N), line-to-line (L-
L), line-to-ground (L-G), neutral-to-ground (N-G).

F. Surge Current per Phase:

1. The per phase rating is the total surge current capacity connected to a
given phase conductor.

2. For example, a wye system surge current per phase would equal L-N plus
L-G; a delta system surge current per phase would equal L-L plus L-G.

a. The N-G mode is not included in the per phase calculation.

G. System Peak Voltage:  The electrical equipment supply voltage sine wave peak
(i.e., for a 120 V system the L-N peak voltage is 170 V).

1.5 SUBMITTALS

A. Shop Drawings:

1. See Section 01 33 00 for requirements for the mechanics and
administration of the submittal process.

2. For named products, submit only a catalog cut sheet.

a. For all other products, submit the data required below.

3. See Section 40 90 00.

4. Product technical data for non-specified models:

a. Manufacturer’s experience.

b. Standard catalog cut sheet.

c. Electrical and mechanical drawing showing unit dimensions, weights,
mounting provisions, connection details and layout diagram of the unit.

d. Create a Product Data Sheet for each different model number of SPD
provided.

1) Data in the Product Data Sheet heading:

a) SPD Type per PART 2 of this Section.

b) Manufacturer’s Name.

c) Product model number.

2) Data in the Product Data Sheet body:

a) Column one:  Specified value/feature of every paragraph of
PART 2 of this Section.

b) Column two:  Manufacturer’s certified value confirming the
product meets the specified value/feature.

3) Data in the Product Data Sheet closing:

a) Signature of the manufacturer’s official (printed and signed).

b) Title of the official.
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c) Date of signature.

B. Operation and Maintenance Manual:

1. See Section 01 33 00 for requirements for:

a. The mechanics and administration of the submittal process.

b. The content of Operation and Maintenance Manuals.

1.6 WARRANTY

A. The manufacturer shall provide a minimum of a five (5) year Limited Warranty
from date of shipment against failure when installed in compliance with
applicable national/local electrical codes and the manufacturer’s installation,
operation and maintenance instructions.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Subject to compliance with the Contract Documents, the manufacturer’s model
numbers listed in the individual product paragraphs below are acceptable.

B. Submit request for substitution in accordance with Section 01 25 13.

2.2 TYPE IC1 SPD

A. Approved Products:

1. Cutler Hammer AGSHW CH-120N-15-XS.

2. EDCO HSP121BT-1RU.

3. MTL MA15/D/1/SI.

4. Phoenix Contact SFP 1-20/120AC (2856702).

B. Standards:  UL 1449.

C. Design:

1. General:

a. Mounted internally to control panels for point-of-use loads.

b. MOV based or multi-stage hybrid solid state high performance
suppression system.

c. Designed for series connection.

d. Enclosure:  Metallic or plastic, flange or DIN rail mounting.

e. Field connection:  Provide unit with external terminal screws for each
phase, neutral and ground that will accept #14 through #12 conductors.

f. Device monitoring:  Long-life, solid state, externally visible indicators
that monitors the on-line status of the unit’s suppression filter system or
power loss in any of the phases.

2. Operating voltage:  120 Vac.
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3. Operating current:  15 A minimum.

4. Operating frequency:  45 to 65 Hz.

5. Modes of protection:  All modes, L-N, L-G and N-G.

6. Maximum continuous operating voltage:  Less than 130 percent of system
peak voltage.

7. Maximum surge current:  20,000A per phase, 10,000A per mode minimum.

8. Minimum repetitive surge current capacity:  1000 impulses with no
degradation of more than 10 percent deviation of the clamping voltage.

9. Fusing: Optional integral unit level and/or component level short circuit
and/or thermal overload protection.

a. External protection as recommended by manufacturer.

10. Maximum clamping voltages, dynamic test with voltages measured from the
zero voltage reference and 90 degree phase angle:

System
Voltage

Test
Mode

IEEE C62.41

UL 1449
B Comb.

Wave
A Ring
Wave

L-N = 120 V L-N 400 V 300 V 330 V
L-G 500 V 400 V 400 V
N-G 500 V 400 V 400 V

2.3 TYPE IC3 SPD

A. Approved Products:

1. EDCO DRS-130RMS.

2. MTL MA-15/D/1/SI.

3. MTL SD-150X.

4. Phoenix Contact PT 2x1VA-120AC-ST (2839185) with PT BE/FM
(2839282) base for non-isolated wiring.

5. Phoenix Contact PT-2 PE/S-120 AC-ST (2839334 with PT-BE/FM
(2839282) base for isolated wiring.

B. Standards:  UL 497B or UL 1449.

C. Design:

1. General:

a. Mounted internally to control panels for point-of-use loads.

b. Multi-stage hybrid solid state high performance suppression system.

c. Designed for series connection.

d. Enclosure:  Metallic or plastic, flange or DIN rail mounting.
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e. Field connection:  Provide unit with external terminal screws for each
phase, neutral and ground that will accept #14 through #12 conductors.

f. Device monitoring:  Long-life, solid state, externally visible indicators
that monitors the on-line status of the unit’s suppression filter system or
power loss in any of the phases.

2. Operating voltage:  120 Vac.

3. Operating current:  3 A minimum.

4. Operating frequency:  45 to 65 Hz.

5. Modes of protection:  L-N; when ground conductor is present L-G and N-G.

6. Maximum continuous operating voltage:  Less than 130 percent of system
peak voltage.

7. Maximum surge current:  6000 A per phase, 3000A per mode minimum.

8. Minimum repetitive surge current capacity:

a. The SPD shall meet one (1) of the following:

1) 1000 occurrences of a 200A, 10x1000 microsecond waveform.

2) 400 occurrences of a 500A, 10x1000 microsecond waveform.

3) 100 occurrences of a 400A, 10x700 microsecond waveform.

4) 100 occurrences of a 2000A, 8x20 microsecond waveform.

9. Maximum clamping voltages, measured from the zero voltage reference:

a. The SPD shall meet one (1) of the following:

1) 400A, 10x700 microsecond waveform:  200 percent of system
voltage.

2) IEEE B3 combination wave:  250 percent of system voltage.

3) IEEE B3 ring wave:  200 percent of system peak voltage.

4) IEEE A3 ring wave:  200 percent of system peak voltage.

5) Mode N-G clamping voltage may be 175 percent higher than the L-
G levels.

2.4 TYPE IC4 SPD

A. Approved Products:

1. Cutler Hammer DPIPE S0362.

2. EDCO SS64-036-1, SS64-036-2, SS65-036-1 or SS65-036-2.

3. MTL TP48-NDI.

4. Phoenix Contact S-PT1-2PE-24DC (2818122).

B. Standards:  None.
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C. Design:

1. General:

a. For protection of field mounted equipment connected to 4-20mA analog
signal loops.

b. Mounted directly to an unused conduit entry on a process transmitter
housing.

c. Multi-stage hybrid solid state high performance suppression system.

d. Designed for series connection.

e. Enclosure:  1/2 IN to 3/4 IN stainless steel conduit pipe nipple.

2. Operating voltage:  24 Vdc

3. Modes of protection:  All modes, L-L and L-G.

4. Maximum continuous operating voltage:  Less than 130 percent of system
peak voltage.

5. Maximum surge current:  10,000 A.

6. Minimum repetitive surge current capacity:

a. The SPD shall meet one (1) of the following:

1) 1000 occurrences of a 200A, 10x1000 microsecond waveform.

2) 400 occurrences of a 500A, 10x1000 microsecond waveform.

3) 100 occurrences of a 400A, 10x700 microsecond waveform.

4) 100 occurrences of a 2000A, 8x20 microsecond waveform.

5) 10 occurrences of a 10,000A, 8x20 microsecond waveform.

7. Maximum clamping voltages, L-L:

a. The SPD shall meet one (1) of the following:

1) 400A, 10x700 microsecond waveform:  400 percent of system
voltage.

2) 10,000A, 8x20 microsecond waveform:  400 percent of system
voltage.

3) IEEE B3 combination wave:  250 percent of system voltage.

8. Maximum clamping voltages, L-G:

a. The SPD shall meet one (1) of the following:

1) 400A, 10x700 microsecond waveform:  200 percent of system
voltage.

2) 10,000A, 8x20 microsecond waveform:  200 percent of system
voltage.

3) IEEE B3 combination wave:  300 percent of system voltage.
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2.5 TYPE IC5 SPD

A. Approved Products:

1. Cutler Hammer DHW2P036.

2. EDCO DRS-036 or PC642C-036 with PCB1B base.

3. MTL SD32 or SD32X.

4. Phoenix Contact PT 2x2-24DC-ST (2838228) with PT 2x2-BE (2838208) or
PT 2x2+F-BE (2839224) base.

B. Standards:  UL 497B.

C. Design:

1. General:

a. Mounted internally to control panels for protection of equipment
connected to analog signal loops.

b. Multi-stage hybrid solid state high performance suppression system.

c. Designed for series connection.

d. Enclosure:  Metallic or plastic, flange or DIN rail mounting.

e. Field connection:  The unit shall have external terminal screws for line
and ground conductors.

2. Operating voltage:  24 VDC

3. Modes of protection:  All modes, L-L and L-G.

4. Maximum continuous operating voltage:  Less than 130 percent of system
peak voltage.

5. Maximum surge current:  10,000 A.

6. Minimum repetitive surge current capacity:

a. The SPD shall meet one (1) of the following:

1) 1000 occurrences of a 200A, 10 x 1000 microsecond waveform.

2) 400 occurrences of a 500A, 10 x 1000 microsecond waveform.

3) 100 occurrences of a 400A, 10 x 700 microsecond waveform.

4) 100 occurrences of a 2000A, 8 x 20 microsecond waveform.

5) 10 occurrences of a 10,000A, 8 x 20 microsecond waveform.

7. Maximum clamping voltages, L-L:

a. The SPD shall meet one (1) of the following:

1) 400A, 10x700 microsecond waveform:  400 percent of system
voltage.

2) 10,000A, 8x20 microsecond waveform:  400 percent of system
voltage.

3) IEEE B3 combination wave:  225 percent of system voltage.
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8. Maximum clamping voltages, L-G:

a. The SPD shall meet one (1) of the following:

1) 400A, 10x700 microsecond waveform:  200 percent of system
voltage.

2) 10,000A, 8x20 microsecond waveform:  200 percent of system
voltage.

3) IEEE B3 combination wave:  300 percent of system voltage.

2.6 TYPE IC6 SPD

A. Approved Products:

1. EDCO SLAC-12036.

2. MTL TPAC-4W.

3. Phoenix Contact BXT-N4X 4-Wire.

B. Product:

1. Field mounted for protection of field mounted equipment connected to 120V
power and 4-20mA analog signal loops.

2. Type IC1 and Type IC5 SPDs mounted in a common enclosure.

3. Enclosure:  Metallic or non-metallic NEMA 4X.

2.7 TYPE IC7 SPD

A. Approved Products:

1. Cutler Hammer DDIN Series.

2. EDCO DRS Series.

3. dMTL SD Series.

4. Phoenix Contact:  PT Series.

B. Standards:  UL 497B.

C. Design:

1. General:

a. Mounted internally to control panels for protection of equipment
connected to a discrete signal.

b. Multi-stage hybrid solid state high performance suppression system.

c. Designed for series connection.

d. Enclosure:  Metallic or plastic, flange or DIN rail mounting.

e. Field connection:  Provide unit with external terminal screws for line and
ground conductors.

2. Operating voltage:  24 Vdc or 24 Vac or 120 Vac



SURGE PROTECTION DEVICES (SPD) FOR WHCRWA
INSTRUMENTATION AND CONTROL EQUIPMENT CENTRAL PUMP STATION

WHCRWA CENTRAL PUMP STATION
SURGE PROTECTION DEVICES (SPD) FOR INSTRUMENTATION AND CONTROL EQUIPMENT

40 99 00 - 10 OF 14

3. Modes of protection:  All modes:

a. AC applications:  L-N, L-G, N-G

b. DC applications:  Pos-Neg, Pos-Gnd, Neg-Gnd.

4. Maximum continuous operating voltage:  Less than 130 percent of system
peak voltage.

5. Maximum surge current:  10,000 A.

6. Minimum repetitive surge current capacity:

a. The SPD shall meet one (1) of the following:

1) 1000 occurrences of a 200A, 10 x 1000 microsecond waveform.

2) 400 occurrences of a 500A, 10 x 1000 microsecond waveform.

3) 100 occurrences of a 400A, 10 x 700 microsecond waveform.

4) 100 occurrences of a 2000A, 8 x 20 microsecond waveform.

5) 10 occurrences of a 10,000A, 8 x 20 microsecond waveform.

7. Maximum clamping voltages, L-L (Pos-Neg):

a. The SPD shall meet one (1) of the following:

1) 400A, 10x700 microsecond waveform:  400 percent of system
voltage.

2) 10,000A, 8x20 microsecond waveform:  400 percent of system
voltage.

3) IEEE B3 combination wave:  250 percent of system voltage.

8. Maximum clamping voltages, L-G:

a. The SPD shall meet one (1) of the following:

1) 400A, 10x700 microsecond waveform:  200 percent of system
voltage.

2) 10,000A, 8x20 microsecond waveform:  200 percent of system
voltage.

3) IEEE B3 combination wave:  300 percent of system voltage.

2.8 SOURCE QUALITY CONTROL

A. Performance tests to be performed or independently verified by a certified
testing laboratory.

B. The SPD are to be tested as a complete SPD system including:  Integral unit
level and/or component level fusing.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Type IC1 SPD:

1. Provide on the following applications:

a. Incoming 120 V power to all control panels.

2. Connected in series with the panel's or equipment’s branch circuit.

3. Provide fuse protection as recommended by manufacturer.

4. Flange mount or DIN rail mount in control panel.

5. Connect all SPDs in the panel to the same grounding point.

C. Type IC3 SPD:

1. Provide on the following applications:

a. 120 V discrete PLC signals into a control panel from float switches,
position switches, etc., where the device is mounted outdoors or in a
remote building or structure from the control panel and where the
control conductors are routed above grade or underground.

b. 120 V discrete PLC signals into a control panel from float switches,
position switches, etc., where both the device and control panel are
mounted outdoors, and the control conductors are routed above grade
or underground.

2. Connected in series with the equipment.

3. Provide fuse protection as recommended by manufacturer.

4. Flange mount or DIN rail mount in control panel.

5. Connect all SPDs in the panel to the same grounding point.

D. Type IC4 SPD:

1. Provide on the following applications:

a. Loop powered transmitter (flow, level, etc.) where the transmitter is
mounted outdoors or in a remote building or structure from the control
panel and the signal conductors are routed above grade or
underground.

b. Loop powered transmitter (flow, level, etc.) where both the transmitter
and control panel are mounted outdoors, and the signal conductors are
routed above grade or underground.

2. Connect in series with the equipment.

3. Attach to spare conduit entry of transmitter or inline of conduit at the
transmitter.
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4. Bond transmitter to a grounded structure or provide a ground rod.

5. Ground shield at control panel end.

6. Verify SPDs series resistance and capacitance does not interfere with the
transmitters signal.

E. Type IC5 SPD:

1. Provide on the following applications:

a. Incoming 4-20mA signals into a control panel from transmitters (flow,
level, etc.) where the transmitter is mounted outdoors or in a remote
building or structure from the control panel and the signal conductors
are routed above grade or underground.

b. Incoming 4-20mA signals into a control panel from transmitters (flow,
level, etc.) where both the transmitter and control panel are mounted
outdoors, and the signal conductors are routed above grade or
underground.

2. Connect in series with the equipment.

3. Flange mount or DIN rail mount in control panel.

4. Connect all SPDs in the control panel to the same grounding point.

5. Verify SPDs series resistance and capacitance does not interfere with the
transmitters signal.

F. Type IC6 SPD:

1. Provide on the following applications:

a. Outdoor field mounted transmitter (flow, level, etc.) that requires 120 V
power and provides a 4-20mA signal to a control panel where the
conductors are routed above grace or underground.

2. Connect in series with the equipment.

3. Mounted adjacent to equipment.

4. Bond transmitter to a grounded structure or provide a ground rod.

5. Ground shield at control panel end.

6. Verify SPDs series resistance and capacitance does not interfere with the
transmitters signal.

G. Type IC7 SPD:

1. Provide on the following applications:

a. Low voltage (e.g., 24 Vac, 24 Vdc) discrete PLC signals into a control
panel from float switches, position switches, etc., where the device is
mounted outdoors or in a remote building or structure from the control
panel and where the control conductors are routed above grade or
underground.
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b. Low voltage (e.g., 24 Vac, 24 Vdc) discrete PLC signals into a control
panel from float switches, position switches, etc., where both the device
and control panel are mounted outdoors, and the control conductors are
routed above grade or underground.

2. Connect in series with the equipment.

3. Flange mount or DIN rail mount in control panel.

4. Connect all SPDs in the control panel to the same grounding point.

END OF SECTION
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SECTION 41 22 13 

BRIDGE CRANES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Electric, top running bridge cranes. 

2. Hoists and trolleys. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 40 05 05 - Equipment:  Basic Requirements. 

4. Section 26 24 19 - Motor Control Equipment. 

5. Section 26 28 00 - Low Voltage Overcurrent and Short Circuit Protective 
Devices. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Bearing Manufacturers Association (ABMA). 

2. American Gear Manufacturers Association (AGMA). 

3. American Society of Mechanical Engineers (ASME): 

a. B30.16, Safety Code for Overhead Hoists. 

4. ASTM International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

5. American Welding Society (AWS). 

6. Crane Manufacturers Association of America, Inc. (CMAA): 

a. 70, Standard Specifications for Electric Overhead Traveling Cranes. 
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b. 74, Standard Specifications for Top Running and Under Running Single 
Girder Electric Overhead Traveling Cranes Utilizing Under Running 
Trolley Hoist. 

7. National Fire Protection Association (NFPA): 

a. 70, National Electrical Code (NEC).  

8. Occupational Health and Safety Administration (OSHA) 

a. 1910.179, Overhead and Gantry Cranes. 

B. Qualifications: 

1. Welding shall be done by certified welders and shall be in accordance with 
the AWS standards. 

C. Coordinate installation to assure proper operation within the confines dictated 
by structural, equipment, mechanical and electrical installations. 

D. Verify hook and lifting heights for each application to assure each system is 
completely operational over range intended. 

1.4 DEFINITIONS 

A. Hook Height:  The minimum acceptable distance in feet from bottom of hook in 
full raised position to the nearest floor surface. 

B. Lift Height:  The distance in feet from the bottom of the hook in full raised 
position to the surface of the lowest floor from which items may be hoisted. 

C. Total Trolley Capacity:  The ultimate load-carrying capacity of the trolley based 
on the ultimate strength of the material used (with a 5:1 safety factor) and the 
bearing life. 

D. Ultimate Load-Carrying Capacity:  Live load, weights of all equipment and an 
allowance for impact. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. See Specification Section 40 05 05. 

3. Product technical data including: 

a. Acknowledgement that products submitted meet requirements of 
standards referenced. 

b. Manufacturer's installation instructions. 

4. Fabrication and/or layout drawings. 

a. Track layout including supports, splices, connections, switches, and end 
trucks. 

b. Girder layout including supports, connections and appurtenances. 
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5. Certifications. 

6. Test reports verifying strength of inserts and rail. 

7. Load test results. 

8. Maintenance Platform and coordination with building access platform. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Bridge cranes: 

a. Acco. 

b. P & H (Kone) 

c. Gaffey, Inc. 

d. Proserv Crane Group 

e. R&M Materials Handling, Inc. 

2. Hoists: 

a. Yale. 

b. Acco. 

c. Robbins and Myers. 

d. Wright. 

e. Proserv. 

f. Kone 

g. R&M Materials Handling, Inc. 

3. Trolleys: 

a. Yale. 

b. Acco. 

c. Wright. 

d. Proserv. 

e. Kone 

f. R&M Materials Handling, Inc. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 
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2.2 MANUFACTURED UNITS 

A. Performance and Configuration Requirements: As specified in Attachment(s) 

B. Design load carrying parts, except structural members and gears, so that the 
calculated stress in the material, based on rated load, shall not exceed 20 
percent of the published average ultimate strength of the material. 

C. Comply with CMAA #70 and CMAA #74. 

D. Trolley and hoist compatible with the specified bridge crane. 

E. Runway Rails: 

1. Straight, parallel and level. 

2. Sufficient strength and rigidity to prevent detrimental lateral or vertical 
deflection. 

3. ASCE standard rails of proper size (minimum ASCE 40 or as shown in 
Drawings) 

F. Girder: 

1. Structural steel from standard structural shapes. 

2. Design girder to resist vertical, lateral and torsional forces and stresses as 
defined by CMAA #70. 

3. The maximum vertical deflection of the girder produced by the dead load, 
weight of the trolley and hoist and the rated load shall not exceed 1/600 of 
the span. 

4. Locate safety stops at each end of bridge girder to prevent overtravel of 
trolley hoist. 

G. End Trucks: 

1. Carry crane bridge on end trucks sized to carry the rated load when it is lifted 
at one (1) end of the crane bridge. 

2. End truck wheelbase minimum of 1/8 of the crane span. 

3. Construct from structural channels welded and bolted into a rigid box 
section. 

4. Assure proper alignment of axles. 

5. Design so that drop of truck is limited to 1 IN in case of axle or wheel failure. 

6. Equip motorized top-running cranes with rail sweeps which extend below the 
top of the rail and project in front of the crane wheels. 

H. Crane Wheels: 

1. Top-running double flanged wheels of forged steel, cast-iron, cast carbon or 
alloy steel. 
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2. Support each wheel on roller bearings mounted on stationary axles suitable 
to take radial and thrust loads. 

3. Factory lubricates and seals bearings. 

4. Wheels may be heat treated. 

I. Crane Drives: 

1. Provide each end truck with a helical gear motor reducer. 

2. Motors integral with fully-enclosed oil splash lubricated gear reducers. 

3. Support gear reduction shaft by precision ball or roller bearings. 

4. Design motors and drives to supply the crane speed specified. 

5. Permanently lubricate and seal motor ball-bearings. 

J. Runway Electrification: 

1. Provide a 3-phase safety type runway electrification to be furnished by the 
crane manufacturer, and to include hanger brackets, conductors, feeds, 
snap-in clips, end caps, and an assembly tool for an indoor system.  Runway 
electrification to extend the length of the runway rail as indicated on the 
attachment. 

K. Bearings:  5000 HRS ABMA L-10. 

L. Gearing: 

1. All gearing except the final reduction at the wheels shall run in oil or be 
splash lubricated. 

2. Comply with AGMA specifications for load ratings. 

3. Gears not enclosed in gear boxes. 

a. Safety guards. 

b. Provisions for lubrication and inspection. 

M. Bridge Brake: 

1. Capable of stopping bridge within a distance in feet equal to 10 percent of 
full load speed (in fpm) when traveling at full speed with full load. 

N. Bumpers and Stops: 

1. Capable of stopping the crane at a rate of deceleration not to exceed 3 FT 
per second when traveling in either direction at 20 percent of rated speed. 

2. Sufficient energy absorbing capacity to stop the crane when traveling at full 
speed with full load. 

3. Stops designed to resist full load speed. 

4. Locate stops at limit of bridge travel. 

5. Runway stops shall not engage wheel treads. 
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O. Electrical: 

1. Provide a single power point of connection for 480 VAC. All other related 
voltages will be derived from the bridge crane equipment. Include all power 
and control equipment for a completer system 

2. Provide and install bride crane power rail or insulated power bus to operate 
the power equipment. Located and coordinate the field power connections 
for a complete in place operating power system.   

3. Provide disconnect device mounted on crane with overcurrent protection for 
the controllers. 

4. See Specification sections 26 24 19 and 26 28 00. 

5. Motor starters, disconnect devices, over current protection, electric conduit, 
control stations, magnetic reversing contactors and low-voltage transformer, 
necessary for a complete and totally functional conveying system. 

6. Mark the hoist with the following information: 

a. Name and address of manufacturer. 

b. Manufacturer's unit identification number. 

c. Rated load. 

d. Voltage of AC or DC power supply and phase and frequency of AC 
power supply. 

e. Rated amperage. 

 

P. Trolleys: 

1. Type as indicated in Section 3.3 Schedule. 

2. Completely compatible with hoists and cranes specified. 

3. Meet NEC standards according to classifications shown on Drawings. 

4. Capable of maneuvering curves without binding or scraping the track. 

5. Minimum ABMA L-10 bearing life of 5000 HRS based on 75 percent of the 
wheel load, excluding impact. 

6. Motor Driven: 

a. Operate at a single speed as scheduled in attachment. 

b. Enclose internal gears in oil- tight housing. 

c. Design motors to operate with 460 V, 3 PH, 60 cycle power supply. 

7. Plain trolleys: 

a. Frame consisting of thick rolled steel sections extending beyond wheel 
flanges to protect wheels. 

b. Alloy steel hardened axles, ball-bearings and pressed steel wheels. 

1) Carburized and hardened ball tread wheels. 
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2) Factory lubricated requiring no additional lubrication. 

Q. Hoists: 

1. Electric wire rope hoists: 

a. Low headroom models. 

b. Hoist frames of welded heavy steel plate construction. 

c. Oiltight gear casing for oil bath lubrication of gears. 

d. Construct rope drum and surrounding units to minimize abrading, 
crushing or jamming of the rope during usage. 

e. Drum diameter not less than 18 times the diameter of the rope used. 

f. Assure that two (2) complete wraps of rope remain on the drum after 
lowering the load hook through its rated lift distance, unless a lower limit 
device is provided, in which case provide a minimum of one (1) 
complete wrap. 

g. Double revving for hoists with total lift height greater than hook height. 

h. Sheave and drum grooves:  Smooth and free from surface irregularities 
which could cause rope damage. 

i. Provide running sheaves with means for lubrication. 

j. Bearings: 

1) Antifriction type. 

2) Minimum ABMA L-10 life of 1250 HRS for Class H1, 2500 HRS for 
Class H2, and 5000 HRS for Class H3, based on full rated speed 
and mean effective load K of 0.65. 

k. Mechanical load brake. 

l. Lower limit switch to stop hoist when hook reaches its lower limit. 

m. Motor: 

1) Operate at a two-step speed as scheduled in attachment.  Two 
speed ratio to be 6:1. 

2) Motor brake. 

a) Internal disc magnetic type. 

b) Rated for 150 percent of motor torque. 

c) Delivers rapidly with zero hook drift. 

3) TENV motors operable on 460 V, 3 PH, 60 cycle power. 

4) Meet specified area classification. 

5) Permanently lubricate and seal motor ball-bearings. 

6) Provide an upper limit switch to stop the hoist motor and apply the 
holding brake when the hook reaches its upper limit. 
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2.3 ACCESSORIES 

A. Trolley stops design to engage the trolley frame rather than trolley wheels. 

B. Electrification and Controls: 

1. See specification sections 26 24 19 and 26 28 00. 

2. Provide single point connection for all electrical and control conductors. 

3. Provide electrical power to the motor-driven hoists and trolleys using one (1) 
of the following methods as scheduled in the Attachment: 

a. Festoon tagline system: 

1) Equip with plastic wheels in areas with an NEC classification of 
Class I, Division 1 or 2, Group D. 

2) Include all components needed for a complete and operable 
system. 

b. Cable reel system: 

1) 360-degree swivel base. 

2) Full working length of cable plus 25 percent. 

3) Include all components needed for a complete and operable 
system. 

4. Controls:  Provide control method(s) as scheduled in the Attachment: 

a. Remote control: 

1) Handheld remote radio control transmitter. 

2) Include bridge mounted receiver. 

3) Single control station if hoist and trolley are both motor-driven. 

4) NEMA 4/12 enclosure with the transmitter operating off of a 
disposable 9-volt battery. 

b. Pendant control: 

1) Pendant pushbutton control stations with reversing type contactors 
for electric hoists and/or trolleys. 

2) Single control station if hoist and trolley are both motor-driven. 

3) Suspend control stations from trolleys. 

4) Clearly mark function of each button. 

5) Suspend station in a manner that will protect the electrical 
conductors against strain. 

6) Control station shall be operable from 115 V power supply. 

7) Ground control station to hoist. 

8) Provide control cable lengths of 1 FT less than distance to nearest 
floor. 

c. Switches: 

1) Manual switches. 
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2) Completely compatible with hoists and trolleys specified. 

3) Provide switch chain to within 6 FT of floor. 

C. Maintenance Platform:  Provide a structural steel maintenance platform 
attached to bridge crane.  Maintenance platform shall be unobstructed and 
have a minimum 28-inch width, extend the length of the bridge crane’s span 
and provide access to the hoist, trolley, grease fittings, motors, electrification, 
controls, and other appurtenances.  The platform should be at a height that puts 
the top of the hoist at approximately waist height but shall not extend lower than 
the bottom of the girder.  The maintenance platform shall be provided with the 
following: 

1. Handrail and kick-plates in accordance with OSHA requirements. 

2. Access point to allow operators to cross the handrail.  Access point shall be 
unobstructed and secured with a safety chain and swivel snap.  Festooning 
cable, cable reel, or other equipment shall at no time obstruct the access 
point.  Access point height, location and dimensions to be coordinated with 
permanent access platforms provided as part of the building or structure. 
Locate the platform on the side of the bridge crane that faces the access 
platform shown in the Drawings. 

3. Shop applied protective coatings. 

2.4 MAINTENANCE MATERIALS 

A. Spare parts 

1. Spare parts shall be identical in every aspect with the original parts.  Each 
part shall be securely tagged and clearly identified as "SPARE".  All spare 
parts shall be suitably packaged for long term storage.  Protect and store 
spare parts in location as directed by Owner’s Representative. Spare parts 
provided will include, but are not limited to rope, rope guide, brake wheel, 
overload switch, hook, safety latch, contactor set for hoist panel. Main 
contactors and fuses for crane control panels, travelling brake repair set, 
travelling break rectifier. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install runway rails with center-to-center distance and elevation within +1/8 IN. 

B. Support track as shown on Drawings. Arrange supports for easy removal of 
track for repair or replacement. Align track true and level. 

C. Warning Signs: 

1. Maximum 10 FT intervals along rails with electrical conductors. 

2. At stairs or ladders located 6 FT or less from the rail(s). 
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3. Warning sign legend and colors: 

a. DANGER (red). 

b. HIGH VOLTAGE (black). 

c. 480 Vac (black). 

d. KEEP OFF (red). 

4. Affix to the hoist or the lower load block or the controls in a readable 
position a durable label or labels displaying the following information 
concerning safe operating procedures: 

a. The word WARNING or other legend designed to bring the label to the 
attention of an operator. 

b. Cautionary language against: 

1) Lifting more than rated load. 

2) Operating hoist when hook is not centered under hoist. 

3) Operating hoist with twisted, kinked or damaged rope or chain. 

4) Operating damaged or malfunctioning hoist. 

5) Operating hoist with a rope that is not properly seated in its groove 
(if applicable). 

6) Lifting people or lifting loads over people. 

7) Removing or obscuring warning label. 

3.2 FIELD QUALITY CONTROL 

A. Field test each crane using 110 percent rated load and provide industry 
standard certification. 

B. Test each hoist and trolley using 110 percent rated load and provide industry 
standard certification. 

C. Employ and pay for services of equipment manufacturer's field service 
representative(s) to: 

1. Inspect equipment covered by this Specification Section. 

2. Supervise pre-start-up adjustments and installation checks and all field tests. 

3. Conduct initial start-up of equipment and perform operational checks. 

4. Provide a written statement that manufacturer's equipment has been 
installed properly, started up and is ready for operation by Owner's 
personnel. 

5. Instruct Owner's personnel at jobsite on operation and maintenance of the 
hoist, trolley, and crane equipment as indicated in Section 01 75 00 System 
Startup. 

3.3 SCHEDULE 

1. Equipment Tag: CPS-03-HSP-BRC-01001 
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a. Rated Loading Capacity:  14 tons 

b. Type:  

1) Bridge Crane: 

a) Top-running, double girder, dual-drive electric. 

b) Direct drive end trucks. 

2) Hoist:  Electric wire rope 

3) Trolley:  Standard 

c. Hoist and Trolley Service Class: HMI H3  

d. Hook Height:  25 feet 

e. Lifting Height: 20 feet 

f. Span:  See drawings. 

g. Runway Length:  See drawings. 

h. Crane Overhead Clearance:  See drawings. 

i. Minimum Operating Speeds:   

1) Bridge – 100 fpm 

2) Trolley – 65 fpm 

3) Hoist – 12.5/2.1 fpm (two-step) 

j. Maximum Drive Horsepower:   

1) Bridge – 2 x 0.6 

2) Trolley – 2 x 0.3 

3) Hoist – 19  

k. Power Source:  460 Vac, 3 PH, 60 Hz 

l. Duty cycle rating:  Class C 

m. The basis of the design is R&M Materials Handing, Inc. Model QXD10-
Ton x 48ft Hol: 14ft SP.  Contractor is responsible for modifying building 
height as necessary to maintain the minimum clearance requirements 
shown on the plans should other manufacturers or model be utilized.  

n. Trolley Electrification: Provided by a festoon tagline system. 

o. Control System: Provided by a pendant and radio control transmitter. 

p. Maximum Weight (including crane, hoist, and trolley): 22,060 lbs 

END OF SECTION 
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SECTION 43 21 09 
PUMPING EQUIPMENT:  HORIZONTAL SPLIT CASE CENTRIFUGAL PUMPS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Horizontal split case centrifugal pumps will be installed at AREA 03. 

2. Medium voltage motors for referenced pumps.  Also reference Section 26 
05 09. 

3. Adjustable Frequency Drives: Medium Voltage for those pumps having 
adjustable frequency drives. Also reference Section 26 13 26. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 – Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 – General Requirements. 

3. Section 05 12 00 – Structural Steel 

4. Section 09 91 00 – Painting and Protective Coatings 

5. Section 26 05 09 – Motors 

6. Section 26 10 10 – Medium-Voltage Motors 

7. Section 26 13 26 – Adjustable Frequency Drives: Medium Voltage 

8. Section 40 90 00 – Instrumentation for Process Control: Basic 

9. Section 40 91 19 – Vibration Monitoring System  

10. Specification Section is applicable to pumps CPS-03-HSP1-HSP-01001, 
CPS-03-HSP2-HSP-02001, CPS-03-HSP3-HSP-03001,  and CPS-03-
HSP4-HSP-04001. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Bearing Manufacturers Association (ABMA). 
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a. ANSI/ABMA 9-1990 (R2008):  Loading and Fatigue Life for Ball 
Bearings. 

b. ANSI/ABMA 11-1990 (R2008): Loading Ratings and Fatigue Life for 
Roller Bearings. 

2. American Iron and Steel Institute (AISI): 

a. Steel Products Manual. 

3. American National Standards Institute (ANSI). 

4. B16.1: Standard for Cast Iron Pipe Flanges and Flanged Fittings, ASTM 
International (ASTM): 

a. A36, Standard Specification for Carbon Structural Steel. 

b. A48, Standard Specification for Gray Iron Castings. 

c. A276, Standard for Stainless Steel, Type 316 and Type 410. 

d. A576, Standard Specification for Steel Bars, Carbon, Hot Wrought, 
Special Quality. 

e. B148: Standard Specification for Aluminum-Bronze Sand Castings. 

f. B536, Standard Specification for Ductile Iron Castings. 

g. B584, Standard Specification for Copper Alloy Sand Castings for 
General Applications. 

5. Hydraulic Institute (HI):  Current Standards. 

a. Standards for Centrifugal, Rotary, and Reciprocating Pumps. 

b. HI 14.6 Standards for Rotodynamic Pumps for Hydraulic Performance 
Acceptance Test. 

6. National Science Foundation (NSF):  Current Standards. 

a. NSF 61, Drinking Water System Components – Health Effects. 

1.4 QUALIFICATIONS 

A. The pump manufacturer shall have a minimum of three (3) operating 
installations with pumps in the same service specified and of the same size 
specified or larger operating for not less than five (5) years. Pump shall be 
manufacturer’s standard catalogued product and modified to provide 
compliance with the drawings, specifications, and the service conditions 
specified and indicated. 

B. The equipment covered by this Section is intended to be standard pumping 
equipment of proven ability, from a manufacturer having at least 10 years of 
experience in the United States in the production of equipment similar to this 
installation for use. 

C. The pump provided under this Section shall be the product of a single 
manufacturer.  Manufacturer shall be ISO 9001 certified and maintain a quality 
compliance system in accordance with their certification.  
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D. Vendor Coordination/Responsibility:  The Vendor shall be the pump 
manufacturer and shall also furnish the medium voltage motors as specified in 
Section 26 10 10 Medium-Voltage Motors, and shall be responsible to 
coordinate the design, testing, and installation of the pump and motor as a 
“pumping unit”.  In addition, the pump manufacturer shall be fully responsible for 
coordination with the AFD manufacturer to ensure proper sizing and 
compatibility of the pumping system and the AFD drive (specified in Section 26 
13 26 – Medium Voltage AC Adjustable Frequency Drive). The pumping system 
must be a complete and integrated package to insure proper coordination, 
compatibility, and operation of the system.  The motors furnished for all 
adjustable speed pumps shall be suitable for use with a AFD.  The Vendor shall 
take full responsibility for pump, pump/motor coupling, motor, pump and motor 
bases and any other equipment required for a complete operating system and 
be responsible for the adequacy and compatibility of the pump, motor, coupling, 
motor and pump bases.  The motor manufacturer shall provide a representative 
who is capable of coordinating the design, testing, and installation of the motor 
and the technical coordination for proper matching of the characteristics of the 
pump motor and adjustable frequency drive (AFD) to the requirements of the 
centrifugal pump. 

1. Pump manufacturer shall review all technical submittals from the 
manufacturers of the motor and AFD equipment, and certify that the motor 
and AFD supplied is compatible with the pump equipment and the 
conditions for which the pump is being designed. 

2. Technical submittals and data for the centrifugal pump shall be supplied to 
the manufacturers of the pump motor and AFD equipment for review and 
certification of compatibility. 

1.5 SYSTEM DESCRIPTION 

A. The pump shall be a horizontal, split-case, double suction, double volute 
centrifugal pump with horizontal suction, and horizontal discharge, with 
horizontal motor, coupling, coupling guard, and pump supplied on a common 
structural steel base plate with motor.  Accessories shall be furnished as 
required for a complete functioning pumping unit in accordance with the 
specified performance and installation conditions. 

B. The pump unit, including the motor, shall be mechanically designed to be 
capable of reverse rotation up to a maximum speed of 130% of the rated (full) 
pump speed resulting from backflow through the pump due to power failure 
without unreasonable vibration or overheating of bearings of either the motor or 
the pump. 

C. Rotation shall be suitable for pumps installation as indicated on the drawings. 

D. The Contractor/pump manufacturer shall provide the design and construction 
drawings of the structural steel base as required for the selected pump sealed 
by a licensed professional engineer. 
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E. Liquid pumped is potable finished drinking water for distribution with a 
maximum chloramine residual of 4 mg/L and temperature range from 50° F to 
85° F. 

1.6 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Contractor shall provide a signed certification letter from the pump 
manufacturer stating that the pump manufacturer can fully shop test the 
project pumping unit, including project pump and project motor across the 
entire range of specified NPSH, flow, head, power, and other conditions at 
the manufacturer’s shop testing facilities.  Signed certification letter shall be 
submitted as part of the initial pump submittal for Engineer review at the 
beginning of the project.   

3. Contractor shall provide a signed certification letter from the pump 
manufacturer that the pump and motor are adequately designed to allow a 
reverse rotation of 130% of the synchronous speed for 1 hour without 
damage to bearings of the motor or pump or causing temperatures 
exceeding those for which the motor and pump were designed. 

4. All submittal information becomes the property of the Owner and may be 
used for future Owner projects, as applicable, by Owner or its agents for 
Owner projects.  Proprietary statements which may be indicated on the 
submittal information will have no legal effect in limiting the Owner from use 
of these materials for Owner's purposes.   

B. Certified Shop and Erection Drawings: 

1.  If straightening vanes or other suction improvements are needed to meet 
standards, submit proposed improvements prior to pump or suction piping 
fabrication for Engineer review.  Contractor shall provide proposed 
improvements in accordance with pump manufacturer’s recommendations 
at no additional cost to Owner. 

2. Shop drawings and other Product Data:  Detailed shop drawings, literature, 
specifications, engineering data, and product data for centrifugal pumps 
including arrangement, fabrication, assembly (with parts list) and installation 
drawings.  Include shop drawings and product data for accessory items.  
Equipment shall be described in sufficient detail, including a parts list with 
materials of construction list by common trade name and ASTM reference 
number.  The parts list shall be cross-referenced to a sectional cut-away 
drawing (fully illustrating the rotating assembly) to indicate full conformance 
with the detail specifications.  Provide a scaled drawing showing the pumps, 
motors, hoists, and bridge crane, including equipment weights, lifting 
attachments, slings, and clearances for equipment removal and clearance. 



WHCRWA PUMPING EQUIPMENT:  

CENTRAL PUMP STATION HORIZONTALSPLIT CASE CENTRIFUGAL PUMPS       

 

WHCRWA CENTRA PUMP STATION 
PUMPING EQUIPMENT:  HORIZONTAL SPLIT CASE CENTRIFUGAL PUMPS 

43 21 09 - 5 OF 28 

3. Provide certification from the equipment manufacturer that the materials of 
construction specified are recommended and suitable for the service 
conditions specified and indicated.  If materials other than those specified 
are proposed based on incompatibility with the service conditions, provide 
technical data and certification that the proposed materials are suitable for 
the service conditions specified including an installation list of five (5) 
installations in operation for a minimum of five years.  Provide proposed 
materials at no additional cost to Owner.  Where materials are not specified, 
provide technical data and certification that the proposed materials are 
recommended and suitable for the service conditions specified. 

4. Provide wr2 and maximum nozzle loading limits (x, y, z components). 

5. Product data, design, fabrication drawings and installation drawings, as 
necessary, for all auxiliary components including certified concrete/grout 
foundation pads, pump support, and anchor bolt plans. 

6. Bearing calculations, torsional analysis for the pumping assembly including 
motor and pump, pump shaft deflection and fatigue analysis.  The 
calculations shall cover conditions for the operating range of the pump 
(minimum to maximum flow) at minimum and maximum speed.  The 
calculations and analyses shall be signed and sealed by a licensed 
professional engineer. 

7. Bearings:  Provide bearing temperature operating range for the range of 
conditions specified.  List bearing type, lubrication type, and L-10 life under 
the maximum conditions specified. 

8. Certification that the centrifugal pump is compatible with the proposed 
pump motor and AFD equipment based on pump manufacturer's review of 
technical data for the other equipment. 

9. Resonant frequency analysis over the full range of operation for current and 
future conditions. 

10. Welding certificates, welding procedures and procedure qualification 
records from all fabricators. 

11. Qualifications of field service engineer. 

12. Recommendations for short and long-term storage. 

13. Schematic electrical wiring diagram and other data as required for complete 
pump installation. 

14. Copy of the contract mechanical, process, electrical, and instrumentation 
drawings, with all applicable addenda for the equipment in this section 
noted, clearly marked in a different color or clouded to show all changes 
necessary for the equipment proposed.  If no changes are required, mark 
all drawings with “No changes required” or provide a statement that no 
changes are required.  Failure to include will result in submittal return 
without review until complete package is submitted. 
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15. Copy of the contract mechanical, process, electrical, and instrumentation 
specifications, with all applicable addenda for the equipment in this section 
noted.  Clearly checkmark each paragraph or mark and index to indicate 
requested deviations and clarifications from the specified requirements. 
Where deviations are requested, provide a detailed written justification.  
Failure to include will result in submittal return without review until complete 
package is submitted. 

C. Pump Performance Curves: 

1. Prior to fabrication and testing, provide guaranteed performance curves 
based on actual shop tests of mechanically duplicate pumps, showing they 
meet the specified and indicated requirements for head-capacity 
relationship, brake horsepower, net positive suction head required 
(NSPHR), pump efficiency (ratio of water horsepower to brake horsepower), 
and pump speed.  Curves shall be complete for the entire range of 
operation from shut-off head to minimum operating head conditions and for 
adjustable speed operation from maximum (100%) speed to minimum 
speed, with two evenly-spaced adjustable speed curves in between. 

2. Provide catalog performance curves at maximum pump speed indicated 
and specified showing maximum and minimum impeller diameters 
available, acceptable operating range (AOR), and preferred operating range 
(POR). 

3. Submit curves for guaranteed performance on 8-1/2-inch by 11-inch sheets, 
one curve per sheet. 

4. Characteristic curves for adjustable speed pumps for maximum pump 
speed, minimum pump speed, and for speeds required to obtain minimum 
pump flow and head conditions specified.  Identify curves by speed and 
provide all curves on one sheet.  Provide NPSHR curve for each speed.  

D. Factory Test Reports: 

1. Certified motor test data as described in Section 26 05 09. 

2. Tabulated data for the drive motors including rated HP, full load rpm, 
temperature, power factor, and efficiency curves at ½, ¾, and full load, 
service factor and kW input, including when the pump is at its design point.  
Submit a certified statement from the motor manufacturer that the motors 
are capable of continuous operation on the power supply from the 
adjustable frequency drives to be furnished without affecting their design life 
for bearings or windings. 

3. A schedule of the date of shop testing and delivery of the equipment to the 
job site. 

4. Description of pump factory test procedures and equipment, pump and 
piping setup, equipment to be used, and ANSI/HI testing tolerances to be 
followed. 
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5. Certified reports for factory tests including raw data, sample calculations 
and plots of the test results including wire to water efficiency.  Pump 
performance curves shall be prepared from the test results and submitted in 
accordance with the requirements of Article 1.6. (Prior to shipping)  

6. Test reports or certifications for all materials prior to shipping. 

7. Testing procedures and balancing report for the balancing of the impeller 
and all shafts.  Both static and dynamic balancing shall be completed.  
Certified results of dynamic balancing (prior to shipping). 

8. Certified results of hydrostatic testing (prior to shipping). 

E. Submit certificates of calibration in accordance with Hydraulic Institute (HI) 
Standards for all instruments, meters and other measurement devices to be 
used in factory tests certified calibrated 90 days or less prior to tests. 

F. Submit written procedures for field tests and certificates of calibration for all 
instruments, meters and other measurement devices to be used in field tests. 

G. Manufacturer’s Field Reports 

1. Prior to field operational testing:  Submit Installation Certificate from 
equipment manufacturer that all equipment including AFD and motor is 
correctly installed and ready for field testing.  

2. Submit reports for field testing as described in Article 3.2.C. 

H. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 

1.7 WARRANTY 

A. Provide warranty in accordance Item 16 of the purchase order and the 
provisions of this section. 

B. The pumps, motors and drives shall be warranted for 3 years after the Date of 
Substantial Completion of the Pump Station but shall not exceed 66 months 
from the date of shipment of the equipment from the manufacturing facility.  The 
pumps will not be field tested until the water facilities are operational.  The 
pump manufacturer shall furnish a written warranty covering materials and 
workmanship for all equipment and materials provided with the centrifugal 
pumps, motors and AFD including appurtenant items.  The warranty shall cover 
100% of parts and labor for at three years commencing on the Date of 
Substantial Completion of the Pump Station.  The pump manufacturer shall also 
provide a copy of the warranty provided from the AFD drive and the motor 
manufacturers providing the pump manufacturer a three year warranty from the 
Date of Substantial Completion as noted above that covers 100% of all parts 
and labor. 
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C. With respect to the work under this Section, the Date of Substantial Completion 
for the Central Pump Station is further defined as the date after start-up that the 
pumps operate for 7 continuous days without more than 1% of the down-time.  
If pumps do not operate for 99% of the time within 7 days of start-up, the 
warranty period shall begin upon start-up after the subsequent corrective 
repairs and an additional 7 continuous days of operation with no more than 1% 
downtime. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Horizontal split case centrifugal pumps: 

a. Flowserve 

b. Patterson 

c. Fairbanks Nijhuis 

d. Xylem – AC 

e. ITT Goulds 

f. Sulzer 

g. Ebara 

2.2 MATERIALS 

A. Materials for Pumps HSP1 through HSP4 in Area 03. 

1. Pump casing:  Cast iron, ASTM A48, Class 30  

2. Impellers:  Nickel Aluminum Bronze, ASTM B148, C95800 

3. Shaft:  Heat treated steel, machined according to ASTM A576 Rev B Grade 
1045 

4. Impeller wear rings:  ASTM B148, C95800 

5. Casing wear rings: ASTM B584 C90500 

6. Shaft sleeve:  Stainless steel, ASTM A276, Type 316 

7. Baseplate:  Carbon structural steel A36 

B. A Certified Material Test Report shall be required for the material used for each 
pump casings, impellers, shafts, shaft sleeves and wear rings. 

C. Components 

1. Pump casing 
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a. The pump casing shall be double volute design free of blow holes, or 
other detrimental defects.  The casing shall be horizontally split with the 
horizontal suction and discharge flanges cast integrally with the lower 
half in order that the upper part may be removed for inspection or 
removal of the rotating element without disturbing pipe connections or 
pump alignment.  The joint between halves of the casing shall be 
heavily flanged and bolted, with dowel pins for accurate alignment.  The 
interior shall be smooth and free from surface defects.  The casing shall 
be designed with ribs or reinforcing if required to withstand the specified 
hydrostatic test pressure and to prevent deflection caused by hydraulic 
thrust.   

b. The casing shall be cast iron as described above, and shall be 
designed to transmit to the bedplate and anchor bolts all static and 
dynamic forces which the pump will exert. 

c. Provide pump feet integral in the bottom half of the casing.  Design 
pump feet and casing for hydraulic thrust not less than two times the 
shutoff head times the area of the discharge nozzle and acting at the 
centerline of the discharge nozzle. 

d. The Contractor shall provide and embed the anchor bolts for securing 
the pump/motor base plate to the foundation pad. Other bolting and 
shimming material and all other appurtenances shall be furnished by 
the Contractor for a complete installation of the pumping unit baseplate.  
Anchor bolts shall be designed as a minimum of 2 times the maximum 
expected load or higher if recommended by the pump manufacturer. 

e. Suction and discharge connections shall be flanged, drilled for bolt 
holes, and machined in accordance with ANSI B 16.1, Class 125 or 250 
as required. 

f. Casings shall be drilled and tapped for 1” air/vacuum valve, gauge, and 
drain connections and shipped with brass plugs.  Provide taps in 
accordance with Hydraulic Institute Standards.  Suitable lifting lugs or 
eye bolts shall be provided for top cover removal.  Casing and flanges 
shall be tested in accordance with Hydraulic Institute Standards under a 
hydrostatic pressure of 150% of future shutoff head. 

2. Impellers 

a. The impeller shall be of the double suction enclosed type, precision 
cast one piece.  The impeller shall be keyed to the shaft by a full length 
key and securely held in the axial position on the shaft by means of 
stainless steel sleeves properly secured to the shaft so that it cannot 
become loosened or unfastened by torque from either forward or 
reverse rotation. 

b. Construction of impeller shall be nickel aluminum bronze in accordance 
with ASTM B148, Grade C95800.   
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c. The impeller shall be statically and dynamically balanced and test 
reports shall be submitted before shipment.  Residual unbalanced 
hydraulic, static, and dynamic forces in the impeller, in combination with 
any other unbalanced forces in the shaft and drive motor, shall be 
insufficient to cause vibrations in pump operation exceeding those limits 
specified within the Section and in the Hydraulic Institute Standards. 

d. Water passages in the impeller shall have smooth hydrodynamic 
shapes, without discontinuities, irregularities, surface porosity, and 
other features contributing to cavitation. Vanes shall be dimensionally 
similar to an extent necessary to avoid significant hydraulic imbalance 
in operation. 

3. Shaft 

a. The pump shaft shall be 1045 carbon steel or better in accordance with 
ASTM A576 Rev B. 

b. The pump shaft shall be a straight non-tapered shaft, precision 
machined to a smooth finish over the entire length with appropriate 
grinding and polishing at bearing areas, and free from harmful and 
damaging vibrations. 

c. Seal areas and bearing journals subject to wear and corrosion shall be 
fitted with replaceable stainless steel sleeves conforming to ASTM 
A276, Type 316 or approved equal. 

d. Shaft diameter shall be sized to prevent torsional deflection, flexural 
deflection, whipping, and vibrating.  Shaft shall be of sufficient size to 
transmit the full driver horsepower with a minimum 2.0 safety factor.  
Shaft deflection for all conditions on the pump performance curve shall 
be limited to 0.002 inches maximum measured at seal, or 75% of the 
radial wearing ring clearance, whichever is less.  Shrink fit shaft sleeves 
will not be acceptable. Shaft sleeves should be mechanically held and 
removable for replacement. 

e. Provide shaft with strength and rigidity with critical speed at least 35 
percent in excess of actual maximum operating speed. 

4. Wear rings 

a. Removable and renewable wear rings shall be provided on the casing 
and impeller. 

b. Wear rings shall be made of material that will resist corrosion and 
erosion.  Casing rings shall be made of ASTM B584 C90500 or 
approved equal and Impeller wear rings shall be made of ASTM B148, 
C95800 or approved equal. 
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c. Wear rings shall be of the labyrinth ring type.  The casing wear rings 
shall be designed to provide a smooth flow of water into the impeller 
eye and provided with a positive means of preventing rotation.  Wear 
rings shall be designed to permit reasonable out-of-roundness of the 
pump parts and yet achieve required clearances without the need for 
machining in the field. 

d. Radial clearances between moving and stationary wear rings shall be 
consistent with safe and efficient pump operations, with proper 
allowances for operating clearances in the pump bearings.  Wear rings 
shall be designed and machined to close tolerance to minimize 
leakage.  The diametrical clearance shall not exceed 0.030 inch and be 
not less than 0.001 inch per inch of ring diameter. 

e. Wearing rings shall be securely fastened to prevent any relative motion 
and designed for easy replacement 

5. Baseplate 

a. Material:  ASTM A36 fabricated structural steel. 

b. Provide structural steel shape bases, bent form bases are not 
acceptable. 

c. Provide with provisions for grouting, for anchor bolts, and to collect 
leakage. 

d. Design baseplate to support pump and driver. 

e. Provide planed surfaces of bearing pads for pumps and drives. 

f. Baseplate shall be of sufficient size and rigidity to support the unit and 
prevent harmful or damaging vibration. 

g. Vertical jacking screws ½” diameter minimum shall be provided around 
the base plate perimeter 3” from each anchor bolt location to facilitate 
alignment of the base plate in the vertical direction. 

h. Machined mounting surfaces for the equipment and driver shall have 
horizontal jack screw positioning bolts 3/8” diameter minimum. 

i. All welding on the base plate shall be completed prior to machining the 
equipment and driver mounting surfaces. 

j. Machined mounting surface shall be coplanar to 0.002”, and shall 
extend 2” beyond pump and driver feet on all sides with a 125 micro 
inch Ra finish. 

k. Provide 1/8” minimum shim adjustment under driver feet for alignment. 

l. Anchor bolt holes shall be ¼” larger on the diameter than the anchor 
bolts.  Tapped equipment bolt holes in the base plate should be of 
sufficient depth to allow for plenty of thread engagement. 

m. Base to be grouted per the manufacturer’s submittal. 

n. Provide eight horizontal motor adjustors on the base to facilitate field 
alignment. 
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6. Seals 

a. Split Mechanical Seal: Manufacturer:  Chesterton Style 442 or approved 
equal 

b. Materials: 

1) Gland:  Type 316 stainless steel. 

2) Rotary Holder:  Type 316 stainless steel. 

3) Hardware:  Type 316 stainless steel. 

4) Springs:  Hastelloy C or Elgiloy. 

5) Rotating Faces:  Silicon Carbide. 

6) Stationary Faces:  Silicon Carbide. 

7) Elastomers:  Viton. 

8) Restriction Bushing:  Split type, glass filled Teflon. 

c. All components of the seals are to be NSF 61 approved for potable 
water use. 

d. Provide seal water from pump discharge to piping factory mounted on 
the pump assembly. 

e. Seals will be installed in the pumps at the jobsite by the seal 
manufacturer’s field service technician. 

7. Couplings 

a. Non lubricated, polyurethane flex material type. 

b. Split design. 

c. . 

d. Manufacturer: Rexnord Omega or acceptable equivalent product. 

8. Bearing System 

a. Oil lubricated anti-friction type. 

b. Provide pump with single or double row antifriction ball bearings.  
Outboard bearing to be thrust bearing and inboard bearing to be radial 
type held by two bearing brackets.  If bearing brackets are not cast 
integrally with casing, machine and dowel brackets to casing so that 
perfect alignment between bracket and casing results.   

c. Provide bearings supported rigidly in bearing housings attached to 
pump casing and arranged to prevent water from entering.  Provide 
bearings completely sealed to exclude moisture and dirt. 

d. Provide bearings in a dust and moisture proof enclosures. 

e. Provide bearings with minimum L-10 life rating of 100,000 hours at 
specified operating conditions based on latest ABMA and ANSI 
Standards. 

f. Provide Inpro/Seal bearing isolators. 

g. Provide bearing temperature RTD for each set of bearings. 

h. Vibration monitoring systems as specified in Section 40 91 19. 
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9. Motor/AFD 

a. Provide in accordance with Section 26 10 10and as specified and 
indicated. 

b. Horsepower rating of motors:  Shall be greater than the maximum brake 
horsepower requirements of pumps at any point along its curve and 
under any condition of operation specified and indicated, and without 
operating in the motor service factor. 

c. Motor enclosure and motor speed:  TEFC and as indicated in the 
Process Pump Schedule. 

d. Provide motors for horizontal pumps with mounts for bolting to 
baseplate. 

e. In addition to the requirements for bearings specified under Electric 
Motors in Section 26 05 09 and 26 10 10, provide pump motors with 
ball or roller bearings.  Provide bearing with a minimum L-10 life of 
100,000 hours. 

f. Motor shall meet sound requirements according to NEMA MG 1 Part 9. 

g. Operate without overheating at the speeds specified and indicated. 

h. Service Factor:  The AFD drives and the motors shall not exceed 87% 
of their continuous rating duty, including service factor, at design flow 
and head for pumps CPS-03-HSP1-HSP-01001, CPS-03-HSP2-HSP-
02001, CPS-03-HSP3-HSP-03001, CPS-03-HSP4-HSP-04001, and 
non-overloading at all points along the curves. 

i. Premium efficiency with nominal and minimum efficiencies per NEMA 
MG1. 

j. Rating:  4160V, 3 PH, 60 Hz. 

k. Insulation:  Class F with Class B temperature rise, 40 degree C 
ambient. 

l. Site Altitude:  Less than 500 feet above sea level. 

m. Provide Inpro/Seal bearing isolators. 

n. Temperature and Vibration Monitoring System: Section 40 91 19 

2.3 EQUIPMENT 

A. Performance and Configuration Requirements: 

1. See Attachment Design Conditions at the end of this Section. 

2. Pumps CPS-03-HSP1-HSP-01001, CPS-03-HSP2-HSP-02001, CPS-03-
HSP3-HSP-03001, and CPS-03-HSP4-HSP-04001 shall be supplied with 
motor for design TDH and flow. 

3. Available NPSH at design flow is 40 ft. NPSH margin ratio shall not be less 
than 1.2 or a margin of 5 feet, whichever is greater, at design flow. 

2.4 ACCESSORIES 

A. Pump Foundation Pad 
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1. Structural Concrete and Grout: Structural concrete and grout shall be in 
accordance with Section 03 31 30 – Concrete Materials and Proportioning. 

2. chor Bolts: Anchor bolts shall be in accordance with pump manufacturer 
recommendations (number, length, depth, embedment, materials, etc) 
which shall be included in the pumping submittal.  Anchor bolts, nuts, and 
washers shall be furnished and shall be Type 316 stainless steel with anti 
galling compound.. 

B. Identification Plate: The pump, motor, and AFD shall each be furnished with a 
cast brass or stainless steel nameplate with embossed data, securely mounted 
to the body of the equipment.  See Division 26 for motor and AFD nameplate 
requirements.  As a minimum, the pump nameplate shall include the following 
information: 

1. Manufacturer's name and address 

2. Model Number 

3. Serial Number 

4. Unit Number (as designated on the drawing) 

5. Rated Head  

6. Rated Flow Capacity at Rated Head 

7. Direction of Rotation (Viewed from above) 

8. Speed in rpm (at 100% speed) 

9. Type and rating of recommended lubricants 

C. Provide 1” air release valve per Specification Section 40 50 35. 

D. Vibration Monitors:  Refer to Specification Section 40 91 19 for required 
vibration monitoring equipment for pumps including required sensors on pumps. 

2.5 FABRICATION 

A. Furnish casing to withstand 175 psig or 200 percent of maximum working 
pressure whichever is highest. 

B. Provide anti-friction type bearings rated for ABMA L-10 life of 100,000 HRS 
based on 24 HR continuous operation. 

C. Utilize oil lubrication. 

D. Furnish double suction impellers. 

E. Balance impellers per HI standards. 

F. Provide one-piece cast bearing housing with catch basin reservoir. 

G. Furnish baseplate with drip lip to mount motor and pump. 

H. Casing Rings: 
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1. Equip pump case with two case rings, one inboard and one outboard of 
impeller. 

2. Provide pin to lock each ring in place. 

I. Pump rotation to conform to piping arrangement shown on Drawings. 

J. Couplings: 

1. Flexible type. 

2. Secure coupling hubs to driver and driven shafts by set screw over the key. 

K. Suction and Discharge: 

1. Provide units with ANSI 125 or 250LB drilling and facing rated flanged 
suction and discharge nozzles as required.   

2.6 SOURCE QUALITY CONTROL 

A. Shop Assembly 

1. Prior to assembly, all pump casing halves and impeller casting shall be 
thoroughly examined and undergo ultrasound testing to ensure that are no 
holes or internal bubbles in the castings according to MSS SP-94.   

2. The pump, without coupling guard and motor, shall be completely pre-
assembled to the fullest extent possible in the shop to prove the design and 
construction, assure proper fitting of the parts, and for checking the 
correctness of clearances, tolerances and dimensions.   

3. The assembly may be disassembled only as necessary to facilitate shipping 
and installation requirements.  Parts shall be clearly marked before 
disassembly.  Markings must remain legible until re-erection in the field for 
parts, which are to be embedded, and be permanent on parts, which may 
be subject to disassembly during the lifetime of the equipment. 

4. Amply sized dowels shall be provided between all parts, which must be 
accurately relocated to each other in the field. 

5. The Contractor/pump manufacturer shall perform assembly checks and 
other such tests as may be required to demonstrate accuracy of 
workmanship, oil or water tightness, and satisfactory operation. 

B. Shop Painting 

1. Primer and Finish Paint:  Shop apply to all exterior ferrous surfaces, high 
solids epoxy in accordance with Section 09 91 00. 

2. Ferrous surfaces which are not to be painted shall be given a shop applied 
coat of grease or rust resistant coating. 

3. Provide additional shop paint coating for touch-up to all surfaces after 
installation and testing is completed and equipment accepted. 

4. Any interior coated surfaces in contact with water shall be NSF 61 
approved. 
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C. Shop Testing 

1. General 

a. All factory tests shall conform to the applicable requirements of the 
following standards: 

1) Hydraulic Institute Standards 

2) ASME Power Test Code PTC 8.2, Centrifugal Pumps. 

2. Acceptance Testing 

1)   Acceptance of pumps shall be according to the accepted 
tolerance as stated in ANSI/HI 14.6 for grade 1U at the rated flow, 
head, and RPM.. 

2) If pumps do not meet the tolerances specified, make adjustments 
as required and retest until the specified results are obtained. 

b. All instruments, meters and other measurement devices used during 
the tests and required by the applicable Standards shall be calibrated 
within 90 days of the tests.  Copies of certificates of calibration shall be 
submitted to the Owner's representative prior to witnessing of the tests. 

c. The flow meter used in the factory test shall have an overall accuracy of 
±1.5% of full-scale flow.  Overall accuracy shall include the primary flow 
element, flow signal transmitter and receiver. 

d. Motor shall be shop tested at the respective manufacturer factories in 
accordance with Division 26 requirements prior to shipping to the pump 
manufacturer for combined pumping unit witness testing. 

e. The Contractor shall give not less than ten days’ notice of the 
scheduled test date to the Owner and the Engineer. 

f. In the event that specified tests indicate that the pump and motor will 
not meet specifications, the Construction Manager has the right to 
require additional complete witnessed tests for all pumps, motors, and 
adjustable frequency drives at no additional cost to the Owner. 

g. Repeat tests until specified results are obtained. 

h. Correct or replace promptly all defects or defective equipment revealed 
by or noted during tests at no additional cost to the Owner. 

3. Fabrication Tests 

a. Impeller Balancing: The impeller shall be statically and dynamically 
balanced, and a balancing test report submitted to the Engineer before 
shipment.  Balancing shall be in accordance with Hydraulic Institute 
Standards and the minimum tolerance shall be in accordance with ISO 
1940, Balance Quality Grade G6.3. 

b. Shaft Run-Out Checks 
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1) Shaft run-out shall be checked at the coupling, seal, and impeller 
mounting locations while the shaft is supported in lubricated 
precision vee-blocks at the bearing journals.  Runout shall not 
exceed 0.003 inches t.i.r.(total indicator runout) 

2) The results of the run-out test shall be recorded on a shaft run-out 
inspection drawing, and the drawing forwarded for approval of the 
Engineer prior to shipment.  

c. Rotor Balancing: The assembled pump rotor shall be dynamically 
balanced, and a balancing test report submitted to the Engineer for 
approval prior to shipment. 

d. Hydrostatic Test: The pump manufacturer shall hydrostatically test the 
pump volute in accordance with requirements of the Hydraulic Institute 
Standards.  Test pump casings under a hydrostatic head of 150 percent 
of future shutoff heads.  Test casing with pump assembled. 

4. Performance Tests 

a. Guaranteed performance shall be demonstrated and witnessed by one 
representative designated by the Owner (2 persons) in the 
manufacturers test facilities at the rated design speed, flow, and TDH, 
and throughout the operating range, and other speeds as specified 
herein. This test to include actual job pump, motor and manufacturer’s 
AFD to be operated as a unit.  All travel cost and associated costs for 
the pump demonstration shall be provided by the pump supplier. 

b. The pump shall be tested with its specific project motor and 
manufacturer’s AFD at maximum (100%) speed, minimum speed, and 
at least two equally spaced middle speeds.   

c. Run pump at full speed rating point for 60 minutes prior to start of any 
testing. 

5. Full speed tests: 

1) Test pump at the conditions specified and indicated and take not 
less than seven operating points between shutoff and runout.  Test 
conditions must be at the conditions specified and indicated. 

2) Take readings to determine flow, differential pressure, rpm, 
horsepower, and efficiency. 

3) Operate pump for not less than one hour and take readings to 
determine that the pump will operate as specified and indicated 
without cavitation at the specified minimum head condition with not 
more than the specified NPSH available.  

4) The pump shall be tested over a range from shutoff head to the 
minimum head indicated in Paragraph 2.3.A.  The test shall indicate 
no detrimental performance characteristics over the operating head 
range indicated in Paragraph 2.3.A. 

6. Adjustable speed tests: 
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1) Conduct tests as specified above for full speed at reduced speeds 
except that tests for cavitation at runout are not required. 

2) Run one speed test at speed required to discharge the minimum 
rating point specified and indicated with one point of test at the 
minimum rating point. 

3) Run a second test at a speed approximately midway between full 
and minimum speed. 

4) Any additional test runs should be equally spaced between prior 
tests. 

D. Performance Test Results 

1. A test report for all performance tests containing raw test data, sample 
calculations, and plots of the test results with pump performance curves 
shall be prepared in accordance with the Hydraulic Institute Standards and 
as described herein and submitted to the Owner prior to shipping. 

2. The pump performance curve will be for one pump operation.  The pump 
curves for operation at different pump speeds shall be calculated from the 
test results.  Plot certified pump curve test results for operation at maximum 
speed, minimum speed, and at least two equally spaced speeds between.  
Calculate the remaining curves as needed from the test results to result in a 
total of seven (7) curves.  All curves are to be dated with the person doing 
the testing and an authorized person certifying the accuracy of the curve. 

3. Each curve shall extend from shut-off head to the point of minimum head.  
The manufacturer's recommended minimum and maximum operating points 
(operating range) shall be indicated on each curve.  The pump efficiency 
curves shall be plotted over the range of pump speeds. 

2.7 MAINTENANCE MATERIALS 

A. Extra Materials: 

1. Spare parts shall be identical in every aspect with the original parts.  Each 
part shall be securely tagged and clearly identified as "SPARE".  All spare 
parts shall be suitably packaged for long term storage.  Protect and store 
spare parts in location as directed by Owner’s Representative. 

2. Furnish Owner the following extra parts for each pump: 

a. One complete set of gaskets 

b. One split mechanical seal repair kit and restriction bushing for each 
pump with a mechanical seal 

c. One pair of shaft sleeves 

d. One set of wear rings 

3. For each set of pumps of the same size and performance 

a. One set of all special tools required. 

b. One set of lifting straps 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. General Requirements 

1. The existing field conditions shall be inspected by the Contractor as 
necessary to complete the Contract Work. Contractor is responsible for 
verifying all dimensions and locations of existing features that affect the 
work under this Contract. 

2. The Contractor shall install the equipment in accordance with the Contract 
Documents, construction schedule, accepted shop drawings, and 
manufacturer’s printed instructions, subject to the approval of the Engineer.  
Anchor bolts shall be set in accordance with the manufacturer’s 
recommendations and setting plans. 

3. The Contractor shall have an experienced and competent representative of 
the respective equipment manufacturer present to ensure that the work is 
done in a manner fully approved by the respective equipment manufacturer.  
The pump manufacturer’s representative shall specifically supervise the 
installation and alignment of the pump with the driver, the grouting, 
alignment of connecting piping, and installation of split-case mechanical 
seals.  If there are difficulties in the startup or operation of the equipment 
due to the manufacturer’s design or fabrication, additional service shall be 
provided at no cost to the Owner. 

4. The Contractor shall provide laser alignment reports prior to connecting 
suction and discharge piping, after piping connection but prior to grouting, 
and after grouting.   

5. Supervision: Adequate responsible and experienced field engineering 
personnel shall be assigned to furnish technical direction on erection 
procedures and the establishment of centerlines and work points.  The 
engineering personnel also shall check elevations, setting, fitting, 
tolerances, levels, and alignments and inspect all phases of the work to the 
satisfaction of the Engineer. 

6. Workmanship: Work shall be performed by artisans skilled in their trades.  
Workmanship and general finish shall be first class in accordance with 
specified requirements and best modem practice for the type of equipment 
concerned. 

7. Installation Certificate:  A certificate from each equipment manufacturer 
(pump, motor and AFD) shall be submitted, stating that the installation of 
his/her equipment is satisfactory, that the equipment is ready for operation, 
that all approved materials such as lubrication and packing have been 
provided in the required quantities, and that the operating personnel have 
been suitable instructed in the operation, lubrication, and care of each unit.  
Certificate must be submitted and on file with Construction Manager prior to 
field testing and startup of equipment.  
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B. Concrete Foundation  

1. The concrete foundation pad shall be installed in accordance with the 
design and construction drawings provided by the Contractor based on 
information provided by the selected pump manufacturer. 

2. Concrete foundation pedestals, leveling bolts and anchor bolts for the 
equipment shall be inspected to ensure their conformance with the 
drawings and specifications.  Top surface of the concrete pedestals shall be 
chipped clean and level, and the surface of bolts cleaned. 

3. The equipment base, chock blocks or spacers, bolts, nuts, jack screws, 
shims and other mounting items shall be cleaned of all dirt, debris, 
protective coating, and other foreign material. 

C. Pump Mounting, Alignment, and Grouting 

1. Set base on metal shims placed directly under the part of the base carrying 
the greatest weight and spaced close enough to provide uniform support.  
With the pump unit in place, the Contractor shall verify the installation to the 
satisfaction of the Construction Manager, through the use of dial indicators 
and precision levels that the motor and pump are level and the shaft 
couplings are aligned. 

2. Dowel pump and drive to baseplate after alignment in field to facilitate 
realignment after disassembly. 

3. Final Coupling Alignment: 

a. Perform only after base is installed and piping is connected and pump 
nozzle connections tested in accordance with field testing requirements. 

b. If realignment is required, piping must be disconnected prior to 
alignment.  After piping has been reconnected and alignment checked, 
connect coupling halves.  

4. The Contractor shall exercise care to insure that items of equipment 
attached to the pump suction and discharge are independently and properly 
supported so that no strain is transmitted to the pump casing. 

5. The use of cribbing jacking devices, hoists, slings, or other erection 
equipment shall be carefully supervised by the Contractor and 
manufacturers as required throughout the progress of installation.  
Particular care shall be exercised to protect machined surfaces. 

6. Before securing piping, the Contractor shall flush or clean the pump and 
piping to purge them of all foreign materials, and disinfect the pump and 
piping. 

7. When the pump unit installation is properly completed, bolted down, and the 
alignment finally checked, the pump and motor base plate areas between 
foundations and base plates shall be formed and prepared for grouting. 

a. Grout using high grade non-shrink grout.  Leave no gaps or voids.  Do 
not embed leveling nuts in grout. 
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b. Sufficient time shall be allowed for the grout to harden and develop 
strength before proceeding with further work on the equipment. 

c. Once the grout has hardened, the Contractor shall remove the grout 
forms and clean up the grout area. 

d. The grout shall be cured according to manufacturer's recommendation. 

e. Remove jack screws after the grout cures and plug the holes.  If jack 
screws cannot be removed, retract them ½” so that base plate rests on 
the grout, not the screws. 

f. After grout has cured, the alignment of the pumping unit shall be re-
checked. Any change in the alignment tolerance prior to grouting is to 
be noted and reported to the Engineer. The unit is to be realigned, if 
necessary, to the alignment tolerance recommended by the pump 
manufacturer. 

D. Engage a factory-authorized service representative to provide three full days of 
training for Owner’s personnel on the operation and maintenance of pump, 
motor, and AFD. 

3.2 FIELD QUALITY CONTROL 

A. General 

1. The Contractor shall perform field tests at appropriate stages during 
installation of the pumps, motors, adjustable frequency drives and all other 
appurtenant equipment in accordance with the requirements herein. 

2. The Contractor shall arrange for the pump manufacturer representative to 
be present during the field testing.  The representative shall check and 
approve the installation before the field testing begins.  The field 
representative shall be available until the pump has been successfully 
tested and accepted. 

3. The Contractor shall coordinate the field testing with the Owner operating 
personnel through the Construction Manager.  The Contractor shall notify 
the Construction Manager in writing at least 14 days in advance of any 
scheduled test. 

B. Operational Field Tests and Start-Up.  See Section 01 75 00 for additional 
requirements. 

1. Test piping connections to prove the pump nozzles are installed with the 
pipe in a free supported state and without need to apply vertical or 
horizontal pressure to align piping with pump nozzles.  This must be 
performed and the piping acceptable prior to any field performance testing. 

2. At least 14 days prior to Operational Field Tests, the Contractor shall 
request a coordination meeting with the Engineer and Owner operation 
personnel.  Owner will modify their normal operations to the maximum 
extent practical to allow for the full range of flow and pressure tests. 
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3. The purpose of the operational field tests shall be to establish that the 
pumping units (pump, motor, adjustable frequency drive and appurtenant 
equipment) perform in accordance with the Technical Specifications during 
start-up and shutdown without excessive vibration, noise, temperature rise, 
or other malfunctions. 

4. Field tests will not be conducted without an accepted procedure, calibration 
certificates for all testing equipment, gauges and flow meters, and 
manufacturer’s field service technician verification that all items are ready to 
be tested.  The testing shall be conducted by a qualified, third-party testing 
company.  The company must be approved by the Owner.  The Contractor 
shall submit sufficient information to the Owner to verify the qualifications of 
the proposed testing company. 

5. After installation of pumping equipment, and after inspection, operation, 
testing, and adjustments have been completed by the manufacturer’s field 
service technician, conduct running test for each pump in presence of the 
Construction Manager to determine its abilities to operate within the 
vibration and temperature limits specified, and to deliver its rated capacity 
under specified conditions. 

a. During tests, observe and record head, capacity, pump bearing 
housings and motor bearing temperature, noise, vibration, and motor 
inputs.  At a minimum, the following information shall be recorded at 20-
minute intervals: 

1) Pump unit speed (rpm) 

2) Pump unit vibration (mils or inches/second) 

3) Pump discharge pressure (psi) 

4) Power input to the AFD (KW) 

5) Bearing temperature (F) 

6) Stator Temperature (F) 

7) Flow meter reading  

b. Provide vibration signature test data and analysis for the pump and 
drive assembly including both “Bump Test” and X-Y vibration profiles 
and field torsional critical speed tests. 

1) Limit: ANSI/HI allowable limits. 

c. Bearing temperature:  Bearing temperature not to exceed 180 degrees 
F (or lower limit if recommended by manufacturer). 

d. Test duration:  The tests shall be conducted for a continuous period of 3 
hours minimum at each speed, or until bearing temperatures are 
constant for 3 consecutive readings (whichever is longer), at each 
condition specified and indicated. 

1) Maximum (100%) speed 

2) Minimum (60%) speed 
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3) At least two equally spaced speeds between minimum and 
maximum with both being at or above the minimum recommended 
pump capacity for the pump. 

6. Run each pump for four hours prior to taking temperature readings of the 
pumps, motors, and shafting. 

7. Immediately correct or replace all defects or defective equipment revealed 
or noted during tests at no additional cost to the Owner. 

8. Repeat tests until specified results are obtained. 

9. Contractor to provide all labor, piping, equipment, flow meters, and test 
gauges for conducting tests. Testing will be done by the approved, third-
party testing company. 

a. Contractor’s testing company shall provide calibrated test gauges for all 
permanently installed gauges and portable calibrated flow meters for all 
pumping systems even in those cases where permanent flow meters 
are installed. 

b. All calibrations must be within 30 days of the field testing. 

c. The testing will not be started and will not be accepted until the 
calibrated testing equipment stated above is operational and all 
certifications have been submitted. 

10. Make all adjustments necessary to place equipment in specified working 
order at time of above tests. 

C. Substantial Completion Acceptance 

1. If the field tests are satisfactory and the Engineer and the Owner accept the 
pump installation for beneficial operation, the Contractor shall turn over the 
operation of the pumping unit to the Owner. The pump will then be operated 
as a normal part of the facility. The Date of Substantial Completion for the 
pump tested will be established after 30 continuous days of operation 
without problems. 

2. If problems are experienced within 30 continuous days of operation, 
Contractor shall correct at no additional cost to Owner and 30 day test 
period shall start over. 

3. Remove and replace all equipment at no additional cost to the Owner with 
equipment that will meet the requirements specified and indicated if unable 
to demonstrate to the satisfaction of the Construction Manager that 
equipment will perform the service specified, indicated, and as submitted 
and accepted. 

END OF SECTION 
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ATTACHMENT – BOOSTER PUMP HEAD CONDITIONS 

 
DESIGN CONDITIONS 

 

Equipment 
Tag Type 

Drive 
Type 

Design 
Flow 
(gpm) 

Design 
TDH (ft) 

Min. 
Shut 
Off 

Head 
(ft) 

Max
RPM 

Max
HP 

Eff. 
(%) 

Min  
Runout 

MCSF at 
Reduced 
Speed at 
130’ TDH 

CPS-03-
HSP1-HSP-

01001 
HSC AFD 23,750 181 230 900 1500 85 

27,000 
gpm @ 

150’ 
10,500 

CPS-03-
HSP2-HSP-

02001 
HSC AFD 23,750 181 230 900 1500 85 

27,000 
gpm @ 

150’ 
10,500 

CPS-03-
HSP3-HSP-

03001 
HSC AFD 23,750 181 230 900 1500 85 

27,000 
gpm @ 

150’ 
10,500 

CPS-03-
HSP4-HSP-

04001 
HSC AFD 23,750 181 230 900 1500 85 

27,000 
gpm @ 

150’ 
10,500 

 
Note:   
 

1) Selected pumps shall have a size of 24”x30”.   

2) Pumps are required to have a minimum combined pump and motor 
moment of inertia of 3,900 lb-ft2 

 
MCSF = Minimum Continuous Stable Flow 
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HORIZONTAL SPLIT-CASE PUMPING UNITS SUBMITTAL DATA SHEET – 

TO BE SUPPLIED WITH BID 
 

Equipment Supplier:           
 
Submit the following data with Proposal for each size of Pumping Unit 

Pump No.            
    
Guaranteed Design Point 
1.  Design Flow           
 
2.  Design Head           
           
Pump Data 

1.  Make and Type Design          
 
2.  Rated Speed           
 
3.  Pump Material           
 
4.  Pump Casing Pressure Rating         
 
5.  Suction and Discharge Diameter                 

  
6.  Proposed Impeller Diameter and Material       
 
7.  Rated/Maximum Impeller Ratio        
 
8.  Shaft Diameter and Material         
 
9. Shutoff Head           
 
10. Minimum Continuous Flow         
 
11. Impeller Specific Speed          
 
12. Maximum Backspin Speed         
 
13. Suction Specific Speed          
 
14. Maximum Brake Horsepower         
 
15. NPSH Required at Rated Head        
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16. NPSH Required at Minimum Head        
Motor Data 

1.  Manufacturer and Type Design        
 
2.  Rated Brake Horsepower         
  
3.  Rated Full Load Speed          
 
4.  Full Load Efficiency          
 
5.  3/4 Load Efficiency          
 
6.  1/2 Load Efficiency          
 
7.  Full Load Power Factor (uncorrected)        
  
8.  3/4 Load Power Factor (uncorrected)        
 
9.  1/2 Load Power Factor (uncorrected)        
 
10. Winding Insulation Method         
 
11. Space Heater Size/Voltage         
 
12. Locked Rotor kVA/HP          
 
13. Frame Size           
 
14. Enclosure Type           
 
15. Full Load Amperes at Rated Voltage       
 
16. Locked Rotor Amperes (LRA) at Rated Voltage      
 
17. NEMA Starting Code Letter         
 
18. Service Factor       
 
19. Winding RTD Type and No.     
 
20. Motor Thermal Capacity Model for GESR469       
 
 
Variable Frequency Drive for Pump if Applicable 

1.  Manufacturer           
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2.  Model            
  
3.  Weight            
  
4.  Dimensions (L x W x H)          
 
5.  Horsepower Rating                    
 
6.  Amperage Rating          
 
7.  Voltage Rating           
 
Weights 

1.  Pump and Motor Base          
  
2.  Motor            
  
3.  Complete Unit           
 

Miscellaneous Information 

1.  Motor Factory Test Location (City, State, Country)                
 
2.  Pump Factory Test Location (City, State, Country)                
 
 

Note: Also attach or enclose with the Proposal additional description of all 
equipment offered as requested in the equipment specifications, including but not 
limited to the physical dimensions, characteristic curves and pertinent engineering 
data to permit easy review and evaluation by the ENGINEER and OWNER.  
 

END OF SECTION 
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SECTION 43 21 22 

PUMPING EQUIPMENT: SUBMERSIBLE NON-CLOG 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Submersible non-clog pumps 

a. Wet pit application for sump pumps present in the butterfly valve vaults. 
See Specification Section 33 32 13 for Package Sewer Pumping 
Station. 

B. Related Specification Sections include, but are not necessarily limited to: 

1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the 
Contract. 

2. Division 01 - General Requirements. 

3. Section 09 91 00 - Painting and Protective Coatings. 

4. Section 26 09 16 - Control Equipment Accessories. 

5. Section 26 24 19 - Motor Control Equipment. 

6. Section 26 28 00 - Low Voltage Overcurrent and Short Circuit Protective 
Devices. 

7. Section 40 97 00 - Control Auxiliaries. 

8. Section 40 98 00 - Control Panels and Enclosures. 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Referenced Standards: 

1. American Bearing Manufacturers Association (ABMA). 

2. American National Standards Institute (ANSI). 

3. ASTM International (ASTM): 

a. A48, Standard Specification for Gray Iron Castings. 

4. Hydraulic Institute (HI): 
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a. Standards for Centrifugal, Rotary and Reciprocating Pumps. 

5. National Electrical Manufacturers Association (NEMA): 

a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 

6. National Fire Protection Agency (NFPA): 

a. 70, National Electrical Code (NEC). 

7. Underwriters Laboratories, Inc. (UL). 

1.4 SYSTEM DESCRIPTION 

A. Provide single source coordination responsibility through the contractor and 
pump manufacturer for the entire system including, but not limited to the 
following: 

1. Pumps. 

2. Motors. 

3. 600 volt NEMA combination circuit breaker motor starters  

4. Instrumentation and controls. 

5. Electrical equipment. 

6. Lift station hardware and access doors (when identified in attachment). 

7. Winch. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 for requirements for the mechanics and 
administration of the submittal process. 

2. Source quality control test reports. 

3. For soft start and variable speed applications, submit: 

a. Critical speed and half critical speed data for each pump model. 

b. Certification that the pump manufacturer is bearing coordination 
responsibility for the pump(s) and AFD(s) and soft starter(s) for their 
specific application to avoid overheating and harmonic vibrations 
caused by rotational speed and carrier-frequency-induced rotational 
"cogging". 

c. Certified statement signed and sealed by a Professional Engineer 
licensed in the State of Texas that the ABMA L-10 bearing lives meet or 
exceed the specified requirements. 

B. Operation and Maintenance Manuals: 

1. See Specification Section 01 33 00 for requirements for: 

a. The mechanics and administration of the submittal process. 

b. The content of Operation and Maintenance Manuals. 
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PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
manufacturers are acceptable: 

1. Submersible non-clog pumps - wet pit applications: 

a. Xylem Goulds Model 3888D3 / WS20D3 Curve 

b. Approved Equal. 

2. Float-Tilt Type Level Switches: See Specification Section 40 91 10. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13. 

2.2 MATERIALS 

A. Wet Pit Applications: 

1. Pump case:  Cast iron, ASTM A48, Class 30. 

2. Motor housing:  Cast iron, ASTM A48, Class 25 or Class 30. 

3. Impeller:  Cast iron, ASTM A48, Class 30. 

4. Discharge elbow (when used): Grey cast iron, ASTM A48, class 30,  

5. Shaft: 

a. Stainless steel, ANSI, Series 300 or 400. 

b. Carbon steel C1035 is acceptable if not contacting pumped fluid. 

6. Wear rings:  Corrosion and wear resistant materials. 

7. O-rings:  Nitrile (Buna-N) or fluorocarbon (Viton). 

8. Fasteners:  Stainless steel. 

9. Guide rails:  Schedule 40 stainless steel. 

10. Lifting chains and cables:  Stainless steel. 

11. Lower ring seal:  Tungsten-carbide both faces. 

12. Upper ring seal:  Tungsten-carbide both faces or carbon and ceramic or 
carbon and Ni-resist. 

13. Seal metal parts:  Stainless steel. 

2.3 EQUIPMENT 

A. Performance and Configuration Requirements: 

1. See Attachment 
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2.4 COMPONENTS 

A. General: 

1. Provide pumps capable of handling raw, unscreened sewage or storm 
water as defined in attachment. 

2. Where watertight sealing is required, machine and fit mating surfaces with 
O-rings. 

3. Provide with heavy duty lift lugs or hoisting bail designed for lifting the entire 
pump and motor assembly. 

B. Impeller: 

1. Provide nonclog-type dynamically balanced impeller in accordance with HI 
standards. 

2. Provide impeller and volute wear rings as necessary to assure efficient 
sealing between volute and impeller. 

C. Shaft: 

1. Design pump shaft of sufficient size to transmit full driver output. 

2. Use shaft which is accurately machined and constructed with sufficient 
materials. 

3. Design shaft for a maximum deflection of 0.002 IN measured at the stuffing 
box. 

D. Shaft Seal: 

1. Seal shaft with double mechanical seal, or two independent, tandem 
mounted seals running in an oil filled chamber. 

2. Provide seals requiring neither routine maintenance nor adjustment, but 
capable of being easily inspected and replaced. 

3. Hold interface in contact by its own spring system. 

E. Bearings: 

1. Support shaft on upper and lower permanently lubricated bearings with a 
minimum ABMA L-10 life of 100,000 HRS. 

F. Motors: 

1. Provide pump with FM or UL listed motor designed for area classification 
shown on Drawings. 

2. Provide motor of totally submersible design, constructed with epoxy or poly-
seal encapsulated windings, air-filled or dielectric oil filled, with Class H 
insulation and rated for continuous duty operation. 

3. Motor shall be 3 PH, 60 cycle, 480 V. 

4. Assure motor is capable of running dry for extended periods without 
damage to motor or seal. 
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G. Power and Control Cables: 

1. Provide power cable and control cable to pump suitable for submersible 
applications in wastewater and indicate same by a code or legend 
permanently embossed on cables. 

2. Size cables in accordance with applicable NEC specifications. 

3. Provide single length power cable and control cable. 

4. Provide each cable with strain reliefs and cord grips as required for a 
secure installation. 

5. If required by area classification, explosion proof seal installed in 
accordance with NEC Article 500. 

H. Temperature Monitor: 

1. Furnish each phase of the motor with a temperature monitor embedded in 
the motor windings. 

2. Arrange controls so as to shut the pump down and sound alarm should any 
one of the monitors detect high temperature with manual reset once the 
stator temperature returns to normal. 

3. Set temperature of the temperature monitors at not higher than 90 percent 
of insulation temperature rating. 

4. Provide electrical probe as needed for detecting the presence of water in 
the seal chamber and motor housing. 

5. If water enters, the probe shall energize electrical circuit to shut down pump 
and sound alarm circuit for external alarm. 

I. Coatings: 

1. Wet pit applications:  Apply polyamidoamine epoxy system to the exterior of 
the pump casing and motor housing as specified in Specification Section 09 
91 00. 

2. Protect all metallic surfaces coming into contact with sewage except 
stainless steel and bronze by a corrosion-resistant coating. 

J. Wet Pit Applications: 

1. Provide sliding guide bracket integral to pump unit which properly aligns the 
pump discharge with the discharge connection elbow for watertight seal 
during pumping. 

2. Guide the entire weight of the pumping unit by guide rail(s). 

3. The guide rail(s) shall not support any portion of the weight of the pump. 

4. Provide chains or cable of sufficient strength to lift pumps from sump. 

5. Furnish guiding rail assembly and the discharge flange assembly of 
nonsparking components. 
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6. Design pump to allow for removal without entering the wet well and without 
removal of bolts, nuts or other fastenings. 

7. Provide pump unit connecting to discharge connection with a simple 
downward motion without rotation. 

8. Provide necessary sliding guide bracket and discharge connection which, 
when bolted to the floor of the sump and to the discharge line, will receive 
the pump discharge connecting flange without need of adjustment, 
fasteners, clamp, or similar devices. 

9. No portion of the pump shall bear directly on the floor or the wet well. 

2.5 ACCESSORIES 

A. Controls: 

a. Provide sealed float-type reed switches to control pumps and provide 
alarm signal.  

b. Materials: See Specification Section 40 91 10. 

c. Design and fabrication: 

1) Sealed reed switch in float. 

2) Provide switch complete with flexible electrical cables. 

3) DPST contact rated at 4.5 amp at 120 Vac. 

4) Direct acting float switch: 

a) Switch actuates on rising level. 

b) Switch deactuates when liquid falls 1 IN below actuation level. 

5) Terminate cables in local control panel. 

6) Install floats per manufacturer’s recommendations. 

2. Provide float with large radius top at electrical cable connection to assure 
trouble-free operation. 

3. Suspend floats on their own cable. 

4. Provide floats to operate at elevation shown on Drawings. 

5. Design floats to be field-adjustable. 

B. Control Panel: 

1. See specification sections: 26 09 16, 26 24 19, 26 28 00, 40 97 00, and 40 
98 00. 

2. Furnish and install locally wall-mounted automatic control panel at location 
shown on Drawings and rated for area classification. 

a. Installation of local control panel per Detail 00E502/1. 

3. Include combination motor circuit protector circuit breaker type controller 
with short circuit, electronic overload, interior-mounted motor starter(s), and 
transformer with disconnect and overload protection for control circuits. 
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4. Include a terminal board for connection of level floats. 

5. Provide the following features: 

a. NEMA 4X stainless steel watertight enclosure with continuous hinge, 
neoprene gasket in cover and continuous seam weld. Include three-
point locking mechanism complete with padlock. 

b. Exterior door of control panel shall have a dead front.  All selector 
switches and indicating devices shall be mounted on a swing-out panel 
installed inside control panel enclosure. 

c. Pushbuttons, selector switches, and/or indicating lights as shown on 
Drawings. 

d. Enclosure light fixture, LED, 18", 4000K frosted white, 850 lumens 
(min.). 

e. Condensation heater. 

f. Auxiliary contacts wired to terminal blocks. 

g. Inner door in cabinet-mounted on a continuous vertical steel hinge; size 
to completely cover wiring and components mounted on the back panel; 
provide for mounting of controls and instruments on inner door. 

C. Access Doors and Frames: 

1. Furnish size shown on Drawings. 

D. Winch 

1. Provide removable, portable hand operated winch and hoisting mechanism. 

2. Stainless steel construction. 

3. Gearing ratio as recommended by pump manufacturer. 

4. Provide lockable and run-away prevention devices. 

5. Provide and install permanent mounting base per manufacturer’s directions. 

2.6 SOURCE QUALITY CONTROL 

A. Secure from the pump manufacturer the following inspections and tests on each 
pump before shipment from factory: 

1. Check impeller, motor rating and electrical connections for compliance with 
Specification. 

2. Test motor and cable insulation for moisture content or insulation defects. 

3. Prior to submergence, run pump dry to establish correct rotation and 
mechanical integrity. 

4. Run pump for 30 minutes submerged, a minimum of 6 FT under water. 

5. After operational test #4, perform insulation test (#2) again. 

B. Factory test of head (FT) versus flow (gpm) for one pump of each service as 
specified. 
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PART 3 - EXECUTION 

3.1 ALLOWABLE VARIATIONS IN APPLICATION THICKNESSES OR FROM 
INSTALLATION 

A. For wet pit pumps, permanently install discharge connection elbow in wet well 
along with discharge piping. 

B. Seal pump cable end with a high-quality protective covering, to make it 
impervious to moisture or water seepage prior to electrical installation. 

3.2 START UP 

A. See Section 01 75 00. 

3.3 SCHEDULE 

A. See Attachment 

END OF SECTION 
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 ATTACHMENT 
 

1. Equipment tags: 01-SH-SP-02001 

a. FM Size: 4 inches 

b. Rated hp: 2 hp 

c. Rated Speed: 1750 rpm 

d. Design flow: 244 gpm 

e. Design TDH: 24 ft 

f. Minimum dead head: 43 ft 

g. Minimum run-out capacity: 365 gpm 

h. Service: Unscreened storm water 

i. No. of floats for pump control: 2 

j. Remote telemetering contacts: Pump Run, Pump Off 

k. Pump off level: 115.75’  

l. Pump on level: 117’ 

m. Pump alarm level: 120.50’ 

n. Voltage/Phase: 460/3 

o. Service Factor: 1.2 

p. Suction Size: 3 inches 

q. Discharge Size: 3 inches 

r. Location: 84” BFV Vault at Pump Suction Header 

 

2. Equipment tags: 05-GST1-SP-01001 and 05-GST2-SP-02001  

a. FM Size: 4 inches 

b. Rated hp: 2 hp 

c. Rated Speed: 1750 rpm 

d. Design flow: 280 gpm 

e. Design TDH: 20 ft 

f. Minimum dead head: 43 ft 

g. Minimum run-out capacity: 365 gpm 

h. Service: Unscreened storm water 

i. No. of floats for pump control: 2 

j. Remote telemetering contacts: Pump Run, Pump Off 

k. Pump off level: 119.00’  

l. Pump on level: 120.00’ 

m. Pump alarm level: 121.25’ 

n. Voltage/Phase: 460/3 

o. Service Factor: 1.2 
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p. Suction Size: 3 inches 

q. Discharge Size: 3 inches 

r. Location: 72” BFV Vault GST1 and 72” BFV Vault GST2  

 

END OF SECTION 
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SECTION 46 24 15 

CHEMICAL PIPING, VALVES, AND APPURTENANCES 

PART 1 - GENERAL 

 SUMMARY 

A. This Section includes chemical piping related to chemical sodium hypochlorite 
(CLO), liquid ammonium sulfate (LAS), and service water feed and supply 
systems. 

 MEASUREMENT AND PAYMENT 

A. No separate payment for Work performed under this Section. Include cost of 
same in Contract price bid for Work of which this is a component part. 

 REFERENCES 

A. This specification references the following publications in their current editions.  
The publications listed below form a part of this specification to the extent 
referenced.  The publications are referred to in the text by basic designation 
only. 

1. ASTM A53/A53M:  Standard Specification for Pipe, Steel, Black and Hot-
Dipped, Zinc-Coated, Welded, and Seamless 

2. ASTM A105/A105M:  Standard Specification for Carbon Steel Forgings for 
Piping Applications 

3. ASTM A106/A106M:  Standard Specification for Seamless Carbon Steel 
Pipe for High - Temperature Service 

4. ASTM A182/A182M:  Standard Specification for Forged or Rolled Alloy and 
Stainless Steel Pipe Flanges, Forged Fittings, and Valves and Parts for 
High-Temperature Service  

5. ASTM A216/A216M:  Standard Specification for Steel Castings, Carbon, 
Suitable for Fusion Welding for High Temperature Service 

6. ASTM A312/A312M:  Standard Specification for Seamless, Welded, and 
Heavily Cold Worked Austenitic Stainless Steel Pipes 

7. ASTM A403/A403M:  Standard Specification for Wrought Austenitic 
Stainless Steel Piping Fittings 

8. ASTM D1784:  Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) 
Compounds and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds 

9. ASTM D1785: Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic 
Pipe, Schedules 40, 80, and 120 

10. ASTM D2467: Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 80 

http://linkmanager.ihs.com/LinkManagerService/LKMLink.aspx?LinkRefName=ASTM+A+105%2fA+105M&RefGroupId=31
http://linkmanager.ihs.com/LinkManagerService/LKMLink.aspx?LinkRefName=ASTM+A216%2fA216M&RefGroupId=31
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11. ASTM D2665:  Standard Specification for Poly (Vinyl Chloride) (PVC) 
Plastic Drain, Waste, and Vent Pipe and Fittings 

12. ASME Boiler and Pressure Vessel Code (BPVC) Section VIII, Division 1: 
Rules for Construction of Pressure Vessels 

13. ASME B16.5:  Pipe Flanges and Flanged Fittings NPS 1/2 Through NPS 24 
Metric/Inch Standard 

14. ASME B16.11: Forged Fittings, Socket-Welding and Threaded 

15. ASME B31.3:  Process Piping 

16. ASME B36.10M:  Welded and Seamless Wrought Steel Pipe 

17. ASME B36.19:  Stainless Steel Pipe 

18. AWWA C900:  Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated 
Fittings, 4 In.; Through 60 In. (100 mm Through 1,500 mm) 

19. The Chlorine Institute, Inc.: 

a. Pamphlet 6:  Piping Systems for Dry Chlorine 

b. Pamphlet 96:  Sodium Hypochlorite Manual 

20. ISO 9001: Quality Management Systems – Requirements 

 SUBMITTALS 

A. Submit the following in accordance with Section 01 33 00 Submittals: 

1. Certified shop and working drawings 

2. Operating and maintenance instructions 

3. Shop drawings details for accessory items 

4. Recommendations for short and long term storage 

5. Sales bulletins or other general publications are not acceptable as 
submittals for review except where necessary to provide supplemental 
technical data 

6. ISO 9001 certification or other quality control manual demonstrating a 
complete system for quality management 

7. Material Certification: 

a. Provide certification from the Manufacturer that the materials of 
construction specified are recommended and suitable for the service 
conditions specified and indicated. 

http://linkmanager.ihs.com/LinkManagerService/LKMLink.aspx?LinkRefName=ASME+SECTION+VIII+D1&RefGroupId=31
http://linkmanager.ihs.com/LinkManagerService/LKMLink.aspx?LinkRefName=ASME+B16.5&RefGroupId=31
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b. If materials other than those specified are proposed based on 
incompatibility with the service conditions, provide technical data and 
certification that the proposed materials are recommended and suitable 
for the service conditions specified and indicated including an 
installation list of a minimum of five (5) installations in operation for a 
minimum of three (3) years.  Provide proposed materials at no 
additional cost to the Owner. 

c. Where materials are not specified, provide technical data and 
certification that the proposed materials are recommended and suitable 
for the service conditions specified and indicated. 

8. Certified results of factory tests 

 RELATED REQUIREMENTS 

A. The following related requirements are as applicable and as indicated as part of 
these Contract Specifications. 

1. Section 01 33 00 – “Submittals” 

2. Section 01 43 00 – "Contractor’s Quality Control” 

3. Section 33 05 05 – “Hydrostatic Testing of Water Lines” 

4. Section 40 05 13 – “Pipe and Pipe Fittings: Basic Requirements” 

5. Section 40 91 10 – “Primary Elements and Transmitters” 

6. Section 46 75 05 – “Multi-Parameter Analyzer Systems” 

7. Section 46 75 06 – “In-line Circulator Pumps” 

B. The piping and fittings specified herein shall meet and/or exceed the industry 
standards and requirements as set forth by the American Society for Testing 
and Materials (ASTM) and the National Sanitation Foundation (NSF).  The 
piping and fittings shall carry the NSF seal of approval for potable water 
applications, from an organization accredited by ANSI. 

 QUALITY ASSURANCE 

A. Comply with the requirements specified in Section 01 43 00 – Contractor’s 
Quality Control. 

B. Do work required by and in accordance with applicable State (Provincial) and 
local codes; arrange for permits, inspections and tests required by these codes. 

C. Provide components to Manufacturer's standard for service intended unless 
otherwise required. 

 DELIVERY, STORAGE AND HANDLING 

A. During loading, transportation and unloading, prevent damage to pipes and 
coatings.  Load and unload each pipe under control at all times.  Under no 
circumstances shall a dropped pipe be used unless inspected and accepted by 
the Project Manager.  Place skids or blocks under each pipe in the shop and 
securely wedge pipe during transportation to protect pipe, lining, and coating. 
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PART 2 - PRODUCTS 

 MANUFACTURER(S) 

A. Valves (PVC) 

1. Eccentric Plug Valve (DI): 

a. Dezurik 

b. Milliken 

c. Val-Matic 

d. Or Approved Equal 

2. Ball Valves (PVC/CPVC): 

a. Hayward True Union PVC Ball Valves 

b. Chemtrol True Union PVC Ball Valves 

c. Or Approved Equal 

3. Ball Check Valves (PVC/CPVC): 

a. Hayward True Union PVC Ball Check Valves 

b. Chemtrol True Union PVC Ball Check Valves 

c. Or Approved Equal 

4. Degassing Valves (PVC/CPVC): 

a. Accu-Vent 

b. Plast-o-Matic 

c. Or Approved Equal 

5. Pressure Relief Valve (PVC/CPVC): 

a. Hayward 

b. Or Approved Equal 

6. Back Pressure Valve (PVC/CPVC): 

a. As recommended by equipment manufacturer to match equipment and 
system requirements 

7. Basket and Y-Strainers (PVC/CPVC): 

b. As recommended by equipment manufacturer to match equipment and 
system requirements 

8. Calibration Column (PVC/CPVC): 

a. As recommended by equipment manufacturer to match equipment and 
system requirements 

9. Electric Actuators (PVC/CPVC Ball Valves): 

a. Hayward Industries, Inc.  

b. Or Approved Equal 

B. Chemical Tubing and Fittings 
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1. New Age Industries 

2. Nalgene, Inc. 

3. Norton Company 

4. Or Approved Equal 

C. Service Water System - Hose, Hose Fittings, and Accessories 

1. Hose Products 

a. Goodyear Rubber Company 

b. B. F. Goodrich. 

c. Uniroyal Rubber Company 

d. Or Approved Equal 

2. Fittings: 

a. Dover Corporation, OPW Division 

b. American Packing and Gasket Company 

c. Or Approved Equal 

 MATERIALS AND/OR EQUIPMENT 

A. Valves and Strainers 

1. Valve components shall be compatible to the service they are being used, 
with components chemically resistant to the chemical being conveyed in the 
piping. 

2. Whip to manifold valves are standard Chlorine Institute (CI) valves 

3. Whip to cylinder (container) valves are standard Chlorine Institute (CI) 
valves 

4. Eccentric Plug Valves: 

a. Type: Non-lubricated, eccentric. 

b. Body Working Pressure:  

1) Cast Iron, ASTM A126 Class B or Ductile Iron, ASTM A536, Grade 
64-45-12.   

a) Valves 4-inch through 12-inch: 175 psi. 

c. Ends: 

1) Buried Valves: Mechanical joint 

d. Valve Ports:   

1) Provide rectangular ported valves, circular ports are not acceptable. 

2) Valves 20-inch and smaller: 

Not less than 80 percent of pipe area.   

3) All valves100% port. Port size: minimum 83 percent. 

e. Valve Seats: 
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1) Coat plug with seat material specified. Bolted systems are not 
acceptable. 

a) Seat Material: Buna-N synthetic rubber 

2) Provide valves with one piece coated plugs with mating seats of 90 
percent, minimum, pure nickel 1/8-inch welded into the body of 
valves. 

3) Provide valves with seats clamped to valve with mating seat of 90 
percent, minimum, pure nickel welded to the valve body. 

f. Upper and Lower Plug Journal Bearings: 

1) Removable, permanently lubricated stainless steel bushings for 
valves 20-inch and smaller. 

2) Bronze bearings with Type 316 stainless steel bushings for valves 
24-inch and larger. 

3) Provide grit seals for upper and lower plug shafts for all valves. 

g. Stem Seals: 

1) Adjustable multiple V-packing.   

2) Replaceable and adjustable without valve disassembly. 

3) Provide valves with two sets of packing rated for vacuum service 
for all pump suction isolation service and for services where a 
vacuum is specified and indicated. 

h. Operators: 

1) Above-grade valves shall have worm gear handwheel operators.  
Operators shall clearly indicate valve position.  Below-grade valves 
shall have operating nut extending to grade within a valve box.  
Operators on valves in submerged or buried service shall be 
lubricated and sealed to prevent entry of dirt and water into the 
operator.   

i. Shop Testing: 

1) Provide all plug valves tested and certified bubble tight in both 
directions at the full rated working pressure as specified herein. 

j. Shop Painting: 

1) Provide epoxy painting in accordance with technical specification 
09 91 00 – “Painting and Protective Coating.” 

5. Ball Valves: 

a. PVC/CPVC Body: Cell Class 12454 per ASTM D1784 

b. True union type 

c. Full port design through 4” 

d. Reversible PTFE seats 

e. Double O-Ring Seals 

f. NST/ANSI 61 listed (2 ½” – 4”) 
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g. Actuator ready design 

h. End Connection 

1) Greater than 4” shall be flanged 

2) 4” and below shall be threaded or flanged as shown on Drawings 

i. Pressure Rating 

1) 4” and below – 235 psi at 70oF Non-Shock 

2) Greater than 4” – 150 psi at 70oF Non-Shock 

j. Seals 

1) EPDM – Sodium Hypochlorite (Bleach) Service 

2) EPDM – Liquid Ammonium Sulfate (LAS) Service  

6. Ball Check Valves: 

a. PVC/CPVC Body: Cell Class 12454 per ASTM D1784 

b. True union type 

c. For horizontal or vertical installation 

d. Square cut seat for positive sealing 

e. Seat with minimum back pressure 

f. O-Ring Seals 

g. NST/ANSI 61 listed (2 ½” – 4”) 

h. End Connection 

1) Greater than 4” shall be flanged 

2) 4” and below shall be threaded or flanged as shown on Drawings 

i. Pressure Rating 

1) 4” and below – 235 psi at 70oF Non-Shock 

2) Greater than 4” – 150 psi at 70oF Non-Shock 

7. Degassing Valves: 

a. PVC/CPVC Body: Provide automatic degassing valves designed to 
automatically vent gases and vapors that are commonly released from 
chemicals such as Sodium Hypochlorite. 

b. CPVC corrosion-resistant wetted materials of construction. 

8. Pressure Relief Valve: 

a. Valve Body:  PVC or CPVC 

b. Diaphragm: PTFE/EPDM 

c. Pressure Range: 10-150 psi  

d. True Union type 

9. Back Pressure Valve: 

a. Valve Body:  PVC or CPVC 

b. Diaphragm: PTFE/EPDM 

c. Pressure Range: 10-150 psi  
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10. Basket and Y-Strainers: 

a. Service Conditions: 

1) Provide strainers suitable for the chemical service as indicated in 
the equipment schedules. 

2) Provide size and type, simplex and duplex, as indicated.   

b. Materials: 

1) Body and Cover: CPVC 

2) Valves for duplex strainers:  CPVC 

3) O-rings:  EPDM or suitable for the service specified and indicated. 

4) Baskets: CPVC with 1/16-inch (1.58 mm) perforations 

c. Covers: Threaded with hand operable vent 

d. Body: 

Provide with and operable drain 

e. Provide with integral flat mounting base 

f. Ball Valves for duplex strainers: 

Provide a 3-way ball valve at the inlet and outlet, mechanically 
connected with true-union connections. 

g. Pressure Rating: 150 psi (1,050 kPa) 

h. End Connections: Flanged 150 psi ANSI (Class 150) standard 

i. Duplex Strainer Configuration:  Provide configuration as indicated 

11. Calibration Column (PVC/CPVC): 

a. Clear PVC/CPVC Body. 

b. Graduation in both GPH and MLS. 

c. Provide and route vent lines and isolation valves as shown on the 
Drawings. 

12. Identification of Valves 

a. Each shut off or control valve, except those on equipment, shall be 
provided with a 1 1/2 inch minimum diameter heavy brass tag.  Tags 
shall bear the identifying number of the valve as indicated on the 
Drawings and, when shown, one or more identifying letter symbols of 
the service line. 

b. Numbers and letters shall be block type with 1/2 inch high numbers and 
1/4 inch high letters stamped on the tags and filled with black enamel.  
Where necessary to operate more than one valve to control a section of 
piping, the numbers of the other valves shall be stamped on the tag in 
1/8 inch high block numbers and letters filled with black enamel. 

c. Attach tags to the valves by split key rings soldered so that the ring and 
tag cannot be removed. 
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d. Furnish a neatly typed valve directory listing each valve number and its 
location.  Submit the directory to Project Manager for approval.  After 
approval, deliver 6 copies to the Owner. 

13. Electric Actuators (PVC/CPVC Ball Valves) 

a. Provide electric-operated drive units on chemical PVC/CPVC ball 
valves as indicated. 

b. Drive Units: 

1) Provide each electric-operated drive unit complete with motor, 
gearing, manual over-ride, position limiting and indicating device 
contacts, drive coupling, integral motor controls, integral position 
indicator, and field-device network communication equipment. 

2) Enclose in NEMA 4X housing, including motor, gearing, 
mechanism, hand-wheel mechanism, position limiting device 
contacts, lubricants, heating elements, wiring and terminal facilities. 

3) Gearing: 

Design for 100 percent overload, permanently lubricated, and 
effectively sealed against entrance of foreign matter. 

4) Manual Operators: 

Provide manual operation of the actuator.  Provide integral de-
clutch mechanism that instantly disengages when drive unit is 
energized.  Prevent drive unit rotor from turning during manual 
operation.  Provide de-clutch lever to shift unit into manual 
operation. 

5) Size according to the individual valve’s torque requirements with a 
safety factor of 1.5 

c. Motors: 

1) Provide motor specifically designed for actuator service. 

a) Type: Induction, UL Listed. 

b) Protection: Thermal switches imbedded in the motor windings. 

c) Operation:  Reversing with cycle time 5-45 seconds. 

d) Operating Power: 120 volt, single-phase, 60 Hz. 

2) Provide extended duty motors made expressly for valve control 
service and capable of operating the valve without overheating. 

3) Provide permanently lubricated bearings. 

4) Position Limiting:  

a) Provide devices to limit actuator operation at each end of travel. 

b) Provide independent adjustment provisions for each travel limit.  

c) Provide position limit contacts for control and indication of the 
actuator at each end of travel.  Maintain interlocks and remote 
indication contact position upon loss of actuator power supply. 
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5) Provide mechanical methods to prevent moisture ingress; or 
provide space-heating elements rated for 120-volt AC operation 
and sized to prevent condensation in the motor and control 
compartment. 

6) Provide terminal facilities for connection to motor leads, switches 
and heating elements. 

7) Visual Position Indicators:  Provide position indication 

B. Pipe and Fittings 

1. General: 

a. Use PVC compounds in manufacture of pipe that contain no ingredient 
in amount that has been demonstrated to migrate into water in 
quantities considered to be toxic. 

b. Pipe support to be continuous and installed to avoid sagging.  Supports 
shall be suitable for size and location of pipeline.  Refer to Section 40 
05 16 for types of supports to be used. 

c. Thread Lubricant, when used, shall be as recommended by 
Manufacturer of pipe and fittings.  Seal joints with Teflon tape. 

d. Pipe for drains, water or vents shall be Schedule 80, normal impact 
pipe made of rigid unplasticized virgin polyvinyl chloride per ASTM 
D2665.  Fittings of same material and of solvent-weld type. 

2. Liquid Ammonium Sulfate (LAS) Service 

Materials and piping covered in this Section are applicable for LAS 
disinfection systems. 

a. General: 

1) Cold bending of pipe is NOT ACCEPTABLE 

2) Piping passing through walls or floors of LAS storage area and LAS 
feed room caulked gas tight as specified for plumbing work.  

3) Piping passing through rooms other than the LAS storage area and 
feed room are to use double containment piping as called out on 
the Drawings. 

4) Use double containment piping for all buried LAS piping. 

5) Insulate all exterior piping. See Specification Section 40 42 00. 

6) Arrange piping at the points of application as indicated on 
Drawings.  Sizes and capacities not specified herein are indicated 
on Drawings. 

7) Terminate ammonia vent lines outdoors away from personnel 
access areas.  Vents containing pockets or extending more than 25 
feet (7.62 m) above ammonia feeder are NOT ACCEPTABLE. 

b. Piping and Fittings: 

1) Schedule 80 PVC per ASTM D1785 
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2) Schedule 80 PVC piping and fittings rated for a minimum pressure 
of 400 psig at 73ºF 

3) Solvent weld all joints except those as described in Paragraph 
2.02.B.2.c 

c. Threaded joints at transitions to equipment with Teflon tape joining 
material  

3. Sodium Hypochlorite (CLO)  

Materials and piping covered in this Section are applicable for disinfection 
systems. 

a. General 

1) Piping systems are to meet the guidelines in Chlorine Institute 
Pamphlet 6 and pamphlet 96 

2) Cold bending of pipe is NOT ACCEPTABLE 

3) Piping passing through walls or floors of chlorine storage area and 
chlorinator feed room are to be caulked gas tight as specified for 
plumbing work. 

4) Piping passing through rooms other than the chlorine storage area 
and feed room are to use double containment piping as called out 
on the Drawings. 

5) Use double containment piping for all buried CLO piping. 

6) Insulate all exterior piping. See Specification Section 40 42 00. 

7) Arrange piping at the points of application as indicated on 
Drawings.  Sizes and capacities not specified herein are indicated 
on Drawings. 

8) Terminate chlorine vent lines outdoors away from personnel access 
areas.  Vents containing pockets or extending more than 25 feet 
(7.62 m) above chlorine feeder are NOT ACCEPTABLE. 

b. Piping and Fittings:   

1) Schedule 80 CPVC per ASTM F441 

2) Schedule 80 CPVC piping and fittings rated for a minimum 
pressure of 400 psig at 73ºF 

3) Solvent weld all joints except those as described in Paragraph 
2.02.B.3.c. 

c. Threaded joints at transitions to equipment with Teflon tape joining 
material 

d. Liquid chlorine under pressure: 

1) Schedule 80 seamless steel pipe per ASTM A106/A106M Grade B, 
seamless, per ASME B36.10 

2) Conform to ASTM A53/A53M 

3) Manifold at ton containers mounted on protecting angle-iron 
support frame. 
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4) Manufacturer's standard whips 

e. Fittings and Joints 

1) All joints less than 2” are to be threaded.  Joints from 2” to 4” are to 
be threaded or flanged.  Joints greater than 4” are to be flanged. 

2) 3,000-lb. forged carbon steel fittings per ASTM A105/A105M, Class 
3,000 forged steel threaded to meet ASME B16.11 

3) 300-lb. forged carbon steel flanges per ASTM A105/A105M, Class 
300 forged steel raised-face or tongue and-groove, threaded to 
meet ASME B16.5 or Schedule 80 seamless butt weld fittings for 
pipe larger than 1-1/2-inch (40 mm) in size 

4) Unions: ASTM A105/A105M Class 3,000 forged steel lug nut 
unions; threaded type flanges unions with O-rings appropriate to 
the type of service.  Ground joint unions are NOT ACCEPTABLE. 

5) Use Teflon tape mixture of linseed oil and white lead or mixture of 
linseed oil and graphite on male threads where screwed fittings 
required 

6) Flange gaskets for chlorine of lead containing 3 percent antimony 

7) 1/16-inch (1.6 mm) thick gaskets for pipe smaller than 2-inch (50 
mm) 

8) 1/8-inch (3 mm) thick gaskets for pipe 2-inch (50 mm) and larger 

C. Chemical Tubing and Fittings: 

1. Provide tubing that is suitable for suction and discharge application. 

2. Tubing to allow tight compression fittings for leak proof connections 

3. Provide braided reinforced flexible tubing resistant to the chemical specified 

4. Provide no flow restriction compression fittings when connecting pieces is 
required. 

5. Provide transition connections as detailed on the Drawings 

6. Materials: 

a. Tube:  FEP or Teflon with cross linked polyethylene backing 

b. Reinforcement:  Synthetic textile with steel helix 

c. Cover:  EPDM 

7. Sizes: 

a. 3/4-inch (19 mm) through 2 inch (50 mm):  200 psi (1,400 kPa) 

b. 2.5 and 3 inch (65 and 75 mm):  150 psi (1,050 kPa) 

c. 4 inch (100 mm) 125 psi (875 kPa) 

d. 3/4 inch (19 mm) through 4 inch (100 mm):  30 in Hg (760 mm Hg) 
vacuum 

8. Coupling: 
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Provide type and materials as recommended by the hose manufacturer for 
the service conditions specified and indicated. 

D. Service Water System - Hose, Hose Fittings, and Accessories 

Materials and equipment covered in this Section are applicable to water lines 
utilized within the site for various purposes, such as dilution water line for 
chemical processes and hose bibs. 

1. Hose: 

Rubber tube and cover; ¾ inch diameter 2-ply water hose, 200 psi 
working pressure, 50 foot lengths 

2. Fittings: 

For each ¾ inch diameter hose, standard bronze male and female 
garden hose couplings; one heavy-duty bronze adjustable hose nozzle. 

3. Gaskets: 

Natural or Buna-N rubber 

4. Hose Racks:  

Heavyweight galvanized steel, semicircular wall mounted, capacity one 
hose length 

5. Polyvinyl chloride hose shall be a clear, flexible, abrasion resistant 
extrusion with clear rigid reinforcement.  The hose shall have a smooth 
bore, convoluted cover, and be suitable for use with liquid or other 
chemicals as required. 

E. Pressure Gauges and Switches 

1. Pressure Gauges 

a. Install with header type isolation valves of suitable material 

b. Diaphragm type 

c. Silver or tantalum diaphragms 

d. Fluorocarbon oil filling 

2. Pressure Switches 

a. Install as indicated on Drawings 

b. Diaphragm seal to protect activating elements 

c. Normally open contacts with field adjustable closure setting 

d. Wired to alarm high gas pressure in manifold 

e. See Section 40 91 10 – “Primary Elements and Transmitters” for more 
detailed information related to pressure switches. 
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PART 3 - EXECUTION 

 INSTALLATION AND CONSTRUCTION 

A. Install all equipment and connecting piping in accordance with Manufacturer’s 
instructions and as indicated. 

B. Prior to testing and start-up, inspect the installation to verify the system is ready 
for complete testing and calibration of equipment. 

C. Install pipelines parallel to building walls wherever possible.  Install piping to 
lines and grades indicated and support.  Where supports are used, provide 
supports as specified in Section 40 05 16 – “Pipe Support System” to prevent 
shifting or distortion of pipe. Provide for expansion. 

D. Slope piping toward low points and provide for draining at low points 

E. Before assembly, remove debris from inside pipes and fittings 

F. Support piping laid in trenches in trench on bed of selected backfill material 
which maintains desired line and grade. 

 REPAIR / RESTORATION 

A. Field Touch-Up Painting 

B. After installation and acceptance testing by the Project Manager, apply touch-
up paint to all scratched, abraded and damaged shop painted surfaces. Coating 
type and color shall match shop painting. 

 CLEANING 

A. All new chemical piping systems must be cleaned and dried prior to being 
tested and put in service.  Since the chemicals conveyed in the piping can react 
violently with water and organic compounds such as oil, grease, solvents, 
alcohols, hydrocarbons and other foreign materials, procedures for cleaning the 
piping must focus on completely removing all residues.  Once cleaning is 
complete, the piping must dried thoroughly before being put in service. 

B. A written procedure must be developed based on the type of chemicals being 
conveyed and the system being cleaned and dried.  This procedure should 
include methods for verifying that the cleaning and drying has met the 
requirements established for the system being cleaned. 

C. Reference sources for developing procedures and guidelines for cleaning 
chemical piping systems are the specific Chlorine Institute pamphlet covering 
the chemicals being conveyed in the system. 

D. Procedures should be in compliance with all federal, state and local regulations. 

E. Manufacturer’s recommendations of the cleaning product and the equipment to 
be cleaned should be followed when possible. 

F. Work to be done in accordance with Chlorine Institute pamphlets. 

G. Methodology:  
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1. Clean by pulling through each length of pipe a lint-free cloth saturated with 
trichloroethylene or other suitable chlorinated solvent. 

2. Do not contact any plastic pipe or equipment with solvent. 

3. Hydrocarbons or alcohols are NOT ACCEPTABLE because residual 
solvent may react with ammonia. 

4. Dismantle and clean new valves and other equipment before use.  If valve 
packing is oily or dirty, repack valves with Manufacturer's recommended 
packing or Teflon. 

5. Test valves with clean, dry 300 psi (2.1 MPa) air for seat tightness as 
specified hereinbefore. 

H. Chlorinated solvents can produce very serious physiological effects unless used 
in strictest compliance with the solvent Manufacturer's safety recommendations.  
Instruct workmen in the proper use, disposal and handling of these solvents. 

 TESTING AND INSPECTION 

A. After installation, and in presence of the Project Manager, test all pipelines for 
tightness in acceptable manner.  Furnish suitable testing plugs or caps, all 
necessary pipe connections, test fluids, gages, other equipment and all labor 
required for these tests. 

B. Remove or valve off from lines all instrumentation and appurtenant equipment 
which is incapable of withstanding the test pressures. 

C. Chemicals needed for testing will be supplied by the Owner. 

D. Pressure Testing: 

1. Hydrostatically test all PVC liquid chemical and solution piping with water to 
a pressure of 100 psig (690 kPa) according to Section 33 05 05 – 
Hydrostatic Testing of Pipelines and requirements of the applicable 
Chlorine Institute Pamphlet covering the chemical being conveyed in the 
lines. 

2. No leakage is allowed 

3. Prior to test, remove or isolate solution rotameters and any other devices or 
valves which may be incapable of withstanding test pressures. 

4. Piping systems shall be held at test pressure for a minimum of eight (8) 
hours unless otherwise noted on Drawings, Contract Documents or by the 
Authority’s representative. 

5. After testing, all moisture absorbing gaskets and packing shall be replaced. 

6. Once testing is complete, thoroughly dry the system before testing for leaks 
and placing system into service.  System can be dried by introduction of a 
dry nitrogen or dry air purge.  Heating the gas being used to purge the 
system will aid in the drying process.  See applicable Chlorine Institute 
pamphlets for more information. 
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E. Test for chemical leaks: 

1. Leak testing should occur once the piping system is completely assembled, 
cleaned, and dried. 

2. The purpose of testing for leaks is to ensure that all connections and 
components will not leak chemicals when the lines are pressurized. 

3. Testing for leaks is not a substitute for pressure testing of the system. 

4. See applicable Chlorine Institute pamphlets for more information on 
guidelines for leak testing of the chemicals being conveyed in the piping. 

F. Clean and repair to the satisfaction of the Project Manager, or replace all 
equipment or property damaged by testing procedures at no additional cost to 
the Owner. 

END OF SECTION 
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SECTION 46 33 11 

SODIUM HYPOCHLORITE CHLORINATION (CLO) FEED EQUIPMENT SYSTEM 

 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Provide all labor, materials, equipment and incidentals required and install, test 
and place in satisfactory operation peristaltic pumps for Sodium Hypochlorite 
(CLO) disinfection system equipped complete, as shown on the Drawings and 
as specified herein. The work of this section includes, not is not limited to, 
providing individual skid mounted peristaltic chemical feed pump with 
accessories for the application of each chemical as described herein and shown 
on the drawings. All necessary and desirable accessory equipment and 
auxiliaries whether specifically mentioned in this section or not shall be 
furnished and installed as required for an installation incorporating the highest 
standards for this type of service. 

B. Chemical feed equipment system shall be designed, coordinated and supplied 
by a competent SYSTEM INTERGRATOR. The SYSTEM INTEGRATOR shall 
be regularly in the business of designing and assembling liquid chemical feed 
systems for water treatment plant projects. The SYSTEM INTEGRATOR shall 
be responsible for ensuring that a complete functioning system is supplied for 
the chemical feed system. The SYSTEM INTEGRATOR shall be responsible for 
coordinating and mounting all equipment, piping, valves and appurtenances 
with enough clearance for operation and maintenance of the Chemical Feed 
System. 

1.2 MEASUREMENT AND PAYMENT 

A. No separate measurement or payment for work performed under this Section.  
Include cost of same in Contract price bid for work of which this a component 
part. 

1.3 REFERENCES 

A. This specification references the following publications in their current editions.  
The publications listed below form a part of this specification to the extent 
referenced.  The publications are referred to in the text by basic designation 
only. 

1. ASTM E84:  Standard Test Method for Surface Burning Characteristics of 
Building Materials 

2. Chlorine Institute - Pamphlet No. 1:  Chlorine Basics 

3. Chlorine Institute - Pamphlet No. 6:  Piping Systems for Dry Chlorine 

4. Texas Commission on Environmental Quality (TCEQ) Guidelines 
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1.4 SUBMITTALS 

A. Submit the following in accordance with Sections 01 33 00 and 01 78 23. 

1. Certificate of Compliance or complete list of all deviations from the drawings 
and specifications. 

2. Shop Drawings and Product Data: 

a. Complete fabrication, assembly, and installation drawings for pumps 
and pump skids, showing the Manufacturer’s dimensions, weights, 
and loadings, and description information in sufficient detail to show 
the kind, size, weight, arrangements, operation, external 
connections, anchorages and supports required, performance 
characteristics, and parts lists with materials of construction and 
metallurgy. 

b. Shop drawings showing piping schematic and pipe sizes if different 
from that shown on Drawings. 

c. Manufacturer’s installation instructions for all components and 
accessories 

d. Catalog bulletins or comparable illustration and data sheets for all 
components and accessories.  Material submitted must describe 
and illustrate materials of construction, dimensions, ratings, and 
functions of each item. 

e. Electrical data including control wiring. Electrical/pneumatic 
requirements, schematic diagrams, and details of components 
including motor, drive and enclosures. 

f. Chemical metering pumps: 

i. Furnish certified pump head (TDH), capacity, horsepower, and 
efficiency curves for pump over entire operating ranges. 

ii. Control diagrams and written description of system operation. 

3. Operation and Maintenance (O&M) Manuals 

4. Furnish certified report prepared by manufacturer’s technical representative 
certifying satisfactory installation, operation and in-service placement of 
units. 

1.5 RELATED REQUIREMENTS 

A. Drawings show general arrangement, location, and basic dimensions.  Related 
work as called for on Drawings or specified in this or other Specification 
Sections. 

1. Section 01 33 00 – “Submittal Procedures” 

2. Section 01 78 23 – “Operations and Maintenance Data” 

3. Section 10 14 00 – “Identification Devices” 
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4. Section 22 45 00 – “Emergency Plumbing Fixtures” 

5. Section 40 91 10 – “Primary Elements with Transmitters” 

6. Section 46 24 15 - "Chemical Piping, Valves, and Appurtenances" 

7. Section 46 33 44 – “Chemical Peristaltic Metering Pumps and 
Appurtenances” 

8. Section 46 33 93.01 – “Polyethylene Chemical Storage Tanks and 
Appurtenances” 

1.6 QUALITY ASSURANCE 

A. Standardization:  

1. Sodium hypochlorite chemical metering pumps and the associated 
appurtenances such as valves, calibration column, pressure relief valves 
and all associated piping to be provided as a package system by one 
vendor. 

2. All components of a given type to be by a single manufacturer. 

B. System Coordination: 

1. Contract Documents describe details of complete equipment installation for 
purpose specified.  Contractor is responsible for all details necessary to 
properly install, adjust, and place in operation a working system. 

C. Requirements of Regulatory Agencies 

1. Chlorination system to comply with regulations of Texas Commission on 
Environmental Quality (TCEQ) 

D. Factory Test 

1. Test each pump at factory in accordance with Hydraulic Institute Standards, 
using a prototype unless otherwise designated. 

1.7 SYSTEM DESCRIPTION 

A. System shall provide disinfection of surface water via chlorination. Chlorination 
is to be achieved by the use of Sodium Hypochlorite (NaOCl, liquid bleach).  
Completed disinfection system to include storage tanks (per Section 46 33 
93.01), duty and standby metering pumps, alarms, controls, associated valves 
and piping, and other miscellaneous appurtenances discusses herein.  Detailed 
system information is provided in “ATTACHMENT.” 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Deliver all materials and equipment to jobsite with sufficient protection to ensure 
arrival in undamaged condition. 

B. All mechanical equipment to be stored on sleepers above grade and to be 
completely protected from damage and exposure to the elements until 
installation 
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C. Handle all components in accordance with manufacturer's instructions to 
prevent damage. 

1.9  - 1.12 (NOT USED) 

1.10 WARRANTY 

A. Provide Authority with manufacturer's warranty guaranteeing the pumps and 
associated equipment to be free from defects in workmanship and materials, 
under normal use and service, for two (2) years from date of Substantial 
Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the requirements of this Section, provide equipment 
from the manufacturers listed in Section 46 33 44. 

2.2 MATERIALS AND/OR EQUIPMENT 

A. General:   

1. All equipment is for use as a permanent system to provide uninterrupted 
disinfection of surface water. 

B. Chemical Metering Pumps 

1. Refer to Section 46 33 44. 

C. Communication 

1. The chemical metering pumps will be equipped to transmit 4-20 mA signals 
to/from the pumps to the customer operated control panel or PLC and/or 
the WHCRWA Supervisory Control and Data Acquisition (SCADA) system. 

2. The control system operating the chemical metering pumps will send an 
"ON/OFF," "FLOW RATE" and "PUMP OFF" alarm to the customer 
operated control panel or PLC and/or the WHCRWA SCADA system. 

3. The chemical metering pumps will be capable of receiving a flow 
proportional signal from the customer operated control panel or PLC and/or 
the WHCRWA SCADA system to control the flow rate of the pumps. 

D. Sodium Hypochlorite Storage Tanks 

1. Refer to Section 46 33 93.01. 

E. Safety Equipment 

1. Provide warning signs on doors and tanks wherever applicable, in 
accordance with Section 10 14 00 – “Identification Devices.” 

2. Emergency Shower and Eyewash Install per Section 22 45 00. 
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2.3  - 2.4 (NOT USED) 

 

PART 3 - EXECUTION 

3.1 - 3.2 (NOT USED) 

3.3 INSTALLATION AND CONSTRUCTION 

A. Materials and equipment to be installed in accordance with manufacturer’s 
written instructions and applicable codes and ordinances 

B. Install all piping, fittings, valves and appurtenances required to install and 
operate the chemical feed system in accordance with Section 46 24 15 and the 
Drawings. 

C. Chemical Metering Pumps: 

1. All equipment and accessories shall be installed in accordance with the 
Manufacturer’s written recommendations, as approved by the Engineer, 
and as shown on the Drawings.  Mount systems as indicated. 

2. The Contractor shall be responsible for installing equipment that the 
Manufacturer could not ship assembled as an integral part of the system 
due to shipping restrictions. These items shall be identified on the 
Manufacturer’s approval drawings. 

3. The Contractor will not begin fabrication or erection prior to submittal 
approval. 

4. The peristaltic chemical metering pump factory certified service Engineer 
shall inspect the complete installation and provide written certification 
stating that the installation of the equipment is satisfactory.  The certification 
must also indicate the equipment is ready for operation and that the 
operating personnel have been suitably instructed in the operation, 
lubrication and core of the system. 

5. Securely bolt pump to the support structure using stainless steel nuts, bolts, 
and washers.  Utilize lock nuts with nylon inserts or lock washers to prevent 
pump vibration from working mounting bolts loose.  Do not distort or crack 
base feet when mounting pump. 

6. Flush piping of debris by disconnecting pump and flushing with water.  
Reconnect pump to piping. 

7. Calibrate pump as necessary per manufacturer’s written instruction. 

3.4 REPAIR/RESTORATION (NOT USED) 

3.5 FIELD QUALITY CONTROL 

A. Manufacturer’s technical representative to assist Contractor in testing all 
equipment to ensure that it functions properly 
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B. Chemical Metering Pumps: 

Connect pump up to temporary source of water and test pump.  Relieve air from 
piping system using valves provided for that purpose.  Set pressure relief valve 
at 20% higher than normal operating pressure.  Set back pressure valve so that 
pump experiences a minimum of a 5 psi back pressure.  Run calibration test on 
pump at 100% speed and 100% stroke. 

C. Upon satisfactory completion of testing, Manufacturer’s Authorized Technical 
Representative to assist Contractor in installation and placing system in 
operation. 

D. Manufacturer’s Authorized Technical Representative to assist Contractor in 
instructing the Authority's personnel in operation and maintenance of 
chlorination equipment. 

E. Manufacturer’s Authorized Technical Representative shall provide follow-up 
check and training approximately 3 months from start-up. 

3.6 ADJUSTING (NOT USED) 

3.7 CLEANING 

A. Upon completion of use of the temporary chlorination system, Contractor to 
restore site to original condition.  All rental equipment is to be cleaned and 
returned to supplier.  All piping and equipment to be removed and either stored 
or disposed of per the Authority Representative's request. 

3.8 - 3.10 (NOT USED) 

 

END OF SECTION 
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ATTACHMENT 
 

A. Chemical Metering Pumps: 

1. Number of pumps: 3 

2. Pump Designations: CPS-04-CLP1-CLP-01001 
                                                                        CPS-04-CLP2-CLP-02001 
                                                                     CPS-04-CLP3-CLP- 03001  

3. Pump Manufacturer: ProMinent 

4. Pump Model: DFB 16  

5. Operating Conditions: 

a. Fluid: Sodium Hypochlorite (NaOCl) 

b. Density: 10.0 pounds/gallon (based on 
 concentration)  

c. Concentration %: 12.5 

d. Minimum Flow Rate: 4.58 gph 

e. Maximum Flow Rate: 32.16 gph 

f. Suction Pressure: Variable due to supply tank level.  See 
 Drawings for Pump and Tank Levels 

g. Discharge Pressure: 110 psi 

h. Control Variable: Manual 

i. Stroke Adjustment: Manual 

 

END OF SECTION 
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SECTION 46 33 12 

CHEMICAL INJECTORS AND DIFFUSORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Chemical injectors. 

2. Related Specification Sections include, but are not necessarily limited to: 

a. Division 00 – Instructions to Bidders  

b. Division 01 – General Requirements  

c. Section 40 05 05 – “Equipment: Basic Requirements” 

d. Section 46 24 15 – “Chemical Piping, Valves, and Appurtenances” 

e. Section 46 41 12 – “Static Mixers and Appurtenances” 

1.2 MEASUREMENT AND PAYMENT 

A. Unit Price.  No separate payment will be made for this item.  Include the cost in 
associated items for this project. 

B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, 
payment for Work in this Section is included in total Stipulated Price. 

1.3 QUALITY ASSURANCE 

A. Coordinate locations of pipe injection port assemblies to provide for removal of 
injectors without conflicting with adjacent structure and equipment. 

1.4 SUBMITTALS 

A. Shop Drawings: 

1. See Specification Section 01 33 00 – “Submittals” for requirements for the 
mechanics and administration of the submittal process. 

a. See Specification Section 40 05 05 for additional requirements. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with the Contract Documents, the following 
Manufacturers are acceptable: 

1. Saf-T-Flo 

2. InyoProcess 
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3. Or Approved Equal. 

B. Submit request for substitution in accordance with Specification Section 01 25 
13 – “Product Substitutions.” 

2.2 CHEMICAL INJECTOR 

A. Chemical injection assembly shall be an insertion type injection quill and come 
complete with corporation stop, solution tube, solution tube adapter, packing 
nut, safety chain and threaded inlet connection. Injection assembly shall be 
provided with a check valve with a total maximum pressure drop across the 
assembly of 1 psi.  

B. Injector assembly shall provide a single feed point into the center of the process 
pipe.  All wetted components shall be 316 Stainless Steel, Hastelloy C-276 or 
Alloy20 and compatible with the chemical solution and be capable of 
withstanding the maximum pump discharge line pressure and process pipe 
pressure.  Insertion depth shall be full diameter of the water pipe or as called for 
by the mixer manufacturer. 

2.3 SOLUTION TUBE 

A. Solution tube shall be sized to match the chemical solution line size. The 
solution tube shall come with a 45-degree bevel tip configuration that shall 
extend ¼ inch from the bottom of the support tube.  

B. Materials of construction shall be 316 Stainless Steel, Hastelloy C-276 or 
Alloy20 and compatible with chemical solution and be capable of withstanding 
maximum pump discharge line pressure and velocity, as well as water main 
pressure. 

C. A ball check valve shall be included to prevent backpressure from the main 
from entering chemical feed system. 

2.4 SAFETY AND LIMIT CHAIN 

A. A stainless steel safety chain shall be included on injector assemblies rated 150 
psi or less to prevent withdrawal of solution tube past corporation stop.  Safety 
chain length shall be preset by manufacturer for closure of the corp. stop before 
withdrawal of solution tube.  For assemblies rated 200 psi or greater, two 
stainless steel bolts with nylock nuts shall be provided to lock the solution tube 
securely to the main connection. Two stainless steel limit chains shall be 
provided to stop the solution tube from extending past the main connection 
during withdrawal. 
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2.5 CORPORATION STOP/VALVE ASSEMBLY 

A. Assembly shall be provided with a PVC, CPVC, or 316 stainless steel ball valve 
as noted in section 2.7.  Thread connection shall be male NPT or AWWA (CC) 
inlet and capable of withstanding maximum process water pressure.  
Corporation stop must include an acceptable safety device to prevent 
accidental release of solution tube while under maximum process water 
pressure and/or surge conditions. 

2.6 FLEXIBLE HOSE ASSEMBLY 

A. Flexible hose assembly shall be reinforced PVC or CPVC and shall match 
chemical solution line material and size.  Hose and all connections and fittings 
shall be rated for the pressure rating listed for each application in section 2.7, 
and be compatible with the chemical being conveyed. 

B. All PVC and CPVC tubing and fittings shall conform to Specification Section 46 
24 15 – 2.4 PVC Tubing. 

2.7 SCHEDULE 

A. See attachment. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Install materials after piping has been tested and approved. 

END OF SECTION 
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ATTACHMENT 

 

Application 
Process 
Pipe 
Size (in) 

Solution 
Line 
Size (in) 

Insertion 
Length 
(in) 

Pressure 
Rating 
(psi) 

Solution 
Tube 
Material 

Flexible 
Hose 
Assembly 

Ball 
Valve 
Material 

Diffuser 
Hole 
Orientation 

12.5% 
Sodium 
Hypochlorite 
at Incoming 
Injection 
Station 

72 1 72 250 
Hastelloy 
C 

Yes SS 

Upstream 
 

12.5% 
Sodium 
Hypochlorite 
at Outgoing 
Injection 
Station 

72 1 72 250 
Hastelloy 
C 

Yes SS 

Upstream  

Liquid 
Ammonium 
Sulfate at 
Incoming 
Injection 
Station 

72 1/2 72 250 316SS No SS 

Upstream 

Liquid 
Ammonium 
Sulfate at 
Outgoing 
Injection 
Station 

72 1/2 72 250 316SS No SS 

Upstream 

 
Please refer to plans for chemical diffusor hose size, quantity and spacing. 
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SECTION 46 33 16 

LIQUID AMMONIUM SULFATE (LAS) FEED EQUIPMENT SYSTEM 

 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Provide all labor, materials, equipment and incidentals required and install, test 
and place in satisfactory operation peristaltic pumps for Liquid Ammonium 
Sulfate (LAS) disinfection system equipped complete, as shown on the 
Drawings and as specified herein. The work of this section includes, not is not 
limited to, providing individual skid mounted peristaltic chemical feed pump with 
accessories for the application of each chemical as described herein and shown 
on the drawings. All necessary and desirable accessory equipment and 
auxiliaries whether specifically mentioned in this section or not shall be 
furnished and installed as required for an installation incorporating the highest 
standards for this type of service. 

B. Chemical feed equipment system shall be designed, coordinated and supplied 
by a competent SYSTEM INTERGRATOR. The SYSTEM INTEGRATOR shall 
be regularly in the business of designing and assembling liquid chemical feed 
systems for water treatment plant projects. The SYSTEM INTEGRATOR shall 
be responsible for ensuring that a complete functioning system is supplied for 
the chemical feed system. The SYSTEM INTEGRATOR shall be responsible for 
coordinating and mounting all equipment, piping, valves and appurtenances 
with enough clearance for operation and maintenance of the Chemical Feed 
System.  

1.2 MEASUREMENT AND PAYMENT 

A. No separate measurement or payment for Work performed under this Section.  
Include cost of same in Contract price bid for Work of which this is a component 
part. 

1.3 REFERENCES 

A. This specification references the following publications in their current editions.  
The publications listed below form a part of this specification to the extent 
referenced.  The publications are referred to in the text by basic designation 
only. 

1. ASTM E84:  Standard Test Method for Surface Burning Characteristics of 
Building Materials 

2. NSF/ANSI 61:  Drinking Water System Components – Health Effects 

3. Texas Commission on Environmental Quality (TCEQ) Guidelines 
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1.4 SUBMITTALS 

A. Submit the following in accordance with Sections 01 33 00 and 01 78 23. 

1. Certificate of Compliance or complete list of all deviations from the drawings 
and specifications. 

2. Shop Drawings and Product Data: 

a. Complete fabrication, assembly, and installation drawings for pumps 
and pump skids, showing the Manufacturer’s dimensions, weights, 
and loadings, and description information in sufficient detail to show 
the kind, size, weight, arrangements, operation, external 
connections, anchorages and supports required, performance 
characteristics, and parts lists with materials of construction and 
metallurgy. 

b. Shop drawings showing piping schematic and pipe sizes if different 
from that shown on Drawings. 

c. Manufacturer’s installation instructions for all components and 
accessories 

d. Catalog bulletins or comparable illustration and data sheets for all 
components and accessories.  Material submitted must describe 
and illustrate materials of construction, dimensions, ratings, and 
functions of each item. 

e. Electrical data including control wiring. Electrical/pneumatic 
requirements, schematic diagrams, and details of components 
including motor, drive and enclosures. 

f. Chemical metering pumps: 

i. Furnish certified pump head (TDH), capacity, horsepower, and 
efficiency curves for pump over entire operating ranges. 

ii. Control diagrams and written description of system operation. 

3. Operation and Maintenance (O&M) Manuals 

4. Furnish certified report prepared by manufacturer’s technical representative 
certifying satisfactory installation, operation and in-service placement of 
units. 

1.5 RELATED REQUIREMENTS 

A. Plans show general arrangement, location, and basic dimensions.  Related 
Work as called for on Plans or specified in this or other Specification Sections. 

1. Section 01 33 00 – “Submittals” 

2. Section 01 65 50 – “Product Delivery, Storage, and Handling” 

3. Section 01 78 23 – “Operations and Maintenance Data” 

4. Section 10 14 00 – “Identification Devices” 
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5. Section 22 45 00 – “Emergency Plumbing Fixtures” 

6. Section 40 91 10 – “Primary Elements and Transmitters” 

7. Section 46 24 15 – "Chemical Piping, Valves, and Appurtenances" 

8. Section 46 33 44 – “Chemical Peristaltic Metering Pumps and 
Appurtenances” 

9. Section 46 33 93.01 – “Polyethylene Chemical Storage Tanks and 
Appurtenances” 

1.6 QUALITY ASSURANCE 

A. Standardization 

1. LAS chemical metering pumps and the associated appurtenances such as 
valves, calibration column, pulsation dampeners, pressure relief valves and 
all associated piping to be provided as a package system by one vendor 

2. All components of a given type to be by a single manufacturer 

B. System Coordination 

1. Contract Documents describe details of complete equipment installation for 
purpose specified.  Contractor is responsible for all details necessary to 
properly install, adjust, and place in operation a working system. 

C. Requirements of Regulatory Agencies 

1. System to comply with regulations of Texas Commission on Environmental 
Quality (TCEQ) 

D. Factory Test  

1. Test each pump at factory in accordance with Hydraulic Institute Standards, 
using a prototype unless otherwise designated. 

1.7 SYSTEM DESCRIPTION 

A. System shall provide disinfection of surface water. Disinfection is to be 
achieved by the use of Liquid Ammonium Sulfate (LAS).  Completed 
disinfection system to include storage tanks (per Section 46 33 93.01) duty and 
standby metering pumps, alarms, controls, associated valves and piping, and 
other miscellaneous appurtenances discusses herein.  Detailed system 
information is provided in “ATTACHMENT.” 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Deliver all materials and equipment to jobsite with sufficient protection to ensure 
arrival in undamaged condition. 

B. All mechanical equipment to be stored on sleepers above grade and to be 
completely protected from damage and exposure to the elements until 
installation 
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C. Handle all components in accordance with manufacturer's instructions to 
prevent damage. 

1.9 WARRANTY 

A. Provide Owner with manufacturer's warranty guaranteeing the pumps and 
associated equipment to be free from defects in workmanship and materials, 
under normal use and service, for two (2) years from date of Substantial 
Completion.  

PART 2 - PRODUCTS 

2.1 MANUFACTURER(S) 

A. Subject to compliance with the requirements of this Section, provide equipment 
from the following manufacturers in Section 46 33 44. 

2.2 MATERIALS AND/OR EQUIPMENT 

A. General:   

1. All equipment is for use as a permanent system to provide uninterrupted 
disinfection of surface water and groundwater. 

B. Chemical Metering Pumps 

1. Refer to Section 46 33 44. 

C. Communication 

1. The chemical metering pumps shall be equipped to transmit 4-20 mA 
signals to/from the pumps to the customer operated control panel and/or the 
WHCRWA Supervisory Control and Data Acquisition (SCADA) system. 

2. The control system operating the chemical metering pumps shall send an 
"ON/OFF," "FLOW RATE" and "PUMP OFF" alarm to the customer operated 
control panel or PLC and/or the WHCRWA SCADA system. 

3. The chemical metering pumps shall be capable of receiving a flow 
proportional signal from the customer operated control panel or PLC and/or 
the WHCRWA SCADA system to control the flow rate of the pumps. 

D. LAS Storage Tanks 

1. Refer to Section 46 33 93.01. 

E. Safety Equipment 

1. Provide warning signs on doors and tanks wherever applicable, in 
accordance with Section 10 14 00 – “Identification Devices.” 

2. Emergency Shower and Eyewash 

Install per Section 22 45 00. 
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2.3 FABRICATION (NOT USED) 

2.4 SOURCE QUALITY CONTROL 

A. Prior to shipment, all equipment shall be tested at manufacturer’s plant to 
demonstrate suitability of the equipment as a part of the complete installation. 

PART 3 - EXECUTION 

3.1 - 3.2 (NOT USED) 

3.3 ERECTION / INSTALLATION AND CONSTRUCTION 

A. Materials and equipment shall be installed in accordance with manufacturer’s 
written instructions and applicable codes and ordinances 

B. Install all piping, fittings, valves and appurtenances required to install and 
operate the chemical feed system in accordance with Section 46 24 15 and the 
Plans. 

C. Chemical Metering Pumps: 

1. All equipment and accessories shall be installed in accordance with the 
Manufacturer’s written recommendations, as approved by the Engineer, and 
as shown on the Drawings.  Mount systems as indicated. 

2. The Contractor shall be responsible for installing equipment that the 
Manufacturer could not ship assembled as an integral part of the system 
due to shipping restrictions. These items shall be identified on the 
Manufacturer’s approval drawings. 

3. The Contractor will not begin fabrication or erection prior to submittal 
approval. 

4. The peristaltic chemical metering pump factory certified service Engineer 
shall inspect the complete installation and provide written certification stating 
that the installation of the equipment is satisfactory.  The certification must 
also indicate the equipment is ready for operation and that the operating 
personnel have been suitably instructed in the operation, lubrication and 
core of the system. 

5. Securely bolt pump to the support structure using stainless steel nuts, bolts, 
and washers.  Utilize lock nuts with nylon inserts or lock washers to prevent 
pump vibration from working mounting bolts loose.  Do not distort or crack 
base feet when mounting pump. 

6. Flush piping of debris by disconnecting pump and flushing with water.  
Reconnect pump to piping. 

7. Calibrate pump as necessary per manufacturer’s written instruction. 
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3.4 REPAIR/RESTORATION (NOT USED) 

3.5 FIELD QUALITY CONTROL 

A. Manufacturer’s technical representative to assist Contractor in testing all 
equipment to ensure that it functions properly 

B. Chemical Metering Pumps: 

1. Connect pump up to temporary source of water and test pump.  Relieve air 
from piping system using valves provided for that purpose.  Set pressure 
relief valve at 20% higher than normal operating pressure.  Set back 
pressure valve so that pump experiences a minimum of a 5 psi back 
pressure.  Run calibration test on pump at 100% speed and 100% stroke. 

C. Upon satisfactory completion of testing, Manufacturer’s Authorized Technical 
Representative to assist Contractor in installation and placing system in 
operation. 

D. Manufacturer’s Authorized Technical Representative to assist Contractor in 
instructing the Owner's personnel in operation and maintenance of chlorination 
equipment. 

E. Manufacturer’s Authorized Technical Representative shall provide follow-up 
check and training approximately 3 months from start-up. 

3.6 ADJUSTING (NOT USED) 

3.7 CLEANING 

A. Upon completion of use of the temporary chlorination system, Contractor to 
restore site to original condition.  All rental equipment is to be cleaned and 
returned to supplier.  All piping and equipment to be removed and either stored 
or disposed of per the Project Manager’s request. 

3.8 - 3.10 (NOT USED) 

END OF SECTION  
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ATTACHMENT 
 

A. Chemical Metering Pumps: 

1. Number of pumps: 3 

2. Designation: CPS-04-LASP1-LASP-01001 

                                                      CPS-04-LASP2-LASP-02001 

                                                      CPS-04-LASP3-LASP-03001 

3. Pump Manufacturer: ProMinent  

4. Pump Model: DFB 13 

5. Operating Conditions: 

a. Fluid: Liquid Ammonium Sulfate (LAS) 

b. Density: 10.34 

c. Concentration %: 38% 

d. Minimum Flow Rate: 1.46 gph 

e. Maximum Flow Rate: 13.93 gph 

f. Suction Pressure: Variable due to supply tank level.  See 
 Plans for Pump and Tank Levels 

g. Discharge Pressure: 110 psi 

h. Control Variable: Manual 

i. Stroke Adjustment; Manual 

 

END OF SECTION
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SECTION 46 33 44 

CHEMICAL PERISTALTIC METERING PUMPS AND APPURTENANCES 

PART 1 - GENERAL 

1.1 DESCRIPTION: 

A. Provide and test chemical peristaltic metering pumps and appurtenances, as 
indicated and in compliance with Contract Documents. 

B. Provide each chemical pumping system complete.  And before acceptance 
make each system fully operational and ready for use by the Owner. 

C. Chemical systems to meet: 

1. The rules and regulations for public water systems established by the 
TCEQ in Title 30 Texas Administrative Code (30 TAC), Chapter 290.  

1.2 REFERENCES: 

A. American Society for Testing and Materials International (ASTM): 

1. A36/A36M:  Standard Specification for Carbon Structural Steel 

2. A48/A48M:  Standard Specification for Gray Iron Castings 

3. A322:  Standard Specification for Steel Bars, Alloy, Standard Grades 

4. A1011/A1011M:  Standard Specification for Steel, Sheet and Strip, Hot-
Rolled, Carbon, Structural, High- Strength Low-Alloy, High-Strength Low-
Alloy with Improved Formability, and Ultra-High Strength 

B. National Electrical Manufacturers Association (NEMA): 

1. ICS 1:  Industrial Control and Systems General Requirements 

2. MG1 CD:  Motors and Generators 

C. The rules and regulations for public water systems established by the TCEQ in 
Title 30 Texas Administrative Code (30 TAC), Chapter 290.  

1.3 SUBMITTALS: 

A. Submit the following shop drawings in accordance with Section 01 33 00: 

1. Prior to initial submittal, arrange conference in construction manager’s 
office with Engineering Representatives of equipment vendor who are 
familiar with specification to discuss overall job concept. 
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2. Contractor/equipment vendor to submit a Letter of Understanding stating 
that the chemical pumping equipment specified in this section shall be in 
accordance with the rules and regulations for public water systems 
established by the TCEQ in Title 30 Texas Administrative Code (30 TAC), 
Chapter 290. Letter shall accompany shop drawing submittal; otherwise 
shop drawings will not be reviewed. 

3. When the Contractor proposes equipment, which requires an arrangement 
differing from that indicated on the drawings or specified, prepare and 
submit for review detailed structural, mechanical, and electrical drawings 
and equipment lists, utilities consumption schedule and operating 
instructions, showing necessary changes and embodying special features 
of the equipment he proposes to furnish.  Make changes, if accepted at no 
additional cost to Owner. 

4. Submit certified shop drawings, manufacturer's specifications, catalog data, 
descriptive literature, illustrations, and other materials necessary for proper 
appraisal of quality and function. 

5. Include factory work sheets which identify each piece of equipment as 
specified herein and on drawings. 

6. Sales bulletins or other general publications are not acceptable as 
submittals for review except where necessary to provide supplemental 
technical data. 

7. Number and identify equipment to correspond with terminology on 
drawings.  Use these numbers on all submittal sheets and shop drawings. 

8. Furnish for each system piping schematic and wiring schematic with 
interconnection diagram and a complete description of operation. 

9. Pump Control Panel: 

a. Front elevations, with and without door. 

b. Elementary wiring connection diagram. 

c. Catalog sheets for devices in the control panel. 

d. Use NEMA device designations and symbols for electric diagrams.  
Make contents of elementary connection diagrams in accordance with 
NEMA ICS 1. 

e. Manufacturer’s standardized elementary diagrams will not be 
acceptable unless applicable portions of the diagram have been clearly 
identified and non-applicable portions deleted or crossed out. 

10. Vendor to confirm with calculations that the pumps offered can handle the 
piping as shown. 

11. Operating and maintenance instructions and parts lists. 

12. Templates or certified setting plans, with tolerances, for anchor bolts. 
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13. Equipment specified to have adjustable-frequency drives:  Submit wiring 
diagrams with instructions for bypassing the speed controller in the event of 
its failure, to allow running the drive motor directly on AC line current. 

14. Recommended spare parts other than those specified. 

15. Recommendations for short and long term storage. 

16. Submit recommended charging pressures for pulsation dampeners. 

17. Submit accuracy and readability limits for pump speed indicators. 

18. Manufacturer’s product data and specifications for shop painting. 

19. Provide a listing of the materials recommended for each service specified 
and indicated.  Provide documentation showing compatibility with process 
fluid and service specified and indicated. 

20. The latest ISO 9000 series certification or certified quality assurance/control 
program document. 

21. Provide qualifications of service/start-up personnel. 

22. Material Certification: 

a. Provide certification from the equipment manufacturer that the materials 
of construction specified are recommended and suitable for the service 
conditions specified and indicated.  If materials other than those 
specified are proposed certification that the proposed materials are 
recommended and suitable for the service conditions specified and 
indicated including an installation list of a minimum of five (5) 
installations in operation for a minimum of five (5) years.  Based on 
incompatibility with the service conditions, provide technical data and 
provide proposed materials.   

b. Where materials are not specified, provide technical data and 
certification that the proposed materials are recommended and suitable 
for the service conditions specified and indicated. 

23. A copy of the contract mechanical process, electrical and instrumentation 
drawings, with addenda that are applicable to the equipment specified in 
this section, marked to show all changes necessary for the equipment 
proposed for this specification section.  If no changes are required, mark all 
drawings with “No changes required.” 

a. Failure to include all drawings applicable to the equipment specified in 
this section will result in submittal return without review until a complete 
package is submitted. 

24. A copy of this specification section with addenda and all referenced 
specification sections with addenda, with each paragraph check marked to 
indicate specification compliance or marked to indicate requested 
deviations and clarifications from the specified requirements. 
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a. If deviations and clarifications from the specifications are indicated, 
therefore requested by the Contractor, provide a detailed written 
justification for each deviation and clarification. 

b. Failure to include a copy of the marked-up specification sections and or 
the detailed justifications for any requested deviation or clarification will 
result in submittal return without review until marked up specifications 
and justifications are submitted in a complete package. 

1.4 QUALITY ASSURANCE: 

A. Comply with the requirements specified in Section 01 43 00. 

B. General: 

1. Do the work required by and in accordance with applicable State and local 
codes; arrange for all permits, inspections and tests required by these 
codes.  Provide systems and items of equipment that conform to applicable 
safety standards including those for safety of personnel. 

2. One vendor to provide equipment and appurtenances, regardless of 
manufacturer, and is responsible for the satisfactory operation of the 
systems.  Substitutions on functions specified are not acceptable. 

3. Provide components to manufacturer's standard for service intended unless 
otherwise required. 

4. Pumps of the same type to be the product of one manufacturer.  Provide 
equipment of manufacturers' latest and proven design.  Pumps to be 
standard cataloged products. 

5. Drawings and specifications direct attention to certain required features of 
the equipment, but do not purport to cover all details entering into its 
design, construction and installation; nevertheless, furnish and install 
equipment so that systems will be complete and ready for operation. 

C. Service: 

1. Services of Manufacturer's Representative stated in Section 01 43 00 and 
as specified herein. 

2. Provide services of factory-trained Service Personnel, specifically trained 
on type of equipment specified. 

a. Submit qualifications of Service Engineer for review. 

b. Person-day requirements listed exclusive of travel time, and do not 
relieve Contractor of obligation to provide sufficient service to place 
equipment in satisfactory operation. 

c. Installation:  Sufficient time to assist in location of anchor bolts; setting, 
leveling, alignment, field erection, etc.; coordination of piping, electrical, 
miscellaneous utility connections, but not less than: 

1) 2 person-days. 
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d. Start-Up:  Sufficient time for calibration, testing and start-up, but not 
less than:  

1) 2 person-days. 

e. Performance Testing:  Time for field acceptance testing, but not less 
than:   

1) 2 person-days. 

f. Instruction:  Sufficient time for classroom and/or field operation and 
maintenance instruction, but not less than: 

1) 2 person-days. 

g. Credit to the Owner unused service person-days specified above at the 
manufacturer's published field service rate plus any costs of travel. 

3. The minimum days specified above does not relieve the manufacturer of 
responsibility of providing sufficient service to place components and 
systems in satisfactory operation.  Provide, in addition to time periods 
specified above, time and material used to correct defective equipment at 
no additional cost to Owner. 

4. 8-hour days specified are exclusive of travel time. 

5. Turn on no form of energy to any part of systems prior to receipt by 
Construction Manager of certified statement of approval of installation from 
Contractor containing his supplier's authorization to energize system unless 
done by the supplier's servicemen may do so for purposes of checkout. 

6. The Manufacturer's Representative must maintain a factory trained 
serviceman with parts within 150 miles of this Owner. 

D. Pumps, Motors and Controllers: 

1. Pump manufacturer shall furnish the pumps and motors, regardless of 
manufacturer, as a complete package to ensure proper coordination and 
compatibility of equipment.   

2. Prior to shipment to job site, pump manufacturer must perform a test on the 
combined motor and pump assembly. 

1.5 SPARE PARTS: 

A. Furnish following spare parts, identical and interchangeable with similar parts 
installed in work: 

1. For each chemical metering pump:   

a. Three replacements for each hose.  

b. Two complete sets of gaskets. 

2. One of each type and material back pressure regulator with one spare 
diaphragm and spring for each. 

3. One spare diaphragm and air valve for each discharge pulsation dampener. 
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4. One complete spare AFD control package for each type installed, including 
power supply, signal isolation/interface, and controls. 

5. Provide all other manufacturer's recommended spare parts necessary to 
maintain each piece of equipment for a period of one year. 

B. Pack spare parts in containers bearing labels clearly designating contents and 
pieces of equipment for which they are intended. 

C. Deliver spare parts at same time as equipment to which they pertain.  Properly 
store and safeguard such spare parts until completion of work, and then deliver 
to Owner. 

1.6 DELIVERY, STORAGE AND HANDLING: 

A. Comply with the requirements specified in Section 01 65 50. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION: 

A. Pump capacities and operating data are indicated in the Metering Pump 
Schedule in the specifications section 46 33 11 and 46 33 16. 

B. Sodium Hypochlorite (CLO): 

1. The system shall consist of two (2) storage tanks and three (3) metering 
pumps for application in at the Incoming and Outgoing Chemical Injection 
Stations. 

2. The storage tanks will have ultrasonic level sensors installed that will have 
alarms for low-low and low.  The low-level alarm will indicate to the operator 
that a transfer needs to be made; the low-low alarm will notify that the 
storage tank is nearly empty.  A separate high-level switch shall alarm just 
before an overflow.   

3. There shall be three (3) metering pumps with AFDs.  The controls shall 
consist of a Run-Off- Remote (R-O-R) selector switch, indicating lights for 
On-Off, a multi-turn speed dial and a percent speed indicator. Signals shall 
go to the plant control system when the switch is not in Remote and there is 
a drive fault.  The Central Control System will send a 4-20 mA dc signal for 
speed and another 4-20 mA dc signal for stroke with a Run switch to the 
AFD Control Panel. 

C. Liquid Ammonia Sulfate (LAS): 

1. The system shall consist of two (2) storage tanks and three (3) metering 
pumps for application at the Incoming and Outgoing Chemical Injection 
Stations. 
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2. The storage tanks will have an ultrasonic level sensor installed that will 
have alarms for low-low and low.  The low-level alarm will indicate to the 
operator that a transfer needs to be made; the low-low alarm will notify that 
the storage tank is nearly empty.  A separate high-level switch shall alarm 
just before an overflow.   

3. There shall be three (3) metering pumps with AFDs.  The controls shall 
consist of a Run-Off- Remote (R-O-R) selector switch, indicating lights for 
On-Off, a multi-turn speed dial and a percent speed indicator. Signals shall 
go to the plant control system when the switch is not in Remote and there is 
a drive fault.  The Central Control System will send a 4-20 mA dc signal for 
speed and another 4-20 mA dc signal for stroke with a Run switch to the 
AFD Control Panel. 

2.2 GENERAL: 

A. Provide systems constructed of components which are compatible and suitable 
for intended service. 

B. Drawings and specifications indicate energy sources that will be provided.  
Provide all other devices necessary to obtain proper operation of system from 
these energy sources. 

2.3 PUMP CONTROL PANELS: 

A. Provide factory wired panels in accordance and with the following: 

1. Panels to be fabricated in accordance with Section 40 90 00. 

2. NEMA Type 4X enclosures of fiberglass reinforced polyester, gasketed to 
prevent chemical corrosion.  Aluminum NOT ACCEPTABLE.  Provide 
electrical control items that are rated NEMA Type 4, unless otherwise 
specified. 

3. Adjustable speed pumps with adjustable frequency drive as indicated in the 
chemical pump schedule on the drawings. 

4. Instruments and accessories to be as specified in Section 40 90 00. 

5. Accessories mounted and wired to terminal strips or bulkhead fittings and 
properly identified to provide ease of field connection. 

6. Controls for electrically operated or motor-driven equipment, with 
appurtenances, to require only terminal wiring and connections to 
equipment. 

7. Control contacts rated not less than 10 amperes on 120 volts and gold-
plated contacts for low current instrument signals. 

8. Lamicoid nameplates with filled engraved legends. 
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2.4 PUMPING EQUIPMENT: 

A. Peristaltic Type Tubing Pump will not be acceptable due to the high pump 
discharge pressure required. 

B. Hose Metering Pumps: 

1. Manufacturers: 

a. Prominent - DulcoFlex 

b. Bredel - APEC Series.  

c. Verder. 

2. Gear Motor/Reducer 

a. Flender, Elgin, IL. 

b. Nord, Waukesha, WI. 

c. SEW Eurodrive, Troy, OH. 

3. Pump Construction: 

a. Pumping assemblies, including pump and driver, to operate within 
vibration and bearing temperature limits specified over the full operable 
range of the pump assembly. 

b. Design and proportion all parts of pump for the service specified and 
indicated. 

c. Provide room for inspection, repair and adjustment. 

d. Apply a never seize compound to all bolts. 

e. Pumps driven as indicated shall be with explosion-proof AFD drives. 

4. Pump Type: 

a. Positive displacement, hose type pump. Both Shoe and Roller Pumps 
are acceptable based on their individual capabilities to meet the flow 
and pressure requirements. 

1) Capable of operation in either direction without flow variation or 
change in metering capability. 

2) Capable of running dry without damage to pump or hose. 

3) Capable of pulling 95 percent of full vacuum throughout life of hose. 

4) Metering accuracy:  +5 percent, repeatability:  +1 percent, both 
throughout life of hose. 

5) Valveless with no dynamic seals in contact with the pumped 
product. 

6) Minimum pressure rating: Shoe Pumps: 1-inch and larger, 220 psi, 
3/4-inch and smaller, 109 psi. Roller Pumps: 116 PSI 

5. Pump Housing and Cover: 

a. Material:   

1) Housing:  Cast Iron, ASTM A48/A48M Class 35 (DIN GG25). 
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2) Cover:  1-inch and larger carbon steel, ASTM A1011/A1011M 
GR36, 3/4-inch and smaller, polycarbonate or carbon steel.   

b. Provide housing capable of rotation in 90-degree increments. 

c. Provide ribs for strength and for heat dissipation. 

d. Provide a housing cover O-Ring Seal. 

1) Chemical Services:  Material as recommended by the pump 
manufacturer for the service conditions specified and indicated. 

e. Fill approximately 40 to 50 percent of the pump housing with hose 
lubricant containing a combination of 99.5 percent pure glycerine and 
mono-propylene glycol to provide a medium for cooling and lubrication.  
Lubricant to be food grade.  

f. Support pump housing by means of a welded ASTM A36/A36M 
structural steel frame and baseplate. 

6. Connections: 

a. Provide flanged suction and discharge connections for all pumps above 
1”, faced and drilled to 150 lb. ANSI Standard.   

1) Chemical Services:  Provide flange, hardware and hose insert 
material as follows:  

a) Sodium Hypochlorite:  Titanium or PVC or PVDF 

b) Sodium Hydroxide:  Type 316 stainless steel or PVC or PVDF 

2) Hose clamps and hardware: Type 316 stainless steel. 

7. Hose: 

a. Two or four layer braided nylon reinforced, three layer elastomer 
compatible with the service specified.  Other hose constructions are 
acceptable provided all requirements specified are met.  Chemical 
Services:  Material as recommended by the pump manufacturer for the 
service conditions specified. 

b. Burst Pressure Rating:  600 psi 

c. 53-68 Shore A Durometer. 

d. Machine hose outside diameter to a wall thickness tolerance of +0.3 
mm tolerance. 

e. Maximum Working Pressure: 

1) Pumps 3/4-inch and smaller:  109 psi  

8. Shafts: 

a. Alloy steel ASTM A322/4140, minimum. 

b. Provide shafting adequate to operate pumps at maximum pressure 
specified or maximum pressure capability of drive whichever is greater. 

c. For pumps 1-inch and larger provide two-way seals.  Provide lip seals 
for rotor shaft for pumps 3/4-inch and smaller. 

9. Rotor Assembly: 
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a. Material:   

1) Rotor:  Cast Iron, ASTM A48/A48M Class 40 (DIN GG25) 

a) Rotor Shoe:  Polished Aluminum BS1490.  Provide ability to 
shim for compression adjustment.  Mount Shoes 180 degrees 
apart. 

1) For pumps 3/4-inch and smaller, provide separate 
shoes as specified above or a one-piece rotor design with 
integral shoes.   

b) Shims:  Galvanized steel.  Non-metallic shims are not 
acceptable. 

c) Rotor Roller: The rotor of the pump shall be constructed of cast 
iron ASTM A48.  The rotor shall be fitted with two (2) rollers that 
will be located 180º apart so as to provide compression of the 
hose against the pump housing twice per rotor revolution.  The 
rollers shall be anodized steel or corrosion resistant metal as 
recommended by the manufacturer.  Each roller will be 
constructed with two (2) permanently greased lubricated ball 
bearings and two (2) nitrile rubber lip seals. 

2) Hose shall be replaceable without cover or pump removal. 

3) Shoes and rollers shall be adjustable for shimming without 
removing the pump housing cover. 

10. Bearing Frame: 

a. Use antifriction type, minimum B-10 life of 100,000 hours at maximum 
operating speed and pressure.  In accordance with AFBMA references. 

b. Provide permanently greased bearing.  Provide a plugged grease 
fitting. 

c. Pumps without bearing frames are unacceptable. 

11. Coupling: 

a. High torque, all metal gear couplings with external grease fittings. 

b. Service Factor:  1.50 based on motor nameplate rating. 

12. Leak Detection Systems: 

a. Provide one sensor on each pump to detect leakage of pumped product 
into pump housing, hose failure. 

b. Provide a float type device or capacitance sensor located near the top 
of the pump for Shoe Pumps and at the low point of the housing for 
Roller Pumps for hose failure alarm and pump shutdown.  Locate on 
backside of pump housing. 

c. Sensor to send a signal to sound an alarm and turn pump off 
automatically.  Provide sensor with normally open contact. 

d. Sensor:  24 volt. 
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C. Hose Pump Drive System: 

1. Motor: 

a. Provide motors in accordance with Section 26 05 09 and as specified. 

b. Provide squirrel cage induction motor with C-face design, integral gear 
reduction units are not acceptable. 

1) Provide maximum motor rpm as indicated in the Metering Pump 
Schedule. 

2) Provide motor with adequate cooling at lowest operating speed. 

c. Enclosure:  As indicated in the Metering Pump Schedule. 

d. Insulation:  Minimum Class "F" with Class "B" temperature rise, 
40 degrees C ambient unless otherwise indicated or specified. 

e. Service Factor:  1.15. 

f. Provide capacity sufficient to start and operate pumps at maximum 
speed indicated without exceeding nameplate ratings for current and 
power and without operating in the service factor. 

g. Provide ball or roller bearings, in accordance with AFBMA Standard 9-
90 and Standard 11-90; minimum L-10 life of 100,000 hours. 

h. Premium efficient motors, nominal and minimum motor efficiencies per 
NEMA MG1. 

i. Provide inverter duty rated motors for use with adjustable frequency 
drives.  Provide vector duty rated motors for use with vector type 
adjustable frequency drives. 

j. Rating:  460V, 3-ph, 60 Hertz.  

2. Gear Reducer: 

a. Provide helical gear or planetary arrangement classified for continuous, 
AGMA Class II, 24-hour duty. 

b. Provide ASTM A48/A48M Class 30 cast iron housing. 

c. Gears:  Case hardened alloy steel forgings with precision ground gear 
teeth minimum AGMA quality 12. 

d. Provide horizontal parallel or bevel right angle shafting, arrangement as 
indicated in the process pump schedule. 

e. Design reducer to match output speed requirements of pumps; double 
or triple reduction. 

f. Match torque-rating of pumping equipment. 

g. Minimum gear reducer service factor 1.50, based on peak running 
torque of pump. 

h. Gear reducer minimum efficiency:   

1) Double Reduction: 97 percent. 

2) Triple Reduction: 95 percent. 

D. Hose Pump Baseplates: 
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1. Bolt pump and drive to a common baseplate and frame. 

2. Fabricate baseplate of ASTM A36/A36M fabricated structural steel.    

3. Provide at least one 4-inch (100 mm) minimum diameter grout hole or 
equivalent and provisions for anchor bolts.  Provide base drilling for anchor 
bolt holes readily accessible from exterior width dimension of the base.  
Anchor bolt holes which are concealed or partially concealed by channel 
base frames are not acceptable. 

4. Design baseplate with adequate strength to support pump and driver. 

5. For pumps 2-inch (50 mm) and larger:  Provide Type 316 stainless steel 
jacking bolts on each side of gear reducer. 

6. Provide machined surfaces for bearings pads for pumps 2.5-inch (65 mm) 
and larger. 

7. Provide Type 316 stainless steel or rigid fiberglass guard in conformance 
with applicable OSHA requirements. 

8. Pumps shall be installed on concrete foundations as specified and 
indicated. 

2.5 METERING PUMP APPURTENANCES: 

A. Back Pressure Valves: 

1. Provide back pressure regulating valves where indicated on drawings.  
Provide back pressure regulators of polyvinylchloride or CPVC construction, 
and having Hypalon or Teflon diaphragms, suitable for the fluid being 
pumped, to protect upper works of valve from process fluid.  Provide spring 
opposed diaphragms with loading pressures adjustable by means of screw 
in top works.  Field-adjust valves to settings required of the system.  Setting 
to be minimum pressure to occur upstream of the valve, as installed in 
system, while pump is operating. 

2. Provide materials of construction compatible with the service specified and 
indicated. 

B. Pulsation Dampeners: 

1. Provide discharge pulsation dampeners on metering pumps where 
indicated suitably size for displacement of each pump to limit discharge 
pressure to plus/minus 10 percent.  Provide pulsation dampeners of type 
which has a diaphragm separating air chamber from liquid chamber.  
Provide diaphragm of molded construction and that prevents air charge 
from being dissolved in process fluid.  Provide lower chamber of Type 316 
stainless steel lined, or of inert plastic material to prevent corrosion by 
process fluid.  Provide materials suitable for intended service.  Charge air 
chamber with compressed air to pump manufacturer's recommended 
charging pressure.  Equip upper chamber with tire valve type of charging 
valve and air pressure gage with shutoff valve. 
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2. Provide a bicycle pump with handle and sufficient capacity to charge the 
pulsation dampeners.  Bicycle pump to be easy to handle. 

3. Furnish an air line and air hose with pressure regulator and hand-operated, 
lever-type valve, suitable for charging pulsation dampeners.  Provide air 
hose long enough to reach pulsation dampeners. 

C. Pressure Relief Valves: 

1. Provide pressure valves where indicated on drawings.  Provide pressure 
relief of polyvinylchloride or CPVC construction, and having Hypalon or 
Teflon diaphragms, suitable for the fluid being pumped, to protect upper 
works of valve from process fluid.  Provide spring opposed diaphragms with 
loading pressures adjustable by means of screw in top works.  Field-adjust 
valves to settings required of the system.  Setting to be the maximum 
pressure to occur downstream of the valve, as installed in system, while 
pump is operating.  

D. Calibration Standpipes: 

1. Equip each group of pumps indicated on drawings with calibration 
standpipe for measuring pump output. 

2. Provide standpipes of Schedule 40 clear PVC pipe with Schedule 80 
fittings.  Thin wall tubing and acrylic plastics not acceptable. 

3. Equip each standpipe with flanged connection to suction piping, and fitted 
with ball valve for air venting, as indicated on drawing.  Provide fittings of 
socket weld type.  Provide valves and fittings as specified under other 
sections referenced. 

4. Provide one calibration standpipe for each group of pumps indicated, of the 
height indicated on the drawing, and of a diameter such that the 
measurable capacity of the standpipe is approximately one and one-half 
minutes discharge of each pump at maximum pumping capacity.  Length of 
the standpipe indicated is the length of clear observable pipe and does not 
include length of fittings or connections.  Permanently calibrate each 
standpipe in gallons and tenths. 

5. Provide valves and flanges at each pump suctions for attachment of 
calibration standpipes.  Install pump suction and discharge piping so as not 
to interfere with location and use of standpipes. 

2.6 SHOP TESTING: 

A. Motor Test: 

1. Give each motor a standard commercial test in the shop of the motor 
manufacturer 

B. Pump Test: 

1. Certified performance field testing. All flow testing to be done in the field. 
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a. Adjustable Speed Pumps: 

1) Adjustable speed pump tests:  Conduct tests as specified above for 
full speed at reduced speeds.  Run one speed test at speed 
required to discharge the minimum rating point.  Run a second test 
at a speed approximately midway between full and minimum 
speed. 

b. Tests on pumps must be conducted using the actual job motor and gear 
reducer. 

2. Run tests in accordance with the latest standards of the Hydraulic Institute, 
where applicable. 

3. Inlet Vacuum Factory Test:  

a. Test assembled pump running on air. 

b. Run test for a minimum of 5 minutes and record vacuum reading which 
must meet or exceed 95 percent full vacuum. 

4. In event that specified field tests indicate that pump, motor or adjustable 
frequency drive will not meet specifications, Construction Manager has 
the right to require complete witnessed tests for all pumps, motors and 
adjustable frequency drives at no additional cost to the Owner. 

5. Repeat tests until specified results are obtained. 

6. Correct or replace promptly all defects or defective equipment revealed by 
or noted during tests at no additional cost to Owner. 

2.7 SHOP PAINTING 

A. Provide as specified in Section 09 91 00 for pump casings. 

B. Give a shop coat of grease or other suitable rust-resistant coating to ferrous 
surfaces obviously not to be painted. 

PART 3 - EXECUTION 

3.1 INSTALLATION: 

A. Install equipment and appurtenances in accordance with manufacturer's printed 
instructions, as indicated and specified. 

B. Install pumping units on a concrete pad.  Assure there is no pipe stress on 
pump piping connections. 

3.2 FIELD CALIBRATION AND TESTING:  

A. General: 
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1. Coordinate testing with operation of other portions of the facility.  Arrange 
for temporary piping and wiring modifications which may be needed if 
chemical cannot be fed at intended dosing points, or if other interconnected 
electrical equipment is not operational. 

2. Calibrate in the presence of the Construction Manager. 

3. After cleaning, completely test each chemical feed system to verify that 
equipment is capable of performing its specified function in satisfactory 
manner without mechanical or electrical defects, binding, or operational 
difficulties.  Correct defects and deficiencies and repeat all tests until 
satisfactory results are obtained.  Correct excessive vibration leakage or 
noise.  Make connections watertight or dusttight. 

4. Demonstrate accuracy of units and bring within limits specified herein. 

5. At the time of the tests, make final adjustments necessary to place 
equipment in satisfactory working order. 

6. Test and calibrate equipment and accessories specified herein in 
accordance with manufacturer's printed instructions over full operating 
range of equipment. 

7. Water testing is permitted where appropriate for preliminary testing 
purposes; however, conduct acceptance tests using appropriate chemicals 
for which each system was designed.  

8. Complete preliminary and calibration testing and corrections prior to 
acceptance testing, as specified herein, to be conducted with the 
manufacturer's technical representative. 

9. Copies of tests to be furnished to the Engineer. 

10. Neutralize and dilute chemicals wasted during testing procedures with 10 
volumes of water prior to disposal into plant drain system.  Direct dumping 
into drains without prior neutralization and dilution is hazardous and not 
permitted. 

11. Identify any exceptions to specification in documentation. 

B. Chemical Pumps (Acceptance Tests): 

1. Submit five copies of manufacturer's preliminary and calibration pump 
curves showing numerical values of pump discharge to nearest tenth of a 
gallon per hour.  

2. Perform testing at 100, 75, 50 and 25 percent of speed settings. 

3. Submit five copies of individual pump calibration curves to Engineer at 
least 15 days prior to acceptance testing.  Notify Engineer in writing when 
pumps are ready for acceptance testing and make no adjustments or 
modifications to pumps after that time, without written permission of 
Engineer. 
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4. During acceptance testing demonstrate correct functioning of control 
stations.   

5. Perform testing in the following manner: 

a. Test pumps by filling calibration standpipe with chemical and measuring 
time to pump a given volume out of the standpipe, with all other 
equipment valved off.  Make test measurements of at least fifty seconds 
duration, using two stopwatches reading time to nearest one-hundredth 
second.  Discard measured times differing more than one-half second.  
Average times differing by one-half second or less.  Record averaged 
time for use in determining acceptability of pumps. 

b. For pumps equipped with back pressure valves, perform testing at the 
back-pressure valve setting of 50 psig. 

6. To determine deviation, compare measured pump output at various settings 
with output indicated by manufacturer's calibration curves.  Pumps with 
deviation greater than plus or minus 3.0 percent of maximum pump output 
are not acceptable.  Add one percent to the allowed tolerances specified 
herein for pumps having adjustable speed drives.  

7. Add 0.5 percent to the deviation for the slurry pumps acceptance. 

8. Demonstrate pumps are capable of pumping zero flow at zero percent 
stroke, 100 percent speed settings.  Pumps unable to meet this requirement 
are not acceptable. 

9. If pump output varies excessively, it is possible the pump is air bound.  
Operate pump for five minutes at back pressure valve setting of 50 psig.  
Pumps unable to relieve themselves of air within five-minute period are not 
acceptable. 

10. Operate pumps for period of four hours to demonstrate satisfactory 
operation.   

3.3 FIELD TOUCH-UP PAINTING: 

A. After installation and accepted testing by the Construction Manager, apply 
touch-up paint to all scratched, abraided and damaged shop painted surfaces.  
Coating type and color shall match shop painting. 

3.4 CONTRACT CLOSEOUT: 

A. Provide in accordance with Section 01 70 00. 

END OF SECTION 
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SECTION 46 33 93.01 

POLYETHYLENE CHEMICAL STORAGE TANKS AND APPURTENANCES 

PART 1 - GENERAL 

1.1 DESCRIPTION: 

A. Provide and test plastic chemical storage tanks and appurtenances as indicated 
and in compliance with Contract Documents. 

B. Provide each chemical storage system complete in details and before 
acceptance make each system fully operational and ready for use by the 
Owner. 

C. Chemical systems to meet: 

1. The rules and regulations for public water systems established by the 
TCEQ in Title 30 Texas Administrative Code (30 TAC), Chapter 290.  

D. Chemical for testing to be supplied by the Owner. 

1.2 REFERENCES: 

A. American Society of Mechanical Engineers (ASME): 

1. B-16.5:  Pipe Flanges and Flanged Fittings NPS 1/2 Through NPS 24 
Metric/Inch Standard 

B. ASTM International (ASTM): 

1. D638:  Standard Test Method for Tensile Properties of Plastics 

2. D648:  Standard Test Method for Deflection Temperature of Plastics Under 
Flexural Load in the Edgewise Position 

3. D746:  Standard Test Method for Brittleness Temperature of Plastics and 
Elastomers by Impact 

4. D790:  Standard Test Methods for Flexural Properties of Unreinforced and 
Reinforced Plastics and Electrical Insulating Materials 

5. D883:  Standard Terminology Relating to Plastics 

6. D1505:  Standard Test Method for Density of Plastics by the Density-
Gradient Technique 

7. D1693:  Standard Test Method for Environmental Stress-Cracking of 
Ethylene Plastics 

8. D1998:  Standard Specification for Polyethylene Upright Storage Tanks 

C. Association of Rotational Molders (ARM): 
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1. Standard Low Temperature Impact Resistance 

D. National Sanitary Foundation (NSF): 

1. 61:  Drinking Water System Components - Health Effects 

E. National Fire Protection Association (NFPA): 

1. 704:  Standard System for the Identification of the Hazards of Materials for 
Emergency Response. 

F. Occupational Safety and Health Association (OSHA): 

1. 29 CFR Part 1910.23 Ladders 

2. 29 CFR Part 1926.104 Safety Belts, Lifelines and Lanyards 

3. 29 CFR Part 1926.500 Fall Protection: Scope, application, and definitions 
applicable to this subpart 

4. 29 CFR Part 1926.501 Fall Protection: Duty to have fall protection 

5. 29 CFR Part 1926.502 Fall Protection: Fall protection systems criteria and 
practices 

G. International Building Code (IBC) 

1.3 SUBMITTALS: 

A. Submit the following in accordance with Section 01 33 00: 

1. When the Contractor proposes tanks which requires an arrangement 
differing from that indicated on the drawings or specified, prepare and 
submit for review detailed structural, mechanical, and electrical drawings 
and equipment lists, utilities consumption schedule and operating 
instructions, showing all necessary changes and embodying all special 
features of the equipment he proposes to furnish.  Make changes, if 
accepted at no additional cost to Owner. 

2. Operating and maintenance instructions and parts lists. 

3. Shop drawings data for accessory items. 

4. Templates or certified setting plans, with tolerances, for anchor bolts. 

5. Number and identify components to correspond with terminology on 
drawings.  Use these numbers on all submittal sheets and shop drawings. 

6. Recommendations for short and long term storage. 

7. Sales bulletins or other general publications are not acceptable as 
submittals for review except where necessary to provide supplemental 
technical data. 

8. Provide a listing of the materials recommended for each service specified 
and indicated. 
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9. ISO 9000 series certification or other quality control manual demonstrating 
a complete system for quality management. 

10. Tank manufacturers must be capable of providing a list of customers using 
at least five (5) similar tanks for the same chemical applications for at least 
ten (10) years. 

11. Material Certification: 

a. Provide certification from the manufacturer that the materials of 
construction specified are recommended and suitable for the service 
conditions specified and indicated.  If materials other than those 
specified are proposed based on incompatibility with the service 
conditions, provide technical data and certification that the proposed 
materials are recommended and suitable for the service conditions 
specified and indicated including an installation list of a minimum of five 
(5) installations in operation for a minimum of three (3) years.  Provide 
proposed materials at no additional cost to the Owner. 

b. Where materials are not specified, provide technical data and 
certification that the proposed materials are recommended and suitable 
for the service conditions specified and indicated. 

12. Certified results of factory tests. 

13. Supporting  documentation that the tank, fittings, gaskets, and fasteners are 
certified to meet NSF/ANSI Standard 61 – Drinking Water System 
Components, for the specified water treatment chemicals. 

14. (NTS:  Edit for the project.) 

15. Recommended baffle design. 

B. Special Requirements: 

1. Manufacturer's specification, catalog data and illustrations. 

2. Tank heating calculations. 

C. A copy of the contract mechanical process, electrical and instrumentation 
drawings, with addenda that are applicable to the equipment specified in this 
section, marked to show all changes necessary for the equipment proposed for 
this specification section.  If no changes are required, mark all drawings with 
"No changes required". 

1. Failure to include all drawings applicable to the equipment specified in this 
section will result in rejection of the entire submittal with no further review. 

D. A copy of this specification section with addenda and all referenced 
specification sections with addenda, with each paragraph check-marked to 
indicate specification compliance or marked to indicate requested deviations 
and clarifications from the specified requirements. 
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1. If deviations and clarifications from the specifications are indicated, 
therefore requested by the Contractor, provide a detailed written justification 
for each deviation and clarification. 

2. Failure to include a copy of the marked-up specification sections and or the 
detailed justifications for any requested deviation or clarification will result in 
rejection of the entire submittal with no further review and consideration. 

1.4 QUALITY ASSURANCE: 

A. Do work required by and in accordance with applicable State and local codes; 
arrange for permits, inspections and tests required by these codes; and provide 
complete systems ready for use.  Provide tanks and accessories that conform 
to applicable safety standards including those for safety of personnel. 

B. Provide components to manufacturer's standard for service intended unless 
otherwise required. 

C. Provide components and accessories of manufacturers' latest and proven 
design. 

D. The drawings and specifications direct attention to certain required features of 
the tanks, but do not purport to cover details entering into its design, 
construction and installation; nevertheless, provide tanks so that systems will be 
complete and ready for operation. 

E. Provide supervisory services for satisfactory installation, with factory-trained 
serviceman to assist in determining location and orientation.  

F. Coordinate the work schedule of other parts of the chemical systems 
manufacturer's service personnel during construction, testing, start-up, and 
acceptance, to coordinate with the tank manufacturer. 

G. Upon completion of the installation, provide services of above serviceman for 
field testing. 

H. Clean tanks internally prior to shipping. 

I. Shop test and provide certificates as specified. 

J. Turn on no form of energy to any part of system prior to receipt by Construction 
Manager of certified statement of approval of installation from Contractor 
containing his supplier's authorization to energize system unless done by the 
supplier's servicemen may do so for purposes of checkout. 

1.5 DELIVERY, STORAGE AND HANDLING: 

A. Comply with the requirements specified in Section 01 65 50– “Product Delivery, 
Storage, and Handling.” 
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PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION: 

A. General: 

1. Tank plans, elevation and data as indicated.   

2. Tank data includes pressure, temperature, shell, head, connections, 
materials, design and construction details along with nozzle information. 

3. Provide tanks with lifting lugs for handling and a tie-down system for 
installation. 

4. Provide tank nozzles meeting ASME B-16.5, as indicated.  Project nozzles 
at least 4-inches (100 mm) from the tank surface. 

5. Provide overflow pipe support brackets on side of tank, to support overflow 
pipe. 

6. Provide tank configuration to allow for gravity feed of solution from tanks to 
metering pumps.  Provide tank configurations as indicated. 

7. Equip tank with an internal support bracket for holding level instrument as 
specified and all interior piping. 

8. Provide spare connections with the specified type of nuts, bolts, gaskets 
and blind flanges. 

9. Provide manway with pressure relief device on tank with gasketed cover.   

10. Clean tanks internally prior to shipment to meet NSF 61.  Ship tanks 
protected to prevent damage to tanks and their protective coatings.  Provide 
open nozzles with masonite or plywood covers. 

11. Provide tanks with anti-swirl baffles as specified. 

12. Where tanks are specified to require vertical or clamp-on mixers, provide 
necessary supports, and coordinate design of these supports between 
mixer and tank manufacturers with respect to loadings and other mounting 
details to ensure that mixer loads are transmitted to tank walls without 
undue stresses or undesirable instability or vibrations. 

13. For tanks specified to have mixers, coordinate clearances required for 
mixer removal with tank design and location in building. 

14. Where tanks specified require anti-swirl baffles, incorporate them within 
tank as recommended by mixer manufacturer.  Coordinate 
recommendations of mixer manufacturer and tank manufacturer with 
respect to whether or not baffles are required, and if so location and size of 
baffles. 

2.2 TANKS: 

A. Cross-Linked Polyethylene Tank(s): 
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1. Cross-Link Polyethylene Tank Fabricators: 

a. Assmann.  

b. RTS Plastics. 

c. Poly Processing. 

d. Snyder. 

e. ACO Containers. 

2. Provide High Density Cross-Linked Polyethylene Vertical storage tank, with 
all accessories as specified.  See ATTACHMENT for specific tank 
information. 

3. The HDXLPE Tanks shall be as manufactured in accordance with the 
definitions given in ASTM-D 1998 Type I (Standard Specification for 
Polyethylene Upright Storage Tanks).  The tanks shall be manufactured by 
the rotational molding process. 

4. The tanks shall be designed for 1.90 Specific Gravity using a hoop stress 
value of no greater than 600 psi at 100 degrees F, with a safety factor of no 
less than 2, using the Barlow Formula for calculating wall thickness.  For 
applications in excess of 100 degrees F design conditions, lower values for 
the design hoop stress shall be used. 

5. The tank shall be molded from a virgin High Density Cross-Linked 
Polyethylene resin, with no fillers. 

6. All dome fittings shall be PVC self-aligning bulkhead type.   

7. All fittings which are below the liquid level shall be flange style.  There shall 
be a single 150 lb. ANSI PVC flange and a 1/4-inch gasket attached to the 
inside tank wall.  The flange shall be bolted to the tank from the inside with 
a minimum of four (4) 1/2-inch diameter all thread bolts with bolt heads 
encapsulated in black polyethylene.  The encapsulation shall be a minimum 
of 1/4-inch of the threads closest to the bolt head.  Each bolt shall have a 
1/4-inch EPDM gasket with head on the inside of the tank. 

a.  The outlet/drain fitting may have a siphon leg attachment. 

b. A molded in fitting is required for tank fittings at the bottom (invert).  It 
shall be molded from the same material as the tank. 

8. Impact Test: Shall be done in accordance with ASTM D746.  Standard 
method shall be used in this test. 

9. The nominal value for the properties of the polyethylene plastic material 
shall be as follows, as supplied by the resin suppliers. 
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Test Procedure Units XLPE 

Density/ASTM D1505 g/cc 0.940 to 0.945 

ESCR Cond. A, F50/ASTM D1693 
10 Percent Igepal 

Hrs. >1000 

Tensile Strength/ASTM D638 psi 2,600 

Flexural Modulus/ASTM D790 psi 100,000 to 
110,000 

Heat Distortion Tem./ASTM D648 At 
66 psi 

Degrees C 67 Degrees 

Long Term Hydrostatic (LTHS) 
(Creep) 

psi 900 

FDA-grade resin - Yes 

UV-stabilized - Yes 
 

10. All edges cut out for manway or other openings shall be trimmed to have 
smooth edges. 

2.3 TANK ACCESSORIES: 

A. Flexible Expansion Joints: 

1. Provide one expansion joint per tank per side wall connections. 

2. Provide to allow the tank to expand and contract when filling and draining. 

B. Wind and Seismic Restraint System: 

1. To be designed to the latest IBC 2015.  Provide a restraint system 
calculation stamped and signed by a third party engineer registered in the 
State of Texas. 

2. Provide with foot pads and anchors for concrete as required by the stamped 
and signed calculations. 

3. Provide with cable and turnbuckle assemblies 

C. Sight Gauge: 

1. To be provided with two PVC/CPVC tank sight gauge isolation valves.  
Bottom valve to have a drain for the sight gauge. 

2. Provide a clear PVC sight gauge of a material resistant to U.V. 

D. Ladders: 

1. Rigid ladders to be provided on each tank as shown on tank data drawings. 

2. Ladders to be in accordance with OSHA 29 CFR Part 1910.23, Ladders. 
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3. Provide with a ladder safety device conforming to OSHA 29 CFR Part 
1910.23 for ladders above six feet in height.  Provide one personnel full 
body harness in conformance with OSHA 29 CFR Part 1926.104 and 
associated attachments for every two tanks provided.  Ladder safety device 
shall be provided in addition to any cage or landing required or shown. 

4. Ladder rungs to be nonskid of fiberglass on one foot centers, two foot wide. 

2.4 TANK SIGNAGE: 

A. National Fire Rating (NFR): 

1. Provide signage in accordance with Section 10 14 00– “Identification 
Devices.” 

2. Provide signage for the National Fire Rating System (NFR) designation 
conforming to NFPA 704, for the chemicals contained in the tanks. 

3. Provide two (2) signs per tank.  Location to be determined in the field by the 
Construction Manager for proper visibility. 

4. Signs to be vinyl, screen printed with UV resistant inks, and a minimum of 
18 inches per side.  No mechanical fasteners are allowed. 

B. Provide signage for identifying for the chemicals contained in the tanks. 

1. Provide two (2) signs per tank.  Location to be determined in the field by the 
Construction Manager for proper visibility. 

2. Letters to be 6-inches high, colors of letters and background to be 
submitted for acceptance.  Signs to be vinyl and screen printed and UV 
resistant inks.  No mechanical fasteners are allowed. 

PART 3 - EXECUTION 

3.1 INSTALLATION: 

A. Install tanks in accordance with printed instructions of fabricators, as indicated 
and specified. 

1. Do not use fittings for handling. 

2. Install on concrete pads. 

3. Provide pad as recommended by the tank supplier. 

4. Assure there is no stress on tank nozzles. 

3.2 FIELD PAINTING: 

A. Specified in Section 09 91 00 – “Painting and Protective Coating” . 

3.3 ACCEPTANCE TESTING: 

A. Tanks: 
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1. Owner will provide all chemicals for testing. 

2. Supply all pipe, hose, pumps, water, power and other equipment required to 
convey the test liquids and carry out the tests. 

3. After installation, clean tanks of loose debris and dry prior to tests. 

4. Test tanks for leaks or damage prior to use.  Certification to ASTM D-1998. 

5. Test tanks with water first and then with specified chemical. 

6. Do not test acid tanks with water; use air at pressure of 5 psig for one hour 
prior to test with acid. 

7. Test tanks with each liquid for period of 24 hours during which no visible 
leakage is acceptable. 

8. Where hydrostatic testing of tanks is specified, apply required hydrostatic 
test pressure in addition to pressures imposed by filling tank with required 
liquid.  In order to simulate these conditions, attach standpipe to top of tank, 
and fill tank and standpipe assembly with water.  Measure height of 
standpipe above highest point of tank.  Provide standpipe of height equal to 
height of tank times difference between specified gravity of required liquid 
and specific gravity of water, plus additional height equal to hydrostatic test 
pressure specified.  Leakage during four hour test not acceptable. 

9. Repair leaks or damage by tradesman skilled in that type of work at no cost 
to the Owner. 

3.4 CONTRACT CLOSEOUT: 

A. Provide in accordance with Section 01 70 00 – “Execution and Closeout 
Requirements.” 

END OF SECTION 
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ATTACHMENT 
 

A. Sodium Hypochlorite (CLO) Tanks 

1. Number of Tanks: 2 

2. Tank Scale Manufacturer: Not Applicable 

3. Tank Insulation:     2” Polyfoam Insulation 

4. Chemical Storage Requirements 

a. Chemical to be stored:  Sodium Hypochlorite (CLO) 

1) Concentration:   12.5% 

2) Pressure: Atmospheric 

b.    Dimensional Requirements 

1) Nominal outside diameter: 10'-0" 

2) Nominal Sidewall Height: 14'-6" (overall height) 

3) Nominal Capacity: 7,300 gallons 

4) Shape: Flat Bottom, Dished Top 

5) Ladder: Per Specification and Drawings 

6) Low Level Alarm (feet):  2’ 6” above base slab 

7) High Level Alarm (feet):  12’ above base slab 
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B. Liquid Ammonium Sulfate (LAS) Tanks 

1. Number of Tanks:    2 

2. Tank Scale Manufacturer: Not Applicable 

3. Tank Insulation:     None 

4. Chemical Storage Requirements 

a. Chemical to be stored:  Liquid Ammonium Sulfate (LAS) 

1) Concentration:   38.0% 

2) Pressure: Atmospheric 

b. Dimensional Requirements 

1) Nominal outside diameter:  7'-6” 

2) Nominal Sidewall Height:  9'-0" (overall height)   

3) Nominal Capacity: 2,500 gallons 

4) Shape: Flat Bottom, Dished Top 

5) Ladder: Per Specification and Drawings 

6) Low Level Alarm (weight):  2’ 6” above base slab 

7) High Level Alarm (weight):  6’-6” above base slab 

END OF SECTION 
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SECTION 46 41 12 

STATIC MIXERS AND APPURTENANCES 

 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes the furnishing, installation and testing of static mixers and 
appurtenances as indicated and in compliance with Contract Documents. 

1.2 MEASUREMENT AND PAYMENT 

A. No separate measurement or payment for work performed under this Section.  
Include cost of same in Contract price bid for work of which this a component 
part. 

1.3 REFERENCES 

A. This specification references the following publications in their current editions.  
The publications listed below form a part of this specification to the extent 
referenced.  The publications are referred to in the text by basic designation 
only. 

1. National Sanitation Foundation International (NSF):  NSF/ANSI 61 - 
Drinking Water System Components - Health Effects 

2. Texas Commission on Environmental Quality (TCEQ) Guidelines 

1.4 SUBMITTALS 

A. Submit the following in accordance with Section 01 33 00 and Section 01 78 23. 

B. Submit the following shop drawings: 

1. Data regarding static mixers characteristics and performance: 

a. Prior to fabrication and testing, provide guaranteed performance curves 
based on actual shop tests of duplicate mixers, showing they meet 
indicated and specified requirements for capacity, and pressure drop. 

b. Curve of flow vs pressure drop. 

c. Results of shop performance tests as specified 

d. Submit curves for guaranteed performance, and shop performance 
tests on 8-1/2-inch by 11-inch sheets, one curve per sheet.  

2. Shop drawing data for accessory items 

3. Manufacturer's literature as needed to supplement certified data 

4. Operating and maintenance instructions and parts lists 

5. Certified results of hydrostatic testing 
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6. Shop and field inspection reports 

7. Special tools (if applicable) 

8. Material Certification: 

a. Provide certification from the equipment manufacturer that the materials 
of construction specified are recommended and suitable for the service 
conditions specified and indicated. 

b. Where materials are not specified, provide technical data and 
certification that the proposed materials are recommended and suitable 
for the service conditions specified and indicated. 

1.5 RELATED REQUIREMENTS 

A. Drawings show general arrangement, location, and basic dimensions.  Related 
work as called for on Drawings or specified in this or other Specification 
Sections. 

1. Section 01 33 00 – “Submittals” 

2. Section 01 78 23 – “Operations and Maintenance Data” 

3. Section 40 91 10 – "Primary Elements with Transmitters” 

4. Section 46 33 12 – “Chemical Injectors and Diffusors” 

1.6 QUALITY ASSURANCE 

A. Static mixers shall be the product of one manufacturer 

B. Static mixers shall be manufacturer’s standard cataloged product and modified 
to provide compliance with the drawings, specifications and the service 
conditions specified and indicated 

C. Shop tests as specified 

D. Provide services of factory-trained Service Technician, specifically trained on 
type of equipment specified 

E. Service Technician must be present on site during installation. 

1.7 SYSTEM DESCRIPTION 

A. Static mixer capacities and operating data are indicated in the ATTACHMENT. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Deliver all materials and equipment to jobsite with sufficient protection to ensure 
arrival in undamaged condition. 

B. All equipment is to be stored so as to be completely protected from damage 
and exposure to the elements until installation 

C. Handle all components in accordance with manufacturer's instructions to 
prevent damage. 
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1.9 - 1.12 (NOT USED) 

1.13 WARRANTY 

A. Provide OWNER with manufacturer's warranty guaranteeing the mixers and 
associated equipment to be free from defects in workmanship and materials, 
under normal use and service, for two (2) years from date of Substantial 
Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with the requirements of this Section, provide equipment 
from the following manufacturers. 

B. Static Mixers 

1. Westfall 

2. Or Approved Equal 

C. Injectors / Diffusers 

1. SAF-T-FLO 

2. Or Approved Equal 

2.2 MATERIALS AND/OR EQUIPMENT 

A. Static Mixer Construction: 

1. The static mixer shall be of a compact ring body design for mounting 
between two standard 150# pipe flanges flat faced to match steel pipe 
flanges. 

2. The ring body shall be a minimum thickness of 3.00 inches and shall be 
fabricated from PVC. 

3. Provide the mixer with an open structure guaranteeing reliable operation 
without the danger of clogging. 

4. Ring type NSF-61 approved EPDM gaskets shall be furnished and adhered 
to both sides of the mixer body. 

5. The mixer plate shall be computer designed to provide a geometric shape 
which will create the mixing vortices to effectively mix the injected fluid(s) 
with the main process fluid. 

6. The average variation in the process stream of the injected fluid shall be 
within 5% of the mean value at 10 pipe diameters downstream of the mixer. 

7. The mixer plate shall be no less than .500 inches thick and shall be formed 
from PVC. 

8. The mixer plate shall be mounted in a machined cavity on the upstream side 
of the ring body.  
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9. The mixer body, mixing plate and injector materials shall be suitable for 
handling the process and injection fluids. 

10. The entire mixer must be NSF 61 certified and provided with documentation 
during the submittal process acknowledging this certification is available for 
each of the specified size(s) of static mixers. In addition, NSF 61 certification 
paperwork will be supplied with the shipped static mixer attesting to NSF 61 
certification for the static mixer. Submittals or any other form of paperwork 
certifying that the static mixer is made from individual NSF 61 certified 
materials shall be considered a deviation from this specification. 

11. The interior and exterior of entire mixer shall be coated as specified in 
Technical Specification Section 09 91 00. 

B. Transmitter: 

1. Provide pressure transmitters as shown in the Drawings and as specified in 
Technical Specification Section 40 91 10. 

2. Gauge Range:  0 to 100 psi (0 to 690 kPa). 

3. Mixer manufacturer to provide recommended field testing as specified 
herein. 

C. Solution Diffuser: 

1. Refer to Section 46 33 12 

2.3 SHOP TESTING: 

A. Provide certified performance test data confirming the uniformity and pressure 
drop. 

B. In the event that specified tests indicate that the static mixer will not meet the 
specified requirements, repeat tests until specified results are obtained 

C. Correct or replace promptly all defects or defective equipment revealed by or 
noted during tests at no additional cost to the Owner. 

PART 3 - EXECUTION 

3.1 INSTALLATION AND CONSTRUCTION 

A. Materials and equipment to be installed in accordance with accepted shop 
drawings, manufacturer’s written instructions and applicable codes and 
ordinances 

3.2 REPAIR/RESTORATION (Not Used) 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer’s Service Technician to assist Contractor in testing all equipment 
to ensure that it functions properly 

B. Upon satisfactory completion of testing, the Manufacturer’s Service Technician 
will assist the Contractor in installation and placing system in operation. 
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C. Manufacturer’s Service Technician to assist Contractor in instructing the 
OWNER's personnel in operation and maintenance of equipment. 

3.4 FIELD TESTING: 

A. Test piping connections to prove the chemical function nozzles are installed 
with the pipe in a free supported state and without need to apply vertical or 
horizontal pressure to align piping with static mixer connections nozzles. This 
must be performed and the piping acceptable prior to any field performance 
testing. 

B. Field testing will not be conducted without an accepted procedure, calibration 
certificates for all testing equipment, gauges and flow meters and a completed 
and signed pretesting check list. 

C. After installation of static mixers, and after inspection, operation, testing and 
adjustment have been completed by the manufacturer’s field service technician, 
conduct running test for each static mixer in presence of the OWNER/Engineer 
to determine its ability to operate within the vibration and temperature limits 
specified, and to deliver its rated capacity under specified conditions. 

1. During tests, observe and record, capacity and pressure drop.  

2. Immediately correct or replace all defects or defective equipment revealed 
by or noted during tests at no additional cost to the Owner.   

3. Repeat tests until specified results are obtained.   

4. Contractor is to provide all water labor, piping, testing equipment, 
equipment, flow meters and test gauges for conducting tests. 

a. Contractor shall provide calibrated test gauges for all permanently 
installed gauges and portable calibrated flow meters. 

b. All calibrations must be within 30 days of the field testing. 

c. The testing will not be started and will not be accepted until the 
calibrated testing equipment stated above is operational and all 
certifications have been submitted. 

D. Make all adjustments necessary to place equipment in specified working order 
at time of above tests. 

3.5 -3.6 (NOT USED) 

3.07 FIELD TOUCH-UP PAINTING: 

A. After installation and accepted testing by OWNER/Engineer, apply touch-up 
paint to all scratched, abraded and damaged shop painted surfaces.  Coating 
type and colour shall match shop painting. 

3.6 -3.10 (NOT USED) 
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ATTACHMENT 

A. Static Mixers and accessories: 

1. Number of mixers: 2 

2. Size of Mixer: 72"  

3. Mixer Manufacturer: Westfall 

4. Model No.: 6000 

5. Minimum Water Flow: 15.7 MGD 

6. Maximum Water Flow; 200 MGD 

7. Mounting Flanges: 72" Class B For 01-S-MX-01001 

                                                      72" Class D For 01-DH-MX-03001 

8. No. of Injection Ports: 0 

9. Body Material:                               Carbon Steel 

10. Fins Material:                                 316 Stainless Steel 

11. Center Fin Orientation:                  Same as Chemical Injectors 

12. Interior Coating:                             Per Specification 09 80 10 & 33 11 
13.02 

13. Exterior Coating:                            Per Specification 09 91 00 & 33 11 
13.02 

14. Operating Conditions: 

a. Fluids: Drinking Water 

b. Pipe Pressure: 10 to 100 psi 
 

END OF SECTION 
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SECTION 46 75 05 

MULTI-PARAMETER ANALYZER SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY  

A. This Section includes the furnishing and installation of Two (2) chemical 
analyzers for continuous monitoring and testing for free ammonia, total 
ammonia, total monochloramine and total residual chlorine concentration from 
four different sample points. Each analyzer shall be able to analyze samples 
from two different sample points. 

1.2 MEASUREMENT AND PAYMENT 

A. No separate payment will be made for work performed under this Section.  
Include cost of same in Contract price bid for work of which this is a component 
part. 

1.3 REFERENCES 

A. This specification references the following publications in their current editions.  
The publications listed below form a part of this specification to the extent 
referenced.  The publications are referred to in the text by basic designation 
only. 

1. The Chlorine Institute, Inc. – Chlorine Manual 

2. NEMA ICS 1: Industrial Control and Systems General Requirements  

3. ISO 9001: Quality Management Systems – Requirements 

4. Texas Commission on Environmental Quality 30 TAC Chapter 290 

1.4 SUBMITTALS 

A. Submit the following in accordance with Section 01 33 00: 

1. Certified shop and working drawings 

2. Certified setting plans, with tolerances, for anchor bolts 

3. Operating and maintenance instructions, service manuals, and parts lists 

4. Shop drawing details for accessory items 

5. Number and identify components to correspond with terminology on Plans.  
Use these numbers on all submittal sheets and shop drawings 

6. Recommendations for short and long term storage 

7. Sales bulletins or other general publications are not acceptable as 
submittals for review except where necessary to provide supplemental 
technical data 
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8. ISO 9001 certification or other quality control manual demonstrating a 
complete system for quality management 

9. Manufacturer will provide a list of customers using at least five (5) similar 
anhydrous ammonia equipment systems for at least ten (10) years 

10. Material Certification: 

a. Provide certification from the manufacturer that the materials of 
construction specified are recommended and suitable for the service 
conditions specified and indicated. 

b. If materials other than those specified are proposed based on 
incompatibility with the service conditions, provide technical data and 
certification that the proposed materials are recommended and suitable 
for the service conditions specified and indicated including an installation 
list of a minimum of five (5) installations in operation for a minimum of 
three (3) years.  Provide proposed materials at no additional cost the 
Owner. 

c. Where materials are not specified, provide technical data and certification 
that the proposed materials are recommended and suitable for the 
service conditions specified and indicated. 

11. Provide Installation, Operations and Maintenance, and Troubleshooting 
Manuals. 

12. Provide an Operations and Maintenance Manual (O&M) in accordance with 
Section 01 78 23. 

1.5 RELATED REQUIREMENTS 

A. Section 01 33 00 – "Submittals" 

B. Section 01 43 00 – "Contractor’s Quality Control"  

C. Section 01 78 23 – "Operations and Maintenance Data" 

D. Section 46 24 15 – "Chemical Piping, Valves, and Appurtenances" 

E. Section 46 33 11 – "Sodium Hypochlorite (CLO) Chlorination Feed Equipment 
System" 

F. Section 46 33 16 – “Liquid Ammonium Sulfate (LAS) Feed Equipment System” 

G. Section 46 75 06 – “In-line Circulator Pumps” 

1.6 QUALITY ASSURANCE 

A. Comply with the requirements specified in Section 01 43 00. 

B. Do work required by and in accordance with applicable State and local codes; 
arrange for permits, inspections and tests required by these codes. 

C. Provide systems and items of equipment that conform to applicable safety 
standards including those for safety of personnel. 



WHCRWA  
CENTRAL PUMP STATION MULTI-PARAMETER ANALYZER SYSTEMS 

 

WHCRWA CENTRAL PUMP STATION 
MULTI-PARAMETER ANALYZER SYSTEMS 

46 75 05 - 3 OF 10 

D. Provide components to manufacturer's standard for service intended unless 
otherwise required. 

E. Provide equipment of manufacturers’ latest and proven design.  Unit to be a 
standard cataloged product and as specified and indicated.  

F. Provide a qualified technical representative of the manufacturer to inspect the 
completed equipment installation, make all the adjustments necessary to place 
the equipment in trouble-free operation, and to instruct operating personnel in 
the proper care and operation of the equipment furnished. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Pack materials to permit ease of handling and to provide protection from 
damage during shipping, handling and storage. 

1.8 WARRANTY 

A. Warranted from manufacturer defects for two years from date of shipment. 

B. For a period of 24 months from substantial completion, the manufacturer shall 
warrant that the equipment shall be free of in material and workmanship under 
normal use and service, when properly installed. 

C. Contractor will provide a Manufacturer’s Service Agreement that covers all of 
the Manufacturer’s recommended preventative maintenance and any necessary 
repairs beginning from the time of equipment startup through to end user 
acceptance / plant turnover and the first 24 months of end-user operation post 
turnover. 

PART 2 - PRODUCTS 

2.1 MANUFACTURER(S) 

A. Analyzer 

1. Applied Spectrometry Associates, Inc. 

2. Or Approved Equal 

2.2 MATERIALS AND/OR EQUIPMENT 

A. Analyzer 

1. Provide a wall-mounted ChemScan Model UV-2150/S Process Analyzer as 
manufactured by Applied Spectrometry Associates, Inc. or approved equal. 

2. The analyzer shall be capable of measuring free ammonia (FA), total 
ammonia (TA), total chlorine (TC), and total monochloramine (MC) from two 
(2) different sample points. The analyzer will automatically sample from one 
or two sample locations.  

3. The analyzer shall pull water samples from each of two (2) sample water 
locations and discharge the tested water sample into the analyzer drain line 
which is tied into the existing sanitary system. 
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a. Provide and install, if needed, a pressure reducer in each sample water 
line to meet the analyzer’s pressure requirement. 

b. Sample flow to the analyzer shall be drawn through a tee connection in 
the sample water line into a minimum one-quarter inch inside diameter 
(¼" I.D.) poly-tube (PET) bypass line with a minimum incoming pressure 
of 10 psi at the analyzer sample inlet and a sample flow of 0.13 gallons 
per minute (gpm) [0.5 L/min] to 1.32 gpm (5.0 L/min).  

c. Provide and install a pressure gauge on each sample water supply line 
between the pressure reducer and the sample inlet. 

4. Operating range for each chemical shall be as follows: 

a. 0.02 to 1.00 parts per million (ppm) as nitrogen (N) for FA 

b. 0.02 to 2.00 ppm as N for TA 

c. 0.05 to 5.00 ppm as chlorine (Cl2) for MC 

d. 0.05 to 5.00 ppm as Cl2 for TC 

5. The analyzer shall not use ion-selective electrodes for analysis. The 
analyzer shall not use toxic reagents for ammonia analysis including Nessler 
reagent, phenate, or salycalate. Multiple wavelength spectrophotometric 
methods of analysis are allowed, provided that a minimum of 15 
wavelengths are used for analysis. All chemical reagents in contact with the 
water samples shall be NSF 61 approved. 

6. The analyzer shall be capable of detecting all four (4) designated 
parameters in water samples from two (2) different sample points. Each 
sample water line shall have a separate inlet into the analyzer, with sample 
flow through the inlet and the analyzer flow cell controlled by an internal 
sample manifold. The analyzer is capable of controlling the sample analysis 
cycle and flush time through operator initiated commands in the analyzer 
controls. External sample manifolds and sample manifolds not furnished by 
the analyzer manufacturer are prohibited. All designated parameters shall 
be completely analyzed for all designated parameters within five (5) minutes 
or less following the flush period for any sample water line. Sample transport 
time and reagent reaction times in excess of five (5) minutes are prohibited. 

7. A filter is required for sample water sources with solids greater than 150 
mg/L or turbidity higher than 60 NTU. 
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8. The analyzer shall be capable of automatic zeroing using a distilled or de-
ionized water standard and automatic cleaning using a cleaning solution 
recommended by the manufacturer. Zeroing shall be performed 
automatically by the analyzer at intervals set by the operator. Cleaning shall 
be performed based on self-test set points measured during the zeroing 
cycle. The analyzer shall contain an internal pump for the introduction of 
zeroing and cleaning solutions and a manifold to interrupt sample flow and 
replace it with a flow of zero standard or cleaning solution. Gravity feed, 
manual introduction, or external pumps for zeroing and cleaning are not 
acceptable. The flow cell chamber shall be easily removed for cleaning 
without disconnection of power, sample lines, light source, or detection 
optics. The flow cell shall be thermally protected from condensation by the 
use of inert gas between the internal sample windows and the external light 
entry or exit windows. Contractor shall provide an open drain line in close 
proximity to the analyzer as shown on the Plans. 

9. The analyzer shall have internal memory with lithium battery backup. The 
memory log shall be a 1,000 analysis cycle memory log available for access 
through an RS-232 serial port. 

10. Electronics, optics, external keypad, and cabinet mounted interface display 
shall be in a NEMA-4X enclosure. Flow cell module, internal manifold, 
internal pump, and reagent injection system shall be in an attached NEMA-
3R stainless steel enclosure. 

11. Power for the analyzer and the zero/clean pump shall be a 4 amp maximum 
at 120V AC, 60 cycle. Provide a NEMA 5-15P plug and cord to for 
connection to a UPS. 

12. Contractor shall provide a 316 stainless steel Unistrut channel frame (or 
equal), to wall-mount the analyzer inside the building as shown on the 
Plans.   

13. The ambient temperature inside the building shall not be greater than 35°C 
or less than 5°C. 

B. Communications 

1. The analyzer will generate 4-20mA signals for each measured chemical 
residual and send signals to the customer operated control panel or PLC 
and/or the Owner’s Supervisory Control and Data Acquisition (SCADA) 
system.  

2. The analyzer shall be programmed to send alarm signals to the autodialer 
when the measured FA or TC levels fall below or exceed the most current 
requirements of the Texas Commission on Environmental Quality (TCEQ) 
30 TAC §290 rules and regulations. The chemical residual level set points 
shall be field adjustable.  Alarm signals shall be adjustable to any residual 
within the analyzer range.   

3. The following alarms can be programmed: 
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a. Low alarm point for each chemical sample, 

b. High alarm point for each chemical sample, 

c. Analyzer failures, and 

d. Analyzer maintenance. 

4. The analyzer shall provide continuous, dedicated 4-20mA outputs for each 
measured chemical residual. All outputs will be held at the most recent 
analysis value until updated by a new analysis. Outputs will also be held 
constant during auto zero and clean cycles. 

5. The analyzer shall be provided with a network communications board and 
associated software for instrument control. 

6. The analyzer will show alarm conditions on its face and produce alarm 
outputs for programmable chloramine concentrations or for system 
malfunctions from a self-diagnostics system. 

C. Electrical Interface 

1. The analyzer manufacturer shall provide a wall-mounted electrical interface 
compatible with its analyzer specified above. The electrical interface 
enclosure shall be a NEMA-4X enclosure. 

2. Contractor shall provide a 316 stainless steel Unistrut channel frame (or 
equal), to wall-mount the electrical interface inside the building as shown on 
the Plans.  

3. The electrical interface shall be connected to the analyzer with a network 
cable providing power and electrical signal to the interface. The interface 
shall have four (4) 4-20mA signal analog outputs for each of the two (2) 
sample water sources to send information to the proposed data logger. 

4. The electrical Interface shall have a minimum of ten (10) relay outputs 
connected to the existing automatic telephone dialer to communicate high 
and low chemical residuals for each chemical sample, analyzer failure, and 
analyzer maintenance alarms. 

D. Analyzer Accessories 

1. Manufacturer shall provide three month supply of reagents including reagent 
containers. 

2. Contractor to supply three-month supply of DI water and muriatic acid 
including storage containers. 

3. Applied Spectrometry Associates, Inc. single instrument software license for 
chemometric algorithm suitable for on-line analysis of the four (4) 
designated parameters. 
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4. Contractor to provide and install one (1) APC Back-UPS RS 900VA (BR900) 
540W/900VA, or Engineer approved equal, uninterruptible power supply 
(UPS).  The UPS shall have an input and output voltage of 120 V, a 
minimum 500 watts, 900 VA of output power, an audible and visual alarm for 
battery failure notification, a maintenance free sealed lead acid battery, and 
an operating environment of 32 to 104 degrees Fahrenheit. 

PART 3 - EXECUTION 

3.1 ERECTION/INSTALLATION APPLICATION AND/OR CONSTRUCTION 

A. Analyzer Installation 

1. Contractor shall install the analyzer on the wall inside the building located as 
shown on the Plans.  All Unistrut channels, brackets, and hardware used for 
mounting shall be 316 stainless steel. 

2. Tie the proposed sample water lines into the existing sample water supply 
lines valved off or capped inside the building. Verify the existing sample 
water lines are flowing prior to tying into new piping. 

3. Provide and install each proposed sample water line with true union ball 
valves, a true union ball check valve, and fittings as shown on the Plans. 
Provide 316 stainless steel Unistrut channels, brackets, and hardware as 
needed to securely attach the piping to the interior building wall face. 

4. Provide and install one (1) one-inch PVC Schedule 80 by one quarter inch 
(1"x¼") I.D. PET adapter for each analyzer sample water source with the 
PET tied into a ¼-inch (¼") PVC Schedule 80 sample water supply line. 

5. Provide each PVC Schedule 80 analyzer sample water supply line with one 
(1) ¼-inch PVC ball valve, one (1) ¼-inch PVC 100 mesh wye strainer, one 
(1) ¼-inch rotameter (0 – 10 GPM), one (1) ¼-inch pressure gauge (0 – 100 
psi), and one (1) pressure regulator = as shown on the Plans. 

6. Provide and install a three-inch PVC Schedule 80 wall-mounted drain line 
assembly below the analyzer drain port as shown on the construction 
drawings. The horizontal piping shall be sloped slightly along the wall to 
allow the piping to gravity flow into the storm sewer drain. Provide a 
minimum one-inch (1") air gap and an in-line “P” trap in the drain line as 
detailed on the Plans.  Provide 316 stainless steel Unistrut channels, 
brackets, and hardware as needed to securely attach the piping to the 
interior building wall face. 

7. Prior to pressure testing the new sample line piping, remove or valve off 
from the sample lines all instrumentation and appurtenant equipment that is 
not capable of withstanding the hydrostatic test pressure. 

8. All piping inside the building shall have adhesive stickers indicating the 
direction of flow. 
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9. Install all piping, fittings, valves and appurtenances required to install and 
operate the analyzers in accordance with Section 46 24 15 and the Plans. 

10. For all associated chlorination equipment to be installed, refer to Section 46 
33 11. 

11. For all associated liquid ammonium sulfate (LAS) equipment to be installed, 
refer to Section 46 33 16. 

3.2 DEMONSTRATION / TESTING AND INSPECTION 

A. Contractor shall include the Manufacturer’s services of a factory-trained 
representative to perform installation and start-up of the instrument.  Activities 
to include basic operational training and certification of performance of the 
instrument. 

B. Manufacturer’s technical representative to assist Contractor in testing and 
calibration of all components.  And shall correct any defects or malfunctions of 
the equipment. 

C. Provide four (4) hours of training by the representative for the plant operating 
personnel, including start- up and calibration of the analyzer. The training may 
be videotaped by the Owner and the manufacturer will be allowed to edit the 
videotape. 

D. Start-Up Procedures: 

1. Following construction, but prior to commissioning equipment for normal 
use, the Manufacturer shall perform a start-up inspection to verify the proper 
operation of the equipment and its conformance with the specified duty 
condition.  

2. The inspection shall be performed by a factory-trained representative of the 
Manufacturer. Results shall be documented by the Manufacturer’s 
representative and shall be on factory letterhead, signed by the individual 
conducting the tests, and provided to the Engineer.  

3. If a formal start-up is to be created at a later date, the field notes must be 
copied and given to the Engineer immediately upon completion of the tests. 
Ensure Engineer is present to witness the start-up of the analyzer 
equipment.  

E. Test chlorination system per Section 46 33 11. 

F. Test LAS system per Section 46 33 16. 

  



WHCRWA  
CENTRAL PUMP STATION MULTI-PARAMETER ANALYZER SYSTEMS 

 

WHCRWA CENTRAL PUMP STATION 
MULTI-PARAMETER ANALYZER SYSTEMS 

46 75 05 - 9 OF 10 

ATTACHMENT 
 

A. Chemical Analyzer  

1. Manufacturer:  Applied Spectrometry Associates, Inc.  

2. Model:  ChemScan Model UV-2150/S 

3. Quantity:                                Two (2) 

4. Type of Mounting: Wall Mounted 

5. Power connection: Directly connected or use a power cord 

6. Time between samples: 15 Minutes 

7. No. of 4-20mA outputs: Eight (8) 

 

END OF SECTION 
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SECTION 46 75 06 

IN-LINE CIRCULATOR PUMPS 
 
 
PART 1 - GENERAL 
 
1.1  SUMMARY 
 
   A. Section includes the furnishing and installation of Three (3) in-line circulators for 

the water sample loops from the incoming chemical injection station to the 
analyzer and return to the incoming chemical injection station. 

 
   B. Pumps furnished as part of factory-fabricated equipment are specified as part of 

equipment assembly in other Division 40 sections. 
 
   C. Refer to Division 26 for following; not Work of this section. 
 

1. Power supply wiring from power source to power connection on pumps.  
Include starters, disconnects, and required electrical devices, except 
where specified as furnished or factory-installed by manufacturer. 
 

2. Interlock wiring between pumps and between pumps and field-installed 
control devices. 
a. Interlock wiring specified as factory-installed is Work of this section. 

 
   D. Provide following electrical work as Work of this section complying with 

requirements of Division 26. 
 

1. Control wiring between field-installed controls, indicating devices, and 
pump control panels. 

 
1.2  SUBMITTALS 
 
   A. Submittal Information: 
 

1. Product Data:  Manufacturer's pump specifications installation and startup 
instructions, and current accurate pump characteristic performance curves 
with selection points clearly indicated. 

2. Shop Drawings:  Manufacturer's assembly type shop drawings indicating 
dimensions, weight loadings, required clearances, and methods of 
assembly for each model of pump to be provided. 

3. Motors:  For poly-phase motors 5 hp or larger, submit in accordance with 
requirements of Section 26 05 09.  For single-phase motors and 
poly-phase motors less than 5 hp, submit NEMA design types, 
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construction, insulation class, NEMA frame size, horsepower, voltage and 
amp draw characteristics, and service factor. 

 
4. Operating and Maintenance (O&M) Data: 

a. Maintenance instructions including lubrication instructions, filter 
replacement, motor and drive replacement, and spare parts list. 

b. Include O&M data, product data, and Shop Drawings in single-bound 
manuals. 

 
   C. Submit in accordance with Section 01 33 00. 
 
   D. Information submitted by CONTRACTOR, but not designated to be submitted 

will be returned without action by ENGINEER. 
 
1.3  QUALITY ASSURANCE 
 
   A. Manufacturer's Qualifications:  Firms regularly engaged in manufacture of 

general use centrifugal pumps with characteristics, sizes, and capacities 
required, whose products have been in satisfactory use in similar service for not 
less than 10 yrs. 

 
   B. Regulatory Requirements: 
 

1. HI Compliance:  Design, manufacture, and install in-line circulator pumps 
in accordance with HI Standards" and UL 778. 
 

2. UL and NEMA Compliance:  Provide electric motors and components 
listed and labeled by UL and complying with NEMA standards. 

 
1.4  DELIVERY, STORAGE, AND HANDLING 
 
   A. Handle in-line circulator pumps and components to prevent damage, breaking, 

denting, and scoring.  Do not install damaged in-line circulator pumps or 
components; replace with new. 

 
   B. Store in-line circulator pumps and components in clean, dry place.  Protect from 

weather, dirt, fumes, water, construction debris, and physical damage. 
 
   C. Comply with manufacturer's rigging and installation instructions for unloading in-

line circulator pumps and moving them to final location. 
 
 
PART 2 – PRODUCTS 
 
 
2.1  MANUFACTURERS 
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   A. Manufacturer's equipment used as basis of design for Project is name indicated 

in Specification contained in these Contract Documents.  If no manufacturer 
listed, basis of design is industry standard indicated. 

 
2.2  PUMPS 
 
   A. Factory-tested pumps, thoroughly cleaned and painted with 1 coat of machinery 

enamel prior to shipment. Type, size, and capacity of each pump listed in pump 
schedule.  Provide pumps of same type by same manufacturer. 

 
2.3  IN-LINE CIRCULATOR PUMPS 
 
   A. Manufacturers: 

1. Bell & Gossett ITT, Fluid Handling Division. 
2. Armstrong Pumps, Inc. 
3. Groundfos 
4. Taco, Inc. 
5. Or equal. 

 
   B. In-line circulator pumps of capacities as scheduled. 
 
   C. Type:  Horizontal mount, vertical split case, oil-lubricated, designed for 125 psi 

working pressure. 
 
   D. Body:  304 SS with suction and discharge gauge tappings. 
 
   E. Shaft:  stainless steel. 
 
   F. Bearing:  Carbon Sleeve 
 
   G. Gasket/O-Ring:  EPDM 
 
   H. Seal:  Mechanical, with carbon seal ring and ceramic seat. 
 
   I. Motor:  Definite purpose, open, drip-proof, oil-lubricated journal or permanently 

lubricated ball bearings, resilient-mounted construction. 
 

1. Conform to motor requirements of this section. 
 
  J. Coupling:  Self-aligning, flexible coupling. 
 
  K. Impeller:  Enclosed type, hydraulically and dynamically balanced, and keyed to 

shaft. Stainless steel. 
 
2.4  MOTORS 



 WHCRWA 

IN-LINE CIRCULATOR PUMPS  CENTRAL PUMP STATION 

 

WHCRWA CENTRAL PUMP STATION 
IN-LINE CIRCULATOR PUMPS 

 46 75 06 - 4 OF 8 

 
   A. Except where more stringent requirements indicated in unit Specifications or 

equipment schedules, provide manufacturer's standard motor complying with 
following requirements. 

 
   B. Definite-Purpose Motors:  Provide in accordance with NEMA MG 1-18. 
 
   C. General Purpose, Poly-Phase Motors 5 hp and Larger:  Provide in accordance 

with Section 26 05 09. 
 
   D. Singe-Phase Motors:  Unless otherwise indicated, for motor requirements less 

than 1/2 hp, provide single-phase motors conforming to following. 
 

1. Type:  Continuous duty, squirrel cage, induction, fractional horsepower 
motors, rated in accordance with NEMA MG1-10.33. 
a. 1/6 to 1/3 hp:  Permanent-split capacitor with internal overload 

protection, NEMA N or O as determined appropriate for application by 
equipment manufacturer. 

b. 1/3 hp and Larger:  2-valve capacitor, NEMA L, M, N or O as 
determined appropriate for application by equipment manufacturer. 

 
2. Enclosure Classification:  Open, drip-proof machine, as defined in 

NEMA MG-1, unless otherwise indicated. 
 
3. Insulation Class Rating: 

a. Fractional horsepower motors:  Class A. 
b. Integral horsepower motors:  Class B. 
c. Definite purpose motors:  Class A, B, F or H as determined 

appropriate for application by equipment manufacturer. 
 
   E. Poly-Phase Motors: 
 

1. Type:  Continuous duty, squirrel cage, induction, fractional and integral 
horsepower motors, rated in accordance with NEMA MG1-10.33. 
a. 1/3 to 3 hp:  NEMA B or C as determined appropriate for application 

by equipment manufacturer. 
b. Where rated motor loads produce uncorrected motor power factors 

less than 0.90, provide capacitors for power factor correction to 0.95. 
 

2. Enclosure Classification:  Open, drip-proof machine, as defined in 
NEMA MG-1, unless otherwise indicated. 

 
3. Insulation Class Rating:  Suitable for continuous operation in 40°C 

environment, tested in accordance with IEEE 112 and 114. 
a. Fractional horsepower motors:  Class A. 
b. Integral horsepower motors:  Class B. 
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c. High starting torque motors:  Class F. 
d. Definite purpose motors:  Class A, B, F or H as determined 

appropriate for application by equipment manufacturer. 
 
   F. Service Factor:  Minimum 1.15 for NEMA A, B, and C poly-phase motors, in 

accordance with NEMA MG1-12.47 for fractional horsepower motors. 
 
   G. Bearings:  Permanently lubricated ball or regreasable sleeve bearings with inner 

and outer shaft seals, designed to resist thrust loadings. 
 
   H. Efficiency:  Provide high efficiency motors in accordance with IEEE 112, Test 

Method B. 
 
 
PART 3 - EXECUTION 
 
3.1  EXAMINATION 
 
   A. Examine areas and conditions under which in-line circulator pumps to be 

installed.  Do not proceed with Work until unsatisfactory conditions corrected. 
 
3.2  INSTALLATION OF PUMPS 
 
   A. Install in-line circulator pumps in accordance with manufacturer's written 

installation instructions, complying with recognized industry practices to ensure 
in-line circulator pumps comply with requirements and serve intended purposes. 

 
   B. Access:  Provide access space around in-line circulator pumps for service as 

indicated, but in no case less than recommended by manufacturer. 
 
   C. Support: 
 

1. In-line pumps:  Support from piping system. 
 
   D. Electrical Wiring:  Install electrical devices furnished by manufacturer but not 

specified to be factory-mounted.   
 

1. Verify electrical wiring installation is in accordance with manufacturer's 
submittal and installation requirements of Division 26. 

 
   E. Piping Connections:  Provide full line size isolation valve and strainer or suction 

diffuser on pump suction.  Provide full line size check valve, balance valve, and 
flow measuring device on pump discharge. 
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   F. Where pump connection size and indicated line size are not identical, provide 
concentric reducers for vertical and eccentric reducers for horizontal 
connections.  Install eccentric reducers with top of pipe level. 

 
3.3  ADJUSTING AND CLEANING 
 
   A. Alignment:  Check alignment and, where necessary, realign shafts of motors 

and pumps within misalignment tolerances recommended by manufacturer, but 
not exceeding 0.004 in. in axial and angular planes. Align in presence of 
manufacturer's service representative. 

 
   B. Startup:  Lubricate pumps before startup. Start up in accordance with 

manufacturer's instructions. 
 
   C. Cleaning:  Clean factory-finished surfaces.  Repair marred or scratched 

surfaces with manufacturer's touch-up paint. 
 
 

END OF SECTION 
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ATTACHMENT  
 

Water Sample Lines In-line Circulator Pumps 
 

1. Number of pumps:    3 

2. Pump Designations:   CPS-04-A1-P-01001 

     CPS-04-A1-P-01002 

     CPS-04-A1-P-01003 

3. Pump Manufacturer:   Bell & Gossett 

4. Pump Model:    ecocirc XL 55-45 

5. Motor Horsepower:    ½ HP 

6. Operating Conditions: 

a. Fluid:     Water 

b. Flow Rate:                        8.6 gpm 

c. Total Dynamic Head:          45.4 ft 

d. Control Variable:   Manual – Constant speed 

e. Stroke Adjustment:   Manual 

 
 END OF SECTION 
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FOR PROJECTS INITIATED 
AFTER JUNE 1, 2015 
REVISION 5 

ITEM 104 
 

REMOVING OLD CONCRETE 
 
 
104.1 Description. This Item shall govern for breaking up and satisfactorily 

disposing of concrete pavement, slope paving, riprap, median strips, 
driveways, sidewalks, combined curb and gutter, or curb. 

 
104.2 Construction Methods.  Existing concrete to be disposed of, consisting of 

pavement, slope paving, riprap, median strips, driveways, sidewalks, 
combined curb and gutter or curb, shall be removed and legally disposed 
of offsite. The use of explosives for breaking up old concrete will not be 
permitted, unless authorized by the Engineer, and when so authorized, 
adequate precautions shall be given to prevent damage to adjacent 
property.  Reinforcing steel shall be cut as necessary for satisfactory 
disposal. 

 
Where only a portion of the existing concrete is to be removed, special 
care shall be exercised to avoid damage to that portion of the concrete to 
remain in place.  The existing concrete shall be cut to the neat lines 
shown on the plans or established by the Engineer and any existing 
concrete, beyond the neat lines so established, which is damaged or 
destroyed by these operations shall be replaced at the Contractor's entire 
expense.  Saw-cutting, full depth or as shown on the drawings, will be 
required and shall be incidental to the removal of old concrete. 

 
Where indicated on the plans, old concrete which is removed shall be 
loaded, hauled and disposed of at permitted locations outside the project 
limits, or used as needed for riprap onsite.  Broken concrete reused as 
riprap onsite will be incidental to this Item.  The Contractor shall provide 
the disposal locations and the total quantity of all excavated material, and 
the total quantity of disposed material.  The disposal site shall not be an 
environmentally sensitive area, “Water of the United States”, wetland, or 
floodway. It is the responsibility of the Contractor to contact the proper 
authorities to determine land use classification and to obtain any 
necessary permits.  If the disposal site is defined in the plans, then the 
County shall be responsible for ensuring that the appropriate Department 
of the Army permit has been obtained for the activity, as necessary. 

 
Work performed under this Item shall be initiated at such time and 
prosecuted in such a manner as to cause a minimum of inconvenience to 
traffic or adjacent property owners. 

 
104.3 Measurement.  Existing concrete pavements with or without curbs, slope 

paving, driveways, sidewalks, median strips, and riprap, removed as 
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prescribed above, will be measured by the square yard in its original 
position, regardless of its thickness or the depth of covering. 

 
Existing combined concrete curb and gutter and concrete curb, not on 
concrete pavement, removed as prescribed above will be measured by 
the linear foot in its original position, regardless of the dimensions of 
same. Monolithic concrete curb or doweled-on concrete curb will be 
considered as part of the concrete pavement to be removed and will not 
be measured separately. 

 
104.4 Payment.  The work performed as prescribed by this Item, measured as 

provided under "Measurement" will be paid for at the unit price bid for 
"Removing Old Concrete" (of the type specified), which price shall be full 
compensation for: 

 
A. Full depth saw-cutting or  

 
B. Partial depth saw-cutting and breaking up the concrete, 

 
cutting reinforcing steel when required, loading, hauling and disposing of 
the material offsite and for all labor, tools, equipment, manipulations and 
incidentals necessary to complete the work. 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications  
 

Item 205 “Subgrade” 
 

END OF ITEM 104 



FOR PROJECTS INITIATED 
AFTER MAY 1, 2016 
REVISION 9 

 

ITEM 110 
 

ROADWAY EXCAVATION 
 
 
110.1 Description. This Item shall govern the required excavation within the 

roadway limits, including roadside ditches, and either of the following: 
 

A. proper re-use of the suitable material for embankment within  
project limits, or 

 
B. removal and disposal of excess or unsuitable excavated materials. 

 
This Item includes stripping, constructing, shaping, and grading of all 
earthwork along the entire length of the roadway including approaches to 
the same. Both structural and channel excavation are excluded from this 
Item. 

 
The roadway excavation shall conform to the required lines, grades and 
typical cross-sections as shown on the construction drawings, and 
conform to the requirements of this Item.  

 
All suitable excavation material available at the time of need shall be used 
for embankment before using borrow material. Stripped material is 
unsuitable for re-use as embankment within the project. Compaction of 
embankments shall be as outlined in the Item 132 “Embankment”. 

 
The roadway limits are defined as being from right-of-way line to right-of-
way line, and from beginning station to ending station. 

 
110.2 Construction Methods.  All roadway excavation and corresponding 

embankment construction shall be performed as specified herein and in 
accordance with the Item 132 “Embankment” and the completed roadway 
shall conform to the established alignment, grades and cross-sections. 

 
All suitable excavated materials shall be utilized, insofar as practicable, for 
constructing the required roadway sections or embankments, flattening 
slopes, etc., or as directed by the Engineer.  Materials suitable for onsite 
use shall be defined by the Engineer.  Unsuitable roadway excavation and 
roadway excavation in excess of that needed for construction shall be 
considered as waste and shall become the property of the Contractor to 
be disposed of legally outside the project limits.  

 
No disposal site(s) shall be located within an environmentally sensitive 
area, “Water of the United States”, wetland, or floodway. It is the 
responsibility of the Contractor to contact the proper authorities to 
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determine land use classification and to obtain any necessary permits.  If 
the disposal site(s) is defined in the plans, then the County shall be 
responsible for ensuring that the appropriate Department of the Army 
permit has been obtained for the activity, as necessary.  Unsuitable 
material encountered below the top of subgrade elevation, shall be 
replaced with suitable material from the roadway excavation, or from other 
suitable material sources (see “Special Roadway Excavation below). 

 
During construction, Item 560 “Maintenance and Cleanup of the Project 
Site” shall be implemented for the duration of the Contract.  The roadbed 
and ditches shall be maintained in a condition to insure proper drainage at 
all times.  Ditches shall be so constructed and maintained as to avoid 
damage to the roadway section. 

 
All roadway excavation utilized as embankment shall be placed in 
accordance with Item 132 "Embankment". 

 
In those cases where the Contractor has over-excavated beyond the lines 
and grades shown on the drawings, or designated by the Engineer, it shall 
be the Contractor’s responsibility to replace the material and recompact it 
at his own expense.  The material shall be replaced in accordance with 
the Item 132 "Embankment". 

 
At the location of pipeline crossings, the Contractor shall suspend 
machine excavation at a location 5 feet before reaching the pipeline right-
of -way, until a company representative is present to identify pipeline 
locations and to further direct excavation operations.  The notification to 
the pipeline company of the Contractor's operations and the request for 
their representative’s attendance shall be the responsibility of the 
Contractor.  The Contractor shall not be reimbursed directly for any work 
or expenditure as a result of intersecting any pipeline operation.  Any 
contingent costs therefore shall be anticipated in the preparation of the bid 
and included as distributed items of cost in the price for roadway 
excavation. 

 
110.3 Special Roadway Excavation.  When geotechnical conditions dictate, the 

Engineer may direct the Contractor to remove material which will not 
properly support the roadway, and replace it with suitable backfill material.  
Measurement will be by cubic yard of material as computed by volumetric 
calculations based on actual measured dimensions of the over-excavated 
area.  

  
When Special Excavation is required by the Engineer, the cubic yardage 
calculated will be added to the plan quantity. 
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Payment shall include hauling, placing, compacting and any other 
incidentals necessary for completing the work. The backfill used to 
replace the unsuitable excavation shall be either of the following: 

 
A. suitable onsite material 

 
B. imported material, when directed by the Engineer, in accordance 

with sections 130.2 & 130.3 of Item 130 "Borrow" and shall be paid 
for as provided under "Borrow" The material shall be placed in 
accordance with the Item 132 "Embankment". 

 
110.4 Contesting Earthwork Plan Quantities. For all earthwork items (110, 120, 

130) that are designated as “plan quantity” pay items, the following 
procedures shall apply for contesting the plan quantities: 

 
If, after project award, the Contractor believes there is an error in the 
estimated quantities for earthwork items as shown on the bid sheet, the 
Contractor shall provide, at no expense to Harris County, sufficient 
documentation in the form of recoverable cross-sections and supporting 
computations. If the Contractor is required to re-survey a portion of the 
project for the purpose of contesting the quantity shown on the plan, the 
cross-sections must be taken at the same locations and orientation of 
those presented in the plan set, and using the same control points. The 
quantities shall be determined using the Harris County Earthwork 
Quantities Worksheet.  The Engineer shall, at the County’s expense, 
designate a representative, either a Consultant’s or Harris County’s 
surveyor, to verify the re-survey process meets the above requirements.  
The Contractor’s documentation shall be provided prior to proceeding with 
any items of earthwork.  No adjustments to the plan quantity will be 
allowed once any excavation, including stripping, has begun. 

 
The Contractor may submit a written notice of protest for earthwork at any 
time after the award date, but shall submit all required documentation no 
more than 30 calendar days after the latter of the following: 

 
A. Project start date, or 

 
B. Establishment of horizontal and vertical control points 

 
If the documentation provided by the Contractor is deemed by Harris 
County to be sufficient, and is representative of actual field conditions, 
then the quantities derived there from shall be the basis of payment.  

 
If the documentation provided by the Contractor is deemed by Harris 
County to be insufficient, additional supporting information may be 
required at no expense to Harris County. The Contractor shall submit the 
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additional documentation no more than 14 calendar days after being 
notified of the County’s request. 

 
Incentivized Project.  

 
The time of early completion for receiving the incentive will not be 
extended on any incentivized project for any reason, including any time 
associated with a Contractor’s protest of earthwork quantities.  If the 
Contractor chooses to protest earthwork quantities on an incentivized 
project, and is successful in gaining acceptance of the revised earthwork 
quantities, he may be granted extra days on the project in the same 
manner discussed below for “Non-Incentivized Project” as well as revision 
of the plan quantity, but that result shall not affect the early completion 
incentive time as per the “Supplement to Harris County General Condition 
(For Roads, Bridges, and Related Work)”. 

 
Non-Incentivized Project.  

 
If the Contractor’s protest of earthwork quantities is accepted, the 
Contract Time may be adjusted for the contract time lost due to any of the 
following which falls after project start date: 

 
A. Contractor’s time for submitting the original documentation after the 

project start date up to a maximum of 30 calendar days. 
 

B. Additional calendar days may be granted for any part of Harris 
County’s original review period that occurs subsequent to the 
project start date. 

 
C. Any additional days which were required for providing additional 

documentation pursuant to Harris County’s request, up to a 
maximum of 14 calendar days. 

 
D. Any additional days which were required for Harris County to 

review additional documentation and render a decision. 
 

If the Contractor’s protest of earthwork quantities is rejected, neither the 
Contract Time nor the plan quantity shall be adjusted. 

 
110.5 Measurement and Payment.  The quantity of excavation to be paid for 

shall be the number of cubic yards of material computed by theoretical 
cross-sections, obtained from the drawings and natural ground lines, 
including stripping, using the average end area method. This result 
represents a plan quantity amount that is paid for as such by the Roadway 
Excavation bid item.  
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With the exception of “Special Roadway Excavation” (as documented in 
Section 110.3) all work performed as required by this Item and measured 
as provided above, shall be paid for at the unit price bid for "Roadway 
Excavation", which price shall be full compensation for preparing and 
maintaining roadside ditches, trimming of slopes, hauling and storage of 
excavated material for other uses, disposal of unsuitable or surplus 
materials (wastage), preparation and completion of subgrade, shoulders, 
roadway, any necessary hauling, placing,  compacting and the furnishing 
of all labor, tools, equipment and incidentals necessary to complete the 
work.   

 
Re-grading of existing roadside ditches outside the limits of roadway 
excavation shall be measured in its original condition along the centerline 
and the total length be computed, in linear feet and shall be full 
compensation for furnishing all labor, supervision, supplies, materials, 
permits, and equipment required to complete the work, including all items 
of excavation, disposal, haul, compaction, grading, and ditch dressing as 
specified, in the project documents. 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
  

NOTE: This Item requires other Standard Specifications  
 

Item 130 “Borrow” 
Item 132 “Embankment” 
Item 200 “Stripping" 
Item 205 “Subgrade” 
Item 560 “Maintenance and Cleanup of the Project Site” 

 
END OF ITEM 110 
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ITEM 200 
 

STRIPPING 
 
 
200.1 Description.  This Item shall govern stripping of existing topsoil to 

approximately 3 inches depth or as shown on the drawings and disposing 
of the stripped material off-site.  Within the limits indicated, or in areas 
where existing grade is to be altered either by excavation or embankment, 
the Contractor shall strip existing topsoil to approximately 3 inches depth 
or as shown on the drawings and dispose of it at the Contractor's 
expense.  Stripping shall include the removal and disposal of scrap iron, 
rubbish, logs, abandoned utilities, abandoned signs, and any and all other 
debris, if within the right-of-way or designated easements, whether above 
or below existing grade.  Field cross-sections will no longer be obtained.  

 
200.2 Construction Methods.  The stripped material shall be removed as 

designated below regardless of the project area to be excavated or 
receive embankment.  Strippings are unsuitable material and shall not be 
considered for use in the future construction.  The strippings and any other 
unsatisfactory material shall be removed and disposed of outside the right-
of-way, by the Contractor.  No strippings shall be used in median or in 
areas from back-of-curb to R.O.W.   Proper Storm Water Pollution 
Prevention Best Management Practices shall be applied to stripped areas.   

 
When disposing of strippings and waste, off site, the Contractor shall not 
place the material in an “environmentally sensitive area, floodway or 
‘Water of the United States’, including adjacent wetland”, as defined in the 
Clean Water Act and the Rivers and Harbors Act, unless he has 
previously obtained the appropriate Department of the Army Permit 
authorizing the activity.  If the stockpile or disposal site is defined in the 
plans, then the County shall be responsible for ensuring that the 
appropriate Department of the Army permit has been obtained for the 
activity.     

 
200.3 Measurement & Payment.  Stripping and any associated stockpiling, or 

disposal will not be paid for directly.  Payment for stripping shall be 
incidental to excavation, borrow or embankment. 

 
 

There are no line codes for this Item. 
 

NOTE: This Item requires other Standard Specifications 
 

Item 110 “Roadway Excavation” 
Item 130 “Borrow” 
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Item 132 “Embankment” 
 

END OF ITEM 200 



FOR PROJECTS INITIATED 
AFTER MAY 1, 2016 
REVISION 6 

 

 

ITEM 205 
 

SUBGRADE 
 
 
205.1 Description.  This Item shall govern the proof rolling and compaction of 

the subgrade for pavements.  When the road is to be surfaced or paved 
and after the earthwork has been substantially completed and after all 
storm sewer and drains have been laid, the subgrade shall be brought to 
the lines, grades and typical cross-section shown on the plans and in 
accordance with these Standard Specifications. 

 
205.2 Construction Methods. After stripping, the Contractor shall proof roll the 

subgrade, i.e. verify that the subgrade is firm and able to support 
construction equipment and correct any soft or yielding areas by: 

 
A. scarifying and aerating, 

 
B. replacing unsuitable material with suitable material from the project 

site, or borrow as per Item 130 “Borrow” and authorized by the 
Engineer, 

 
C. stabilization, etc.   

 
Proof rolling equipment shall meet the requirements of Item 216 “Proof 
Rolling” of the Texas Department of Transportation’s “Standard 
Specifications for Construction and Maintenance of Highways, Streets, 
and Bridges”, Latest Edition.     

 
Whenever unsuitable natural material is encountered below the top of 
subgrade elevation and cannot be economically amended to make it 
suitable, then the following requirements shall apply: 

 
A. The unsuitable material shall be excavated to a depth deemed 

sufficient by the Engineer and the excavated material shall be 
disposed of legally outside the project limits as per Item 110.    

 
B. The excavated area shall be filled to its original level with suitable 

material from the project site; or borrow as per Item 130 as directed 
by the Engineer. The fill material shall be compacted to 95 percent 
of standard proctor density in accordance with ASTM D698 
“Standard Test Methods for Laboratory Compaction Characteristics 
of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))”, 
using a moisture content between optimum and plus/minus 3 
percent of optimum. 

   
All holes and depressions shall be filled with approved material.  
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Stabilized Subgrade.  If the subgrade is to be stabilized, refer to the 
appropriate Standard Specification Item for additional construction 
requirements. 

 
Unstabilized Subgrade.  If the subgrade is not to be stabilized, it shall be 
compacted to 95 percent of standard proctor density in accordance with 
ASTM D698, using a moisture content between optimum and plus/minus 
3 percent of optimum.  Any subgrade, without stabilization, shall be 
compacted to a minimum depth of 9 inches. The subgrade shall be 
brought to the lines and grades required. 

 
The subgrade shall be kept free from all ruts and weak spots.  Any ruts 
and weak spots that develop under construction traffic shall be repaired 
with suitable material as they develop. 

 
205.3 Quality Assurance.  The Testing Laboratory’s representative shall 

determine the Moisture-Density Relationship in accordance with ASTM 
D698, on material secured from the roadway or borrow source, for each 
type of material encountered or used. 

 
The Testing Laboratory’s representative shall determine the in-place 
density in accordance with ASTM D6938, “Standard Test Methods for In-
Place Density and Water Content of Soil and Soil-Aggregate by Nuclear 
Methods (Shallow Depth)” or ASTM D1556, “Standard Test Method for 
Density and Unit Weight of Soil in Place by Sand-Cone Method.”  The 
minimum level of testing shall consist of the following: 

 
A. at least one test per station per lane of roadway. 

 
B. a lane is defined as 12’ wide section of pavement regardless of its 

use.  
 
205.4 Measurement and Payment.  The work prescribed under this Item, shall 

not be paid for directly, but shall be considered as subsidiary work of the 
Item 110 “Roadway Excavation” and/or Item 130 “Borrow”.  

 
 

There are no line codes for this Item. 
 

NOTE: This Item requires other Standard Specifications 
 

Item 110 “Roadway Excavation” 
Item 130 “Borrow” 

 
END OF ITEM 205 
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ITEM 220 
 

LIME STABILIZED SUBGRADE 
 
 
220.1  Description.  Mix and compact lime, water and subgrade in the roadway. 
 
220.2 Materials.  Furnish uncontaminated lime of uniform quality that meets the 

requirements of the plans and specifications. Notify the Engineer in writing 
of the proposed lime source and of any proposed change in lime source. 
The Contractor shall obtain verification from the Engineer that the 
specification requirements are met before using the lime source. The 
Engineer may sample and test lime or lime/subgrade mixture at any time 
before compaction.  

 
A. Lime.  Furnish lime that meets the requirements of TxDOT’s DMS-

6350 “Lime and Lime Slurry,” and DMS-6330, “Lime Sources 
Prequalification of Hydrated Lime and Quicklime.” Use hydrated 
lime slurry as shown on the plans. 

 
B.  Water.  Furnish water free of industrial wastes and other 

objectionable material. 
 

C.  Asphalt.  When permitted for curing purposes, furnish asphalt or 
emulsion in accordance with TxDOT’s Item 300, “Asphalts, Oils, 
and Emulsions,” as shown on the plans or as directed. 

 
D. Mix Design.  The Engineer shall determine the target lime content 

and optimum moisture content in accordance with ASTM D698 
“Standard Test Methods for Laboratory Compaction Characteristics 
of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3))” or 
based upon prior experience with the project materials. The 
Contractor may propose an alternative mix design developed in 
accordance with ASTM D698. The Engineer shall use ASTM D698 
to verify the Contractor’s proposed mix design before accepting it. 
The Contractor shall reimburse the County for any and all expenses 
incurred due to a request by the Contractor to change of mix 
designs or partial designs, material sources, etc. whether they are 
approved or not. 

 
220.3  Equipment.  Provide machinery, tools, and equipment necessary for 

proper execution of the work.  Provide rollers in accordance with TxDOT’s 
Item 210 “Rolling.” Provide proof rollers in accordance with TxDOT’s Item 
216 “Proof Rolling” when directed.  
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A. Slurry Equipment.  Use slurry tanks equipped with agitation devices 
to slurry hydrated lime at the jobsite or any other approved location. 
The Engineer may approve other slurrying methods. Provide a 
pump for agitating the slurry when the distributor truck is not 
equipped with an agitator. Equip the distributor truck with a 
sampling device in accordance with Tex-600-J, Part I, when using 
commercial lime slurry. 

 
B. Pulverization Equipment.  Provide pulverization equipment that: 

 
1. cuts and pulverizes material uniformly to the proper depth 

with cutters that plane to a uniform surface over the entire 
width of the cut, 

 
2. shows a visible indication of the depth of cut at all times, and 

 
3. mixes the materials uniformly. 

 
220.4 Construction.  Construct each layer uniformly, free of loose or segregated 

areas, and with the required density and moisture content. Provide a 
smooth surface that conforms to the typical sections, lines, and grades 
shown on the plans or as directed. 

 
A. Preparation of Subgrade for Treatment.  Shape the subgrade in 

accordance with Item 205 “Subgrade”, and applicable bid items to 
conform to typical sections shown on the plans and as directed. 
The Contractor shall pulverize or scarify the existing raw subgrade 
sufficiently to allow penetration of the lime to the required depth. 

 
B. Pulverization.  The Contractor shall pulverize or scarify the existing 

raw subgrade to allow penetration of the lime to the required depth. 
 

C. Application of Lime.  Uniformly apply lime using slurry placement as 
shown on the plans or as directed. Add lime at the percentage 
determined in Section 220.2.D, “Mix Design” above. Apply lime only 
on an area where mixing can be completed during the same 
working day. 

 
Start lime application only when the air temperature is at least 35°F 
and rising or is at least 40°F. The temperature shall be taken in the 
shade and away from artificial heat. Suspend application when the 
Engineer determines that weather conditions are unsuitable. 

 
Slurry Placement. Provide slurry free of objectionable materials, at 
or above the approved minimum dry solids content, and with a 
uniform consistency that shall allow ease of handling and uniform 
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application. Deliver commercial lime slurry to the jobsite or prepare 
lime slurry at the jobsite, or other approved location, by using 
hydrated lime as specified. 

 
Distribute slurry uniformly by making successive passes over a 
measured section of subgrade until the specified lime content is 
reached.   

 
D. Mixing.  Begin mixing within 6 hours of application of lime. Hydrated 

lime exposed to the open air for 6 hours or more between 
application and mixing, or that experiences excessive loss due to 
washing or blowing, shall not be accepted for payment. 

 
Thoroughly mix the subgrade and lime using approved equipment. 
Allow the mixture to mellow for 1 to 4 days, as directed. Sprinkle 
the treated materials during the mixing and mellowing operation, as 
directed, to achieve adequate hydration and proper moisture 
content. After mellowing, resume mixing until a homogeneous, 
friable treated subgrade is obtained. 

 
After mixing, the Engineer shall sample the mixture at roadway 
moisture and test in accordance with Tex-101-E, Part III to 
determine compliance with the gradation requirements in Table 1. 

 
TABLE 1 

 
GRADATION REQUIREMENTS (MINIMUM % PASSING) 

 

SIEVE SIZE TREATED SUBGRADE 

1-3/4 Inch 100 

3/4 Inch 85 

No.4 60 

 
E. Compaction.  Compact the treated subgrade using density control. 

Multiple lifts are permitted when shown on the plans or approved. 
Bring each layer to the moisture content directed. When necessary, 
sprinkle the treated subgrade as directed. Determine the moisture 
content of the treated subgrade at the beginning and during 
compaction in accordance with ASTM D698.  

 
Begin rolling longitudinally at the sides and proceed toward the 
center, overlapping on successive trips by at least one-half the 
width of the roller unit. Offset alternate trips of the roller. Operate 
rollers at a speed between 2 and 6 MPH, as directed. 
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Rework, recompact, and refinish treated subgrade that fails to meet 
or that loses required moisture, density, stability, or finish before the 
next layer is placed or the project is accepted. Continue work until 
specification requirements are met. Rework in accordance with 
Section 220.4.F, “Reworking a Section” below.  Perform the work at 
no additional expense to the County. 

 
The Testing Laboratory shall determine treated subgrade density of 
completed sections in accordance with ASTM D6938 “Standard 
Test Methods for In-Place Density and Water Content of Soil and 
Soil-Aggregate by Nuclear Methods (Shallow Depth).” The 
minimum level of testing shall consist of the following: 

 
1. at least one test per station per lane of roadway. 

 
2. a lane is defined as 12’ wide section of pavement regardless 

of its use. 
 

Compact to at least 95% of the maximum density as determined in 
accordance with ASTM D698, unless otherwise shown on the 
plans. 

 
F. Reworking a Section.  When a section of lime treated subgrade is 

reworked within 72 hours after completion of compaction, rework 
the section to provide the required density. When a section is 
reworked more than 72 hours after completion of compaction, add 
additional lime at 25% of the percentage determined in Section 
220.2.D, “Mix Design” at no additional cost to the County. 
Reworking includes loosening, adding lime or removing 
unacceptable treated subgrade if necessary, mixing as directed, 
compacting, and finishing. Determine a new maximum density of 
the reworked treated subgrade in accordance with ASTM D698, 
and compact to at least 95% of this density. 

 
G. Finishing.  Immediately after completing compaction of the final 

layer of lime treated subgrade, clip, skin, or tight-blade the surface 
to a depth of approximately ¼ in. Remove the clipped material and 
dispose of it at an approved location. Roll the clipped surface 
immediately with a pneumatic tire roller until a smooth surface is 
attained. Add small amounts of water as needed during rolling. 
Shape and maintain the layer and surface in conformity with the 
typical sections, lines, and grades shown on the plans or as 
directed. The treated subgrade shall be finished within the 
tolerances required by TxDOT’s Item 132.3.6.1, “Grade 
Tolerances.”  
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H. Curing.  Cure for the minimum number of days shown in Table 2 by 

sprinkling as per TxDOT’s Item 204 “Sprinkling”, or by applying an 
asphalt material at a rate of 0.05 to 0.20 gal. per square yard as 
directed.  Maintain moisture content during curing.  Upon 
completion of curing, maintain the moisture content in accordance 
with TxDOT’s Item 132.3.5, “Maintenance of Moisture and 
Reworking” for treated subgrade prior to placing subsequent 
courses. Do not allow equipment on the finished layer during curing 
except as required for sprinkling, unless otherwise approved. Apply 
seals or additional layers or surface course within 14 calendar days 
of final compaction. 

 
TABLE 2 

 
MINIMUM CURING REQUIREMENTS BEFORE PLACING 

SUBSEQUENT LAYERS1 

 

ORIGINAL (UNTREATED) 
SUBGRADE PI 

CURING (DAYS) 

PI ≤ 35 2 

PI > 35 5 

1.  Subject to the approval of the Engineer. Proof rolling may be 
required as an indicator of adequate curing. 

 
220.5 Measurement. 
 

A. Lime.  When lime is furnished in trucks, the weight of lime shall be 
determined on certified scales.  

 
When lime is furnished in bags, indicate the manufacturer’s certified 
weight. Bags varying more than 5% from that weight may be 
rejected. The average weight of bags in any shipment, as 
determined by weighing 10 bags taken at random, must be at least 
the manufacturer’s certified weight. 

 
Hydrated Lime slurry shall be measured as per Item 221 “Hydrated 
Lime and Lime Slurry”. 

 
B. Lime Treatment.  Lime treatment shall be measured by the square 

yard of surface area at the specified depth. The dimensions for 
determining the surface area are established by the widths shown 
on the plans and the lengths measured at placement. 

 
220.6 Payment. 
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Lime Treatment.  Lime treatment shall be paid for at the unit price bid for 
“Lime Treatment” by the square yard for the depth specified. This price is 
full compensation for shaping existing material, loosening, mixing, 
pulverizing, spreading, applying lime, compacting, finishing, curing, 
blading, shaping and maintaining, replacing, disposing of loosened 
materials, processing, hauling, preparing secondary subgrade, water, 
equipment, labor, tools, and incidentals. 

 
Water for sprinkling.  Sprinkling and rolling shall not be paid for directly, 
but shall be subsidiary to this Item, unless otherwise shown on the plans.  
Amendment of treated subgrade to correct soft spots shall be at the 
Contractor’s expense.  

 
Asphalt used solely for curing will not be paid for directly, but will be 
subsidiary to this Item. Asphalt placed for curing and priming will be paid 
for under Item 310, “Prime Coat/Sealer.”  

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications 
 

Item 130 “Borrow” 
Item 205 “Subgrade” 
Item 221 “Hydrated Lime and Lime Slurry” 
Item 310 “Prime Coat/Sealer” 

 
END OF ITEM 220 
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ITEM 222 
 

PORTLAND CEMENT STABILIZED SUBGRADE 
 
 
222.1 Description.  This Item shall govern for treating the subgrade by the 

pulverizing, adding portland cement, mixing, wetting and compacting the 
mixed material to the required density.  This Item applies to natural 
ground, embankment or existing pavement structure and shall be 
constructed as specified herein and in conformity to the typical sections, 
lines and grades as shown, on the plans or as established by the 
Engineer. 

 
Cement treatment shall not be mixed or placed when the air temperature 

is below 40 F and falling, but may be mixed or placed when the air 

temperature is above 35 F and is rising, the temperature being taken in 
the shade and away from artificial heat and with the further provision that 
cement treatment shall be mixed or placed only when weather conditions, 
in the opinion of the Engineer, are suitable. 

 
222.2 Materials 
 

A. Soil shall consist of approved material free from vegetation or other 
objectionable matter encountered in the existing roadbed and other 
acceptable material used in the preparation of the roadbed in 
accordance with this Item. 

 
B. Portland cement shall be Type I of a standard brand of cement and 

shall conform to the requirements of ASTM C150 “Standard 
Specification for Portland Cement” and DMS-4600.6 A. (as 
applicable). 

 
The Contractor, at his option, may use bulk cement, provided the 
apparatus for handling, weighing and spreading the cement is 
approved by the Engineer.  Cement weighing equipment shall meet 
the requirements of the Item 520 "Weighing and Measuring 
Equipment". 

 
C. Water shall be free from substances deleterious to the hardening of 

the cement treatment and shall meet the requirements of the Item 
360 “Concrete Pavement”. 

 
The ratio of cement to soil shall be based on dry weight of the soil/cement 
mixture and shall be established by the Engineer in the field to provide the 
desired stability.  The cement content in the dry material normally ranges 
between 6 percent to 10 percent by weight.  The percentage of moisture in 
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the soil, at the time of the cement application shall not exceed the quantity 
that will permit the uniform and intimate mixture of soil and cement during 
the dry mixing operations and shall not exceed the specified optimum 
moisture content for the soil cement mixture, as determined by ASTM 
D558 “Standard Test Methods for Moisture-Density (Unit Weight) 
Relations of Soil-Cement Mixtures.” 

 
222.3 Equipment.  Equipment necessary for proper construction of the work 

shall be on the project, in first-class working condition and be approved by 
the Engineer, both as to type and condition, prior to the start of 
construction operations.  The Contractor shall at all times provide 
sufficient equipment to enable continuous prosecution of the work. 

 
Portland cement treatment for materials in-place may be constructed with 
any machine or combination of machines and auxiliary equipment that will 
produce the results as outlined in this Item. 

 
Mixing may be accomplished by a multiple-pass traveling mixing plant or a 
single-pass traveling mixing plant. 

 
The equipment provided by the Contractor shall be operated by 
experienced and capable workmen and shall be that necessary to provide 
a cement treatment meeting the requirements herein specified. 

 
222.4 Construction Methods.  It is the primary requirement of this Item to secure 

a completed course of treated material containing a uniform portland 
cement mixture free from loose or segregated areas, of uniform density 
and moisture content, well bound for its full depth and with a smooth 
surface suitable for placing subsequent courses.  It shall be the 
responsibility of the Contractor to regulate the sequence of his work, to 
process a sufficient quantity of material to provide full depth as shown on 
the plans, to use the proper amount of portland cement, maintain the work 
and rework the courses as necessary to meet the above requirements. 

 
The portland cement shall be mixed to the full depth shown on the plans 
and in no case, shall it be less than six (6) inches. 

 
The subgrade shall be firm and able to support, without displacement, the 
construction equipment at the density hereinafter specified.  Soft or 
yielding subgrade shall be corrected and made stable by scarifying and 
aeration or adding cement and compacting until it is of uniform stability. 

 
Before other construction operations are begun, the subgrade shall be 
graded, shaped and compacted, as required, to construct the portland 
cement treatment for materials in-place in conformance with the lines, 
grades, thickness and typical cross-section shown on the plans.  
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Unsuitable material encountered below the top of subgrade elevation, 
shall be replaced with suitable material from the roadway excavation, or 
from other suitable material sources per Item 110 “Roadway Excavation”. 

 
The soil shall be so pulverized that, at the completion of moist-mixing 100 
percent by dry weight passes a 1 inch sieve, and a minimum of 80 percent 
passes a No. 4 sieve, exclusive of gravel or stone retained on these 
sieves.  Old bituminous wearing surfaces shall be pulverized so that 100 
percent will pass a 1-3/4 inch sieve as per Table 1 below: 

 
TABLE 1 

 
GRADATION REQUIREMENTS MINIMUM % PASSING 

 

SIEVE SIZE BASE SUBGRADE 

1-3/4 Inch 100 100 

3/4 Inch 85 85 

No. 4 - 60 

 
Portland cement shall be spread uniformly on the soil at the rate specified 
or as approved by the Engineer.  If a bulk cement spread is used, it shall 
be positioned by string lines or other approved methods during spreading 
to insure a uniform distribution of cement. 

 
Cement shall be applied only to such an area that all operations can be 
continuous and completed in daylight and within 5 hours of such 
application. 

 
The percentage of moisture in the soil at the time of cement application, 
shall not exceed the quantity that will permit uniform and intimate mixture 
of the soil and cement during dry mixing operations, and it shall not 
exceed the specified optimum moisture content for the soil cement 
mixture. 

 
No equipment, except that used in spreading and mixing, will be allowed 
to pass over the freshly spread cement, until it is mixed with the soil. 

 
After the cement has been applied, it shall be dry mixed with the soil.  
Mixing shall continue until the cement has been sufficiently blended with 
the soil to prevent the formation of cement balls when water is applied.  
Any mixture of soil and cement that has not been compacted and finished 
shall not remain undisturbed for more than 30 minutes. 

 
Immediately after dry mixing of soil and cement is complete, water as 
necessary shall be uniformly applied and incorporated into the mixture.  
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Pressurized equipment shall provide an adequate supply to insure 
continuous application of the required amount of water to the sections 
being processed within 3 hours of the application of the cement.  Proper 
care shall be exercised to insure proper moisture distribution at all times.  
After the last increment of water has been added, mixing shall continue 
until a thorough and uniform mix has been obtained. 

 
The material shall be compacted to not less than 95 percent of standard 
proctor density (ASTM D698 ” Standard Test Methods for Laboratory 
Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 
(600 kN-m/m3))”).  At the start of compaction, the percentage of moisture 
in the mixture and in the un-pulverized soil lumps, based on dry weights, 
shall be between optimum and 2 percent above optimum. When the 
uncompacted soil cement mixture is wetted by rain so that the average 
moisture content exceeds the tolerance given at the time of final 
compaction, the entire section shall be reconstructed in accordance with 
this Item at the sole expense of the Contractor. 

 
The specified optimum moisture content and field density shall be 
determined from representative samples of the soil, taken in the fields and 
blended cement in a materials laboratory setting in accordance with ASTM 
D698. 

 
Prior to the beginning of compaction, the mixture shall be in a loose 
condition for its full depth.  The loose mixture shall then be uniformly 
compacted to the specified density lines and grades. 

 
After the soil and cement mixture is compacted, water shall be uniformly 
applied, as needed, and thoroughly mixed.  The surface shall then be 
reshaped to the required lines, grades and cross-section and then lightly 
scarified to loosen any imprint left by compacting or shaping equipment. 

 
The resulting surface shall be thoroughly rolled with a pneumatic tire roller 
and "skinned" by a power grader to achieve final grade, removing all 
loosened soil and cement from the section.  The surface shall then be 
thoroughly compacted with the pneumatic roller, adding small increments 
of moisture as needed during rolling.  If aggregate too large to pass a No. 
4 screen is present in the mixture, one complete coverage of the section 
with the flat wheel roller shall be made immediately after the skinning 
operation.  When directed by the Engineer, surface finishing methods may 
be varied from this procedure, provided a dense uniform surface, free of 
surface compaction planes, is produced.  The moisture content of the 
surface material must be maintained at its specified optimum during all 
finishing operations.  Surface compaction and finishing shall proceed in 
such a manner as to produce, in not more than 2 hours, a smooth, closely 
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knit surface, free of cracks, ridges or loose material conforming to the 
crown, grade and line shown on the plans. 

 
222.5 Curing.  After the cement treated course has been finished as specified 

herein, the surface shall be protected against rapid drying by either of the 
following curing methods for a minimum period of 3 days, or as directed by 
the Engineer.  These methods of curing are: 

 
A. Maintain in a thorough and continuously moist condition by 

sprinkling. 
 

B. Apply an asphalt membrane to the treated course, immediately 
after its completion.    The asphaltic material shall meet the 
requirements of Item 300 "Asphalts, Oils, and Emulsions" contained 
in TxDOT’s " Standard Specifications for Construction and 
Maintenance of Highways, Streets and Bridges," Latest Edition.  
The quantity and type of asphalt approved for use by the Engineer 
shall be sufficient to completely cover and seal the total surface of 
the base and fill all voids.  The Contractor shall be responsible for 
protecting the asphalt membrane from being picked up by the 
traffic.  The asphalt membrane may remain in-place when the 
proposed surface or base courses are placed.  The surface or other 
base courses may be applied on the finished base as soon after 
completion as operations will permit. 

 
222.6 Construction Joints.  At the end of each day's construction a straight 

transverse construction joint shall be formed by cutting back into the total 
width of completed work to form a true two inch depth vertical face free of 
loose and shattered material.  

 
Construct vertical joints between new cement-treated base and cement-
treated base that has been in place 4 hr. or longer. The vertical face may 
be created by using a header or by cutting back the face to approximately 
vertical. Place successive base courses using the same methods as the 
first course. Offset construction joints by at least 6 in. 

 
Cement treatment for large wide areas shall be built in a series of parallel 
lanes of convenient length and width meeting the approval of the 
Engineer. 

 
222.7 Traffic.  After the 3 day curing period, or as directed by the Engineer, 

completed sections of cement treated material in-place, may be opened 
immediately to local traffic and to construction equipment and to all traffic 
after the curing period, provided the cement treated course has hardened 
sufficiently to prevent marring or distorting the surface by equipment or 
traffic. 
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222.8 Maintenance.  The Contractor shall be required to maintain the cement 

treated course in good condition until the overlying course has been 
constructed.  Maintenance shall include immediate repairs to any defects 
that may occur.  This work shall be done by the Contractor at his own 
expense and repeated as often as may be necessary to keep the area 
continuously intact.  Faulty work shall be replaced for the full depth of 
treatment.  It is the intent of this Item that the Contractor shall construct 
the plan depth of cement treatment in one homogeneous mass.  The 
addition of thin stabilized layers will not be permitted in order to provide 
the minimum specified depth. 

 
222.9 Quality Assurance.  The Testing Laboratory’s representative will 

determine the Moisture-Density Relationships in accordance with ASTM 
D698 on material secured from the roadway.  Samples will be blended 
with portland cement for each type of material encountered. 

 
The Testing Laboratory’ representative will determine the in-place density 
in accordance with ASTM D6938 “Standard Test Methods for In-Place 
Density and Water Content of Soil and Soil-Aggregate by Nuclear 
Methods (Shallow Depth)” or ASTM D1556 “Standard Test Method for 
Density and Unit Weight of Soil in Place by Sand-Cone Method.”  The 
minimum level of testing shall consist of the following: 
 
A. at least one test per station per lane of roadway. 
 
B. a lane is defined as 12’ wide section of pavement regardless of its 

use.  
 

222.10 Measurement.  The work performed and the material furnished as 
prescribed by this Item will be measured as follows: 

 
A. Manipulation of cement during stabilization of the subgrade will be 

measured by the square yard of surface area of the completed and 
accepted work in place. 
 

B. Portland cement will be measured by the ton of 2,000 pounds.  
 
222.11 Payment.  The work performed and material furnished as prescribed by 

this Item and measured in accordance with the method indicated in the 
proposal and in accordance with the applicable provisions of 
measurement above, will be paid for as follows: 

 
A. "Manipulation of Cement for Stabilized Subgrade" shall be paid for 

at the contract unit price per square yard. 
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The unit price bids shall each be full compensation for preparing 
the subgrade, for furnishing all material, for all freight involved, for 
weighing the material, for pulverizing, applying cement, water, 
asphalt membrane, all processing, mixing, spreading, sprinkling, 
compacting, finishing and curing cement treated soil; and for all 
manipulations, labor, equipment, fuel, tools, and all incidentals 
necessary to complete the work. 
 

B. Cement used in stabilized subgrade shall be paid for at the contract 
unit price per ton for "Cement for Subgrade Stabilization". 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications 
 

Item 110 “Roadway Excavation” 
Item 360 “Concrete Pavement” 
Item 520 “Weighing and Measuring Equipment” 

 
END OF ITEM 222 
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ITEM 223 
 

LIME-FLY ASH STABILIZED SUBGRADE 
 
 
223.1 Description.  Mix and compact water, lime and fly ash (LFA), and 

subgrade in the roadway. 
 
223.2 Materials.  Furnish uncontaminated material of uniform quality that meet 

the requirements of the plans and specifications.  Notify the Engineer in 
writing of proposed material sources and of any proposed changes in 
material sources.  The Contractor shall obtain verification from the 
Engineer that the specification requirements are met before using the 
sources.  The Engineer may sample and test materials at any time before 
compaction. 

 
A. Lime.  Furnish lime that meets the requirements of TxDOT’s DMS-

6350, “Lime and Lime Slurry,” and DMS-6330, “Lime Sources 
Prequalification of Hydrated Lime and Quicklime.”  Use hydrated 
lime or commercial lime slurry as shown on the plans. 

 
B. Fly Ash.  Furnish fly ash that meets the requirements of DMS-4615, 

“Fly Ash for Soil Treatment.” Use Class CS or FS as shown on the 
plans. 

 
C. Water.  Furnish water free of industrial wastes and other 

objectionable matter. 
 

D. Asphalt.  When required by the Engineer for curing purposes, 
furnish asphalt or emulsion in accordance with TxDOT’s Item 300, 
“Asphalts, oils, and Emulsions,” as shown on the plans or as 
directed. 

 
E. Mix Design.  Using the material proposed for the project, the 

Engineer shall verify the target lime-fly ash content and optimum 
moisture content in accordance with ASTM D698 “Standard Test 
Methods for Laboratory Compaction Characteristics of Soil Using 
Standard Effort (12,400 ft-lbf/ft3)” or based upon prior experience 
with the project materials.  The Contractor may propose an 
alternative mix design developed in accordance with ASTM D698.  
The Engineer shall use ASTM D698 to verify the Contractor’s 
proposed mix design before accepting it.  The Contractor shall 
reimburse the County for all expenses incurred due to a change of 
mix designs or partial designs necessitated by changes in the 
design requested by the Contractor. 
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223.3 Equipment.  Provided machinery, tools, and equipment necessary for 
proper execution of the work.  Provide rollers in accordance with TxDOT 
Item 210, “Rolling.”  Provide proof rollers in accordance with TxDOT Item 
216, “Proof Rolling,” when directed. 

 
A. Storage Facility.  Store quicklime, dry hydrated lime, and fly ash in 

closed, weatherproof containers. 
 

B. Slurry Equipment.  Use slurry tanks equipped with agitation devices 
to slurry hydrated lime on the jobsite or other approved location.  
The Engineer may approve other slurrying methods. 

 
Provide a pump for agitating the slurry when the distributor truck is 
not equipped with an agitator.  Equip the distributor truck with a 
sampling device in accordance with TEX-600-J, Part I, when using 
commercial lime slurry. 

 
C. Pulverization Equipment.  Provide pulverization equipment that: 

 
1. cuts and pulverizes material uniformly to the proper depth 

with cutters that will plane to a uniform surface over the 
entire width of the cut, 

 
2. shows a visible indication of the depth of cut at all times, and 

 
3. mixes the materials uniformly. 

 
223.4 Construction.  Construct each layer uniformly, free of loose or segregated 

areas and with the required density and moisture content.  Provide a 
smooth surface that conforms to the typical sections, lines, and grades 
shown on the plans or as directed. 

 
A. Preparation of Subgrade for Treatment.  Shape the subgrade in 

accordance with Item 205 “Subgrade”, and applicable bid items to 
conform to typical sections shown on the plans and as directed. 

 
B. Pulverization.  Pulverize or scarify existing subgrade after shaping 

so that 100% passes a 2-1/2” inch sieve.  If the subgrade cannot 
be uniformly processed to the required depth in a single pass, 
excavate and windrow the material to expose a secondary grade to 
achieve processing to plan depth. 

 
C. Application and Mixing of LFA.  When treating with LFA, apply, mix, 

and cure lime first unless otherwise directed. 
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Start treatment operations only when air temperature is at least 
35°F and rising or is at least 40°F.  The temperature shall be taken 
in the shade and away from artificial heat.  Suspend operations 
when the Engineer determines that weather conditions are 
unsuitable. 

 
Minimize dust and scattering by wind.  Do not apply lime or fly ash 
when wind conditions, in the opinion of the Engineer, cause 
blowing lime or fly ash to become dangerous to traffic or 
objectionable to adjacent property owners. 

 
During the interval between applications and mixing, sections 
treated with hydrated lime or fly ash that have been exposed to the 
open air for a period of 6 hours or more, or that experience 
excessive loss due to washing or blowing, shall not be accepted for 
payment. 

 
After mixing and required curing, the Engineer shall sample the 
mixture at roadway moisture and test in accordance with Tex-101-
E, Part III to determine compliance with the gradation requirements 
in Table 1. 

 
TABLE 1 

 
GRADATION REQUIREMENTS (MINIMUM % PASSING) 

 

SIEVE SIZE TREATED SUBGRADE 

1-3/4 Inch 100 

3/4 Inch 85 

No. 4 60 

 
1. Application of lime.  Uniformly apply lime using dry or slurry 

placement as shown on the plans or as directed.  Add lime 
at the percentage determined in Section 223.2.E, “Mix 
Design” above.  Apply lime only on an area where mixing 
can be completed during the same working day. 

 
a. Dry Placement.  Before applying lime, bring the 

prepared subgrade to a moisture content between 
optimum and 3% above optimum.  When necessary, 
sprinkle as directed.  Distribute the required quantity 
of hydrated lime with approved equipment.  Only 
hydrated lime may be distributed by bag.  Do not use 
a motor grader to spread hydrated lime. 
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b. Slurry Placement.  Provide slurry free of objectionable 
materials, at or above the approved minimum dry 
solids content, and with a uniform consistency that 
will allow ease of handling and uniform application.  
Deliver commercial lime slurry to the jobsite or 
prepare lime slurry at the jobsite or other approved 
location by using hydrated lime as specified. 

 
2. Mixing of Lime.  Begin mixing within 6 hours of lime 

application.  Thoroughly mix the subgrade and lime using 
approved equipment.  Allow the mixture to mellow for 1 to 4 
days as directed.  Sprinkle the treated subgrade during the 
mixing and mellowing operation, as directed, to achieve 
adequate hydration and proper moisture content.  After 
mellowing, resume mixing until a homogeneous, friable 
treated subgrade is obtained. 

 
3. Application of Fly Ash.  Uniformly apply fly ash in dry form 

unless otherwise approved.  Apply at the percentage 
determined in Section 223.2.E, “Mix Design” above.  Apply 
fly ash only on that area where the mixing and compacting 
operations can be completed during the same working day. 
Do not use a motor grader to spread fly ash. 

 
For LFA treatment, begin fly ash application within 4 days 
after the lime mixing operation has been completed unless 
otherwise approved. 

 
4. Mixing of Fly Ash.  Thoroughly dry-mix the material and fly 

ash using approved equipment until a loose, homogeneous 
mixture is obtained.  Sprinkle as directed, to achieve 
adequate mixing and hydration moisture.  Prevent formation 
of fly ash balls. 

 
D. Compaction.  Compact immediately after mixing in the fly ash. 

Complete all compaction operations within 6 hours of fly ash 
application.  Determine the moisture content of the mixture at the 
beginning and during compaction in accordance with ASTM D698.  
Compact to at least 95% of the maximum density as determined in 
accordance with ASTM D6938 “Standard Test Method for In-Place 
Density and Water Content of Soil and Soil-Aggregate by Nuclear 
Methods” unless otherwise shown on the plans. 

  
Multiple lifts are permitted when shown on the plans or approved by 
the Engineer.  Sprinkle the treated subgrade as directed or aerate 
to bring each layer to the moisture content directed. 
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Begin rolling longitudinally at the sides and proceed towards the 
center, overlapping on successive trips by at least 1/2 the width of 
the roller unit.  Offset alternate trips of the roller. 

 
Operate rollers at a speed between 2 to 6 MPH as directed. 

 
Rework, recompact, and refinish treated subgrade that fails to meet 
or that loses required moisture, density, stability, or finish before 
the next course is placed or the project is accepted.  Continue work 
until specification requirements are met.  Rework in accordance 
with Section 223.4.E, “Reworking a Section” below.  Perform the 
work at no additional expense to the County. 

 
The Testing Laboratory shall determine roadway density of 
completed sections in accordance with ASTM D6938.  The 
minimum level of testing shall consist of the following: 

 
1. at least one test per station per lane of roadway. 

 
2. a lane is defined as 12’ wide section of pavement regardless 

of its use. 
 

E. Reworking a Section.  Reworking includes loosening, adding 
material or removing unacceptable material if necessary, mixing as 
directed, compacting, and finishing.  When removal is necessary, 
the Contractor shall replace failing material with other acceptable 
material from the project site, or replace with Borrow as approved 
by the Engineer.  Add lime and fly ash when reworking LFA-treated 
sections, at the rate of at least 25% of the percentage determined 
in Section 223.2.E “Mix Design” as directed.  When repulverization 
of the failing section does not achieve the required density, remove 
failing material and replace with acceptable treated material. 

 
Determine a new maximum density of the reworked treated 
subgrade in accordance with ASTM D698, and compact in 
accordance with Section 223.4.D above. 

 
F. Finishing.  Immediately after completing compaction of the final 

layer, clip, skin, or tight-blade the surface to a depth of 
approximately 1/4 inch. 

 
Remove clipped material and dispose of it at an approved location. 
Seal the clipped surface immediately by rolling with a pneumatic 
tire roller until a smooth surface is attained.  Add small increments 
of water as needed during rolling.  Shape and maintain the layer 
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and surface in conformity with the typical sections, lines, and 
grades.  Complete finishing operations within 2 hours after final 
compaction. 

 
Finished grade tolerances for subgrade shall be in accordance with 
TXDOT’s Item 132.6.1, “Grade Tolerances.” 

 
G. Curing.  If the plans require a Prime Coat, place the Prime Coat as 

the curing method (pay item).  Otherwise, cure by maintaining in a 
thorough and continuously moist condition by sprinkling as 
directed.  When directed by the Engineer, cure with an asphalt 
emulsion applied at a rate of 0.05 to 0.20 gallons per square yard 
as approved (no pay item). Do not allow equipment on the finished 
course during curing except as required for sprinkling, unless 
otherwise approved. 

 
Cure the finished section for 7 days before adding another course 
or opening to traffic unless otherwise directed.  Apply subsequent 
courses within 14 calendar days of completion of final compaction 
of the underlying treated course unless otherwise approved. 

 
223.5 Measurement. 
 

A. Lime.  Lime shall be measured by the ton as per Item 221 
“Hydrated Lime and Lime Slurry” at the unit price bid for “Lime” for 
one of the following types: 

 
1. Hydrated Lime (Dry), 

 
2. Hydrated Lime (Slurry), 

 
3. Commercial Lime Slurry, 

 
4. Carbide Lime 

 
Commercial Lime Slurry shall be measured by the ton (dry weight) 
as calculated from the minimum percent dry solids content of the 
slurry, multiplied by the weight of the slurry in tons delivered. 

 
B. Fly Ash.  Fly ash shall be measured by the ton (dry weight). When 

fly ash is furnished in trucks, the weight of fly ash shall be 
determined on certified scales. 

 
When fly ash is furnished in bags, each bag must indicate the 
manufacturer’s certified weight. Bags varying more than 5% from 
that weight may be rejected. The average weight of bags in any 



Item 223       FOR PROJECTS INITIATED 
Page -7-       AFTER JUNE 1, 2015 
        1ST ISSUE 

shipment, as determined by weighing 10 bags taken at random, 
must be at least the manufacturer’s certified weight. 

 
C. LFA Treatment.  LFA treatment shall be measured by the square 

yard of surface area for the specified depth. The dimensions for 
determining the surface area are established by the widths shown 
on the plans and the lengths measured at placement. 

 
223.6 Payment.  The work performed as prescribed by this Item and measured 

in accordance with the provisions of measurement above, shall be paid for 
at the unit prices bid as follows: 

 
A. Lime.  Lime shall be paid as per Item 221 “Hydrated Lime and Lime 

Slurry” at the unit price bid. 
 

B. Fly Ash.  Fly ash shall be paid for under this Item at the unit price 
bid for “Fly Ash” of the type specified. This price is full 
compensation for furnishing fly ash. 

 
C. LFA Treatment.  LFA treatment shall be paid for under this Item at 

the unit price bid for “LFA Treated Subgrade,” for the depth 
specified. No payment shall be made for thickness or width 
exceeding that shown on the plans. This price is full compensation 
for shaping existing material, loosening, mixing, pulverizing, 
spreading, applying lime and fly ash, compacting, finishing, curing 
including curing materials, water, drying, blading, shaping and 
maintaining, replacing, disposing of loosened materials, 
processing, hauling, reworking (if required), preparing secondary 
subgrade (if required), equipment, labor, tools, and incidentals. 

 
Lime and fly ash used for reworking a section shall be in accordance with 
Section 223.4.E, “Reworking a Section,” and shall be paid for at the unit 
prices bid for their respective Items. Placement, mixing, compaction and 
any other items of work required for subgrade stabilization, will not be paid 
for directly but considered incidental to this Item. 

 
Sprinkling and rolling shall not be paid for directly but shall be subsidiary 
to this Item unless otherwise shown on the plans. 

 
Where importation of borrow material is necessary to correct soft spots, 
payment shall be made as an extra work item under Item 130 “Borrow”. 

 
Asphalt emulsion used solely for curing shall not be paid for directly, but 
shall be subsidiary to this Item. 
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Prime Coat placed for curing and priming shall be paid for under Item 310 
“Prime Coat/Sealer.” 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications 
 

Item 130 “Borrow” 
Item 205 “Subgrade” 
Item 221 “Hydrated Lime and Lime Slurry” 
Item 310 “Prime Coat/Sealer” 

 
END OF ITEM 223 
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ITEM 360 
 

CONCRETE PAVEMENT 
 
 
360.1 Description.  This Item shall govern for a pavement of portland cement 

concrete with reinforcement.  The pavement shall be as shown on the 
drawings, and may or may not include monolithic curbs.  The pavement 
includes any driveways that are included in the project bid.  

 
The pavement shall be constructed as herein specified on the prepared 
subgrade or other base course in conformity with the thickness and typical 
cross-sections shown on the drawings, and to the lines and grades 
established by the Engineer.  All materials shall be provided from an 
approved Texas Department of Transportation (TxDOT) supplier and it 
shall be the responsibility of the Contractor to provide certification that 
such approval has been met.  In addition, other tests or approvals may be 
required at the discretion of the Engineer.   

 
360.2 Materials.  Harris County’s standard mix design shall contain minimum 5-

1/2 sacks (94 pounds per sack) of cementitious material (including fly ash 
as necessary) per cubic yard and achieve a minimum compressive 
strength of 3,000 psi at 28 days.  

 
The use of fly ash is acceptable and when used, the mix design shall 
contain 5-1/2 sacks of cementitious material per cubic yard with a fly ash 
content of not more than 25 percent by weight, and will achieve a 
minimum compressive strength of 3,000 psi at 28 days. It is 
recommended that the percent of fly ash by weight be reduced to a 
maximum of 20 percent during cold weather concreting (average ambient 
temperature, over a 24 hour period after placement, less than 50° F).  Fly 
ash shall be Class C or Class F, conforming to the requirements of ASTM 
C618 “Standard Specification for Coal Fly Ash and Raw or Calcined 
Natural Pozzolan for Use in Concrete.”  Fly ash shall have a minimum 
combined Oxide content of 50 percent for Class C or 70 percent for Class 
F.  Do not use Class C fly ash in sulfate-resistant (Type II cement) 
concrete.  

 
“High Early Strength Concrete” shall contain 7 sacks of portland cement 
(only) per cubic yard and may be produced from either Type I, Type II, or 
Type III portland cement with other chemical admixtures. 

 
Concrete Components: 

 
Concrete shall be composed of portland cement, fly ash (if required), 
water, chemical admixtures and coarse and fine aggregates, as outlined 
below:
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A. Portland cement shall meet the requirements of ASTM C150 

"Standard Specification for Portland Cement.”  Unless otherwise 
permitted or required, cement shall be Type I, Type II, or Type III. 

 
B. Fly Ash for concrete pavement (if applicable) shall meet the 

requirements of TxDOT’s DMS-4610, “Fly Ash.” Fly ash is not 
allowed for use in High Early Strength Concrete. 

 
C. Mixing water for concrete shall conform to the requirements of 

ASTM C1602 "Standard Specification for Mixing Water Used in the 
Production of Hydraulic Cement Concrete.” 

 
D. Chemical admixtures shall conform to the following specifications: 

 
1. Air-entraining admixtures shall conform to the requirements 

of ASTM C260 "Standard Specification for Air-Entraining 
Admixtures for Concrete" 

 
2. Chemical admixtures shall conform to the requirements of 

ASTM C494 "Standard Specification for Chemical 
Admixtures for Concrete.” 

  
E. Aggregates shall conform to ASTM C33 "Standard Specification for 

Concrete Aggregates.”   
 

Coarse aggregate shall consist of durable particles of gravel, 
crushed stone, or combinations thereof, free from frozen material 
or injurious amounts of salt, alkali, vegetative matter, or other 
objectionable material either free or as an adherent coating, and its 
quality shall be reasonably uniform throughout.  It shall contain no 
more than 0.25 percent by weight of clay lumps and not more than 
1.0 percent by weight of laminated and/or friable particles.  When 
tested by ASTM C136 “Standard Test Method for Sieve Analysis of 
Fine and Coarse Aggregates” and C117 “Standard Test Method for 
Minerals Finer than 75-µm (No. 200) Sieve in Mineral Aggregates 
by Washing”, it shall meet the following grading requirements: 

 
TABLE 1 

 
COARSE AGGREGATE GRADATION 

 

SIEVE SIZE % RETAINED, BY WEIGHT 

1-3/4 Inch 0 

1-1/2 Inch 0 – 5 
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SIEVE SIZE % RETAINED, BY WEIGHT 

3/4 Inch 30 – 65 

3/8 Inch 70 – 90 

No. 4 95 – 100 

The loss by decantation shall be a maximum of 1 percent 
 

F. Fine aggregate shall consist of clean, hard, durable and uncoated 
particles of natural or manufactured sand or a combination thereof, 
with or without mineral filler.  It shall be free from frozen material, or 
injurious amounts of salt, alkali, vegetative matter or other 
objectionable material and it shall not contain more than 0.5 
percent, by weight, of clay lumps.  When subjected to the color test 
for organic impurities, ASTM C40 “Standard Test Method for 
Organic Impurities in Fine Aggregates for Concrete”, the fine 
aggregate shall show a color not darker than the standard. 

 
Unless otherwise specified, fine aggregate shall meet the following 
grading requirements: 

 
TABLE 2 

 
FINE AGGREGATE GRADATION 

 

SIEVE SIZE % RETAINED BY WEIGHT 

3/8 Inch 0 

No. 4 0 – 5 

No. 8 0 – 20 

No. 16 15 – 50 

No. 30 35 – 75 

No. 50 65 – 90 

No. 100 90 – 100 

No. 200 97 – 100 

 
Fine aggregate shall be subjected to ASTM D2419 “Standard Test 
Method for Sand Equivalent Value of Soils and Fine Aggregate”.  
The sand equivalent shall be not less than 80. 

 
Mineral filler shall consist of stone dust, clean crushed sand or 
other approved inert material. 

 
Reinforcing Steel: 
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Unless otherwise designated on the drawings, or herein, all bar 
reinforcement shall be deformed and shall conform to ASTM A615 
“Standard Specification for Deformed and Plain Carbon-Steel Bars for 
Concrete Reinforcement”, Grade 60, open hearth, basic oxygen or electric 
furnace new billet steel.  The use of Grade 40 is permissible for bars that 
must be bent.  The use of prefabricated deformed steel bar mats, 
conforming to ASTM A184 “Standard Specification for Welded Deformed 
Steel Bar Mats for Concrete Reinforcement”, is not permitted. 

 
Tie bars (including L-bars) shall be the same spacing and diameter as the 
transverse or longitudinal bars (as the case may be), and shall be tied to 
the transverse or longitudinal reinforcing steel being used in the 
pavement.  Tie bars shall be a minimum of 30 inches in length.  Type III 
adhesives meeting the requirements of TxDOT Material Specification 
DMS-6100 “Epoxies and Adhesives” shall be used for installing drilled-in 
reinforcing steel and dowels, into the existing concrete pavements. 

 
Expansion Joints: 

 
Boards for expansion joint filler shall be 3/4 inch finished thickness.  The 
material for the boards shall consist of “All Heart Merchantable Redwood” 
or composite material as approved by the Engineer.  The joint filler shall 
meet the testing requirements of ASTM D545 “Standard Test Methods for 
Preformed Expansion Joint Fillers for Concrete Construction (Non-
extruding and Resilient Types).”  

 
If the joint filler used is a bituminous composite, it shall meet the 
requirements of ASTM D1751 “Standard Specification for Preformed 
Expansion Joint Filler for Concrete Paving and Structural Construction 
(Non-extruding and Resilient Bituminous Types).”   

 
Joint sealant shall meet the requirements of ASTM D6690 “Standard 
Specification for Joint and Crack Sealants, Hot Applied, for Concrete and 
Asphalt Pavements", Type II or III.  Joint sealant for expansion joints shall 
be installed 1/4 inch below the top of pavement elevation. Prefabricated 
expansion joints may be used with approval by the Engineer. 

 
Load transmission devices shall consist of an 18 inch smooth dowel 
placed as shown on the Standard Civil Drawing. The dowel size varies 
with pavement thickness as shown on the Concrete Pavement Details of 
the Harris County Standard Civil Drawings. Dowels may be sheared or 
saw cut to the desired length.   

 
360.3 Storage of Materials.  Cement shall be stored in well ventilated 

weathertight buildings, bins, or silos which shall exclude moisture and 
contaminants. 
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Aggregate stockpiles shall be arranged and used in such a manner as to 
avoid contamination, with other materials or with other sizes of like 
aggregates.  To ensure that this condition is met, any test for determining 
conformance to requirements for cleanliness and grading shall be 
performed on samples secured in accordance with ASTM D75 “Standard 
Practice for Sampling Aggregates.” Frozen or partially frozen aggregates 
shall not be used.  Unless otherwise authorized by the Engineer, all 
aggregate shall be stockpiled at least 24 hours prior to use, to reduce free 
moisture content. 

 
Chemical admixtures shall be stored in such a manner as to avoid 
contamination, evaporation, or damage.  For those used in the form of 
suspensions or non-stable solutions, agitating equipment shall be 
provided to assure thorough distribution of the ingredients.  Liquid 
admixtures shall be protected from freezing and from temperature 
changes which would adversely affect their characteristics. 

 
360.4 Proportioning of Concrete.  Concrete for all parts of the work shall be of 

the specified quality, capable of being placed without excessive 
segregation and, when hardened, shall develop all characteristics required 
by this Item and the contract documents. 

 
The specified compressive strength of the concrete, for each portion of 
the structure, shall be as designated in the contract documents.  Strength 
requirements shall be based on the 28 day and 7 day compressive 
strength, respectively. 

 
360.5 Concrete Classification.  Concrete shall be classified as shown in Table 3 

of Item 421 “Structural Concrete”. 
 
360.6 Selection of Proportions.  Proportions of materials for concrete shall be 

established to provide: 
 

A. Workability and consistency to permit concrete to be worked readily 
into forms and around reinforcement under conditions of placement 
to be employed without segregation or excessive bleeding. 

 
B. Strength requirements in accordance with Table 3 of Item 421. 

 
C. Resistance to special exposure as required by the Engineer and as 

specified in the contract documents or in Special Provisions. 
 

Unless otherwise permitted, the concrete mix design shall be proportioned 
to provide a slump between 1 and 6 inches.  A slump range of 1 to 3-1/2 
inches shall be used for concrete placed with a slip form paver, while 
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vibrated concrete shall have a slump range of 2-1/2 to 6 inches, when 
tested in accordance with ASTM C143 "Standard Test Method for Slump 
of Hydraulic-Cement Concrete.”  A slump test will be made for each 
sample of concrete obtained, or when slumps appear to be outside 
specification requirements.  The allowable air content for moderate 
exposure is: 

  

AGGREGATE SIZE % AIR CONTENT 

1-1/2 Inch 2.5 - 4.5 

3/4 Inch 3.5 – 5.0 

 
The Engineer may reject any concrete shown to be outside of these 
requirements. 

 
All concrete pavement shall have a minimum design compressive strength 
of 3,000 psi at 28 days.  A minimum of 4 test cylinders shall be made for 
each 150 cubic yards, or portion thereof, placed each day.  Samples shall 
be taken in accordance with ASTM C172 “Standard Practice for Sampling 
Freshly Mixed Concrete” and molded and cured in accordance with ASTM 
C31 “Standard Practice for Making and Curing Concrete Test Specimens 
in the Field.”   

 
All test specimens shall be prepared in accordance with ASTM C617 
“Standard Practice for Capping Cylindrical Concrete Specimens” and 
tested in accordance with ASTM C39 “Standard Test Method for 
Compressive Strength of Cylindrical Concrete Specimens.”  Two 
specimens shall be tested at 7 days and two specimens shall be tested at 
28 days.  The acceptance test results shall be the average of the two 
specimens tested for each age interval.  If one specimen in a test age 
indicates evidence of improper sampling, handling, molding or testing, it 
shall be discarded and the strength of the remaining specimen shall be 
considered the test result.  Should both specimens in a test interval show 
any of the aforementioned defects, the Engineer may request that cores 
be taken in the affected area. 

 
Additional test specimens may be required due to concrete placing 
conditions and due to use of high early strength concrete.  No extra 
compensation shall be allowed for materials and work involved in fulfilling 
these requirements. 

 
360.7 Equipment.  All equipment necessary for the construction of concrete 

pavement shall be on the job and shall have been approved by the 
Engineer as to condition, before the Contractor will be permitted to begin 
construction operations on which the equipment is to be used. 
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Side forms shall be of metal of approved cross-section.  The preferred 
depth of the form shall be equal to the required edge thickness of the 
pavement.  Forms with depths less than the required edge thickness of 
the pavement will be permitted, provided the difference between the form 
depth and the edge thickness is not greater than 1 inch, and further 
provided that forms of a depth, less than the pavement edge are brought 
to the required edge thickness by securely attaching wood or metal strips, 
of approved section, to the bottom of the form, or by grouting under the 
form.  

 
The length of form sections shall be not less than 10 feet and each 
section shall provide for staking in position with not less than 3 pins. 
Flexible or curved forms of wood or metal of proper radius shall be used 
for curves of 100 foot radius or less.  Forms shall be of ample strength 
and shall be provided with adequate devices for secure setting so that 
when in-place they will withstand without visible springing or settlement, 
the impact and vibration of the finishing machine.  The forms shall be free 
from warp, bends or kinks and shall be sufficiently true to provide a 
reasonably straight edge on the concrete. The top of each form section, 
when tested with a straight edge, shall conform to the requirements 
specified for the surface of the completed pavement.  Sufficient forms 
shall be provided for satisfactory prosecution of the work. 

  
A minimum of two hand vibrators is required at the jobsite when placing 
concrete.  A hand vibrator shall be used around all load transfer devices 
and intersections where screeds or slip form pavers cannot be operated. 

 
Pavement shall be finished by machine, except as hereinafter provided.  
Placement shall be the Contractor’s responsibility and shall be based 
upon equipment sequences utilized in accordance with the 
recommendations and practices of ACI 304R “Guide for Measuring, 
Mixing, Transporting, and Placing Concrete”, and with the approval of the 
Engineer. 

 
The Contractor shall furnish and maintain at least two standard 10 foot 
steel or aluminum straight edges. 

 
Where applicable, the Contractor shall furnish a sufficient number of 
bridges equipped to ride on the forms and span the pavement for finishing 
operations and for the installation and finishing of joints and center strips.  
All necessary finishing and edging tools shall be furnished as may be 
required to complete the pavement in accordance with the drawings. 

 
360.8 Slip Form Paver.  Slip form pavers are allowed by Harris County. 
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360.9 Subgrade and Forms.  The subgrade shall be prepared as required by the 
applicable subgrade specification items.  Rolling and sprinkling shall be 
performed as necessary, or as directed. The roadbed shall be completed 
to the elevation as required on the typical sections shown on construction 
drawings.    Drainage of the roadbed shall be maintained at all times. 

 
The subgrade shall be finished to the exact section of the bottom of the 
pavement as shown on plans.  The subgrade shall be maintained in a 
smooth, compacted condition, in conformity with the required section and 
established grade until the pavement is placed, and shall be kept 
thoroughly wetted down sufficiently in advance of placing any pavement to 
insure its being in a firm and moist condition for at least 2 inches below 
the prepared surface.  No equipment or hauling shall be permitted on the 
prepared subgrade, except on special permission of the Engineer, which 
will be granted only in exceptional cases and only where a suitable 
protection in the form of two-ply timber mats or other approved material is 
provided. 

 
The subgrade under the forms shall be firm and cut true to grade so that 
each form section when placed will be firmly in contact for its whole length 
and base width, and exactly at the established grade.  Any subgrade 
under the forms below established grade shall be corrected, using 
suitable material, placed, sprinkled and rolled as directed.  Forms shall be 
staked with at least 3 pins for each 10 foot section.  A pin shall be placed 
at each side of every joint.  Form sections shall be tightly joined and 
keyed to prevent relative displacement.  Forms shall be cleaned and oiled 
each time they are used. 

 
Sufficient subgrade shall be prepared far enough in advance of concrete 
placement to allow a minimum of 300 feet of forms to be set in place in 
advance of concrete placement at all times (with exception of 
intersections, etc.) or as approved by the Engineer.  Conformity of the 
grade and alignment of forms shall be checked immediately prior to 
placing concrete and all necessary corrections made by the Contractor.  
Where any form has been disturbed or any subgrade has become 
unstable, the form shall be reset and rechecked.  In exceptional cases, 
the Engineer may require suitable stakes driven to the grade of the bottom 
of the forms to afford additional support.  Sufficient stability of forms to 
support the equipment operated thereon and to withstand its vibration 
without springing or settlement shall be required.  If forms settle over 1/8 
inch under finishing operation, paving operations shall be stopped and the 
forms shall be reset to line and grade. 

 
Forms shall remain in place for a minimum of 8 hours after the concrete 
has been placed.  They shall be carefully removed so that there is little or 
no damage done to the edge of the pavement.  Any damage resulting 
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from this operation shall be immediately repaired.  After the forms have 
been removed, the ends of all joints shall be cleaned, and any 
honeycombed areas pointed up with an approved mortar. 

 
Immediately after pointing is complete, the form trench shall be filled with 
earth from the shoulders in such manner as to shed water from rainfall or 
curing away from the edge of the pavement.  On completion of the 
required curing, the subgrade or shoulders adjacent to the pavement shall 
be placed in condition to maintain drainage. 

  
360.10 Reinforcing Steel and Joint Assemblies.  All reinforcing steel, tie bars, 

load transmission units and splices used in accordance with plan 
provisions meeting the requirements of Item 440 “Reinforcing Steel”, shall 
be accurately placed and secured in position in accordance with the 
details shown on drawings.   

  
Reinforcing bars shall be secured at all splices and at alternating 
intersections. The tie bars shall be installed in required position by the 
method and device shown on drawings, or by approved method and 
device equivalent thereto.  Bar coatings required by plans, and of material 
specified, shall be completed and the bars and coating shall be free of 
rust, dirt or other foreign matter at the time of installation in the concrete.  
Reinforcing bars shall be supported on bar chairs or other approved 
devices placed on maximum 36 inches center each way, and placed so 
that the reinforcing bar is located at the centerline of the concrete.  

 
Where plans require an assembly of parts at pavement joints, the 
assembly shall be completed, placed at required location and elevation, 
and all parts rigidly secured in required position as shown on plans, or by 
approved method and devices equivalent thereto.  Dowel bars shall be 
accurately installed in joint assemblies in accordance with drawings, each 
parallel to the pavement, and shall be rigidly secured in required position 
by such means (as shown on plans, or approved equivalent thereto) that 
will prevent displacement of the dowels during placing and finishing of the 
concrete.  The assembled units comprising the load transmission devices 
shall be accurately installed in joint assemblies in accordance with plans. 
Each unit shall be vertical with its length perpendicular to the centerline of 
the pavement, and all units shall be rigidly secured in required position by 
such means (as shown on drawings, or approved equivalent thereof) that 
will prevent displacement of the expansion joint during placing and 
finishing of the concrete.  Joint filler shall be accurately notched to receive 
each load transmission unit. All load transmission units shall be free of 
rust and clean when installed in the concrete. 

 
360.11 Concrete Placing.  Except by specific written authorization of the 

Engineer, concrete shall not be placed when the ambient temperature is 
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below 40°F and falling.  Concrete may be placed when the ambient 
temperature is above 35°F and rising, the ambient temperature being 
taken in the shade and away from artificial heat. 

  
The Contractor shall have available a sufficient supply of approved cotton 
mats, polyethylene sheeting or other approved covering materials to 
immediately protect concrete if the air temperature falls to 32ºF, or below, 
if the concrete has been in place for less than 4 hours.  Such protection 
shall remain in place during the period the temperature continues 32°F or 
below, or for a period of not more than 5 days.  Neither salt nor other 
chemical admixtures shall be added to the concrete to prevent freezing.  
The Contractor shall be responsible for the quality and strength of 
concrete under cold weather conditions and any concrete damaged by 
freezing shall be removed and replaced at the Contractor’s expense. 

 
When the concrete reaches a temperature of 85°F, retarders shall be 
introduced into the mixture. 

 
If the concrete temperature continues to rise and reaches 95°F, a 
plasticizer shall be introduced into the mixture.  Above 95°F, ice may be 
used to control temperature, in lieu of a plasticizer.   

 
For concrete between temperatures of 85°F through 95°F, the slump shall 
be as specified in this Item.  For concrete with temperatures between 95-
100°F, slumps shall be as specified by the Engineer. The temperature of 
the concrete shall at no time exceed 100°F. Once concrete has reached a 
temperature above 100°F, it shall be rejected. 

 
The amount of retarder or plasticizer, introduced into a mixture, shall be in 
accordance with the manufacturer’s recommendations.  See Section 
360.2, Materials, for requirements of admixtures. 

 
No concrete shall be used if: 

 
A. the concrete has developed initial set, or 

  
B. the concrete has not been placed within 1-1/2 hours after the initial 

water has been added. 
 

Pouring concrete during inclement weather, which would adversely affect 
the quality and/or finish of the concrete pavement does not relieve the 
Contractor of his responsibility to provide a pavement that complies with 
the Item.     

    
360.12 Joints.  All transverse and longitudinal joints in the pavement shall be at 

the locations and of the type shown on the drawings.   
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Expansion Joints: 

 
Transverse expansion joints shall be formed perpendicular to the 
centerline and surface of the pavement, and shall be constructed in 
accordance with the drawings.   

 
The seal space shall be created by either of the following methods: 

 
A. Seal Space Form (aka Rip Strip) After the transverse finishing 

machine and before the longitudinal finishing machine has passed 
over the joint, the Contractor shall test the joint assembly for 
correctness of position and make any required adjustment in 
position of the joint assembly. After removal of the seal space form, 
the seal space above the joint assembly shall be thoroughly 
cleaned and the concrete faces of the seal space shall be left true 
to line and section throughout the entire length of the joint. 

 
B. Other method as approved by the Engineer.  

 
On completion of curing of the pavement, the expansion joint sealant of 
the type specified shall be placed in accordance with drawings.  The faces 
of the seal space shall be washed and cleaned and surface-dry at the 
time sealant is placed.  On completion of sealing, the pavement surface 
(adjacent to the joint) shall be left free of sealing material. 

 
Sawcut Joints:  - Transverse Contraction and Longitudinal  

 
All contraction joints (transverse or longitudinal) that are not at the edge or 
end of a pour shall be saw cut.  Metal or fiber “rip” strips placed in the 
uncured concrete will not be permitted.  Where sawed joints are required, 
they shall be sawed as soon as sawing can be accomplished, without 
damage to the pavement, and as directed by the Engineer.  Once sawing 
has commenced, it shall be continued until completed.  The saw cut shall 
be made with one pass of the concrete saw.  Sawing must be 
accomplished even in rain or cold weather.  All sawing must be completed 
within 24 hours of the concrete pavement placement.  Within 24 hours of 
completing the concrete pour, all sawcut joints shall be sawed and 
washed of all residue.  Should the sawing for any day's placement fail to 
be completed within 48 hours; the following concrete placement shall be 
limited to the amount that was sawed on time.  The limitation shall 
continue until the sawing crew demonstrates it can handle a larger volume 
of sawing. 

 
The sawed cut shall be a minimum of 1/4 inch width and have a depth of 
one-fourth the thickness of the pavement.  After sawcutting, the joint shall 
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be sealed with joint sealer, in accordance with the instructions supplied by 
the manufacturer of the joint sealant.  Sealant shall fill the joint from 
bottom to 1/4 inch below concrete surface.  Use of backer rods in sawcut 
joints is prohibited. 

 
Unless otherwise specified, transverse sawed control joints shall be 
constructed at 20 foot intervals measured along the centerline of the 
pavement section, or as directed by the Engineer.  

 
Longitudinal Construction Joints: 

 
When constructing a longitudinal construction joint, all applicable 
provisions of Section 360.7 shall apply in addition to the following 
requirements: 

 
The face of the bulkhead at the joint shall be grooved or recessed as 
necessary to provide the required spaces for the top and bottom breaker 
strips as shown on plans.  The bulkhead shall be either drilled or notched 
to receive the tie bars.  Tie bars shall be secured in required position by 
use of adequate transverse bracing and vertical supports meeting the 
approval of the Engineer. 

 
360.13 Terminating Concrete Placement: 
 

Normal Terminating Procedures.  Concrete placement shall be terminated 
at an expansion joint or a transverse construction joint that is coincidental 
with a location of a proposed contraction joint. 

 
When the concrete placement is terminated at an expansion joint or a 
transverse construction joint, the complete joint assembly shall be 
installed and rigidly secured in the required position as shown on the 
plans.  

 
A bulkhead of sufficient cross-sectional area to: 

 
A. prevent deflection and 

  
B. accommodate the dowels 

  
shall be provided. The bulkhead shall be shaped accurately to the cross-
section of the pavement and installed as a back-up for the expansion joint 
header or transverse construction joint header and rigidly secured in the 
required position to permit accurate finishing of the concrete up to the 
joint.   
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After the concrete has been finished to the joint, formation of the joint seal 
space and finishing of the joint shall be executed as specified herein and 
in accordance with plan requirements. The back-up bulkhead shall remain 
in place until immediately prior to the time when concrete placement is 
resumed. It shall then be carefully removed in such manner that no 
element of the joint assembly will be disturbed.  The exposed portions of 
the joint assembly shall be free of adherent concrete, dirt or other 
material. 

 
Unscheduled Terminating Procedures.  When concrete placement must 
be terminated at a location other than an expansion joint or transverse 
construction joint, all applicable provisions of Section 360.7 shall apply, in 
addition to the following requirements: 

 
A bulkhead shall be installed as a vertical form to pour the concrete 
against. The bulkhead adjoining the pavement end shall consist of upper 
and lower panels, with a gap of approximately two inches between, 
through which the reinforcing steel mat extends.  During the concrete 
pouring process, some concrete will extrude through the gap, which is to 
be left in place to create a roughly formed “keyway” into the subsequent 
pour section.   

 
Concrete shall be placed and finished to this bulkhead.  Any concrete that 
falls onto the subgrade ahead of the bulkhead shall be removed and 
disposed of as directed.  The seam created by a construction joint of this 
type shall have a saw-cut seal space and shall be sealed as required for 
construction joints. 

 
360.14 Finishing.  All finishing shall be in accordance with ACI 325.6R “Texturing 

Concrete Pavements”. 
 

The Engineer shall approve the straightedge.  The surface of the concrete 
shall not vary from the straightedge by more than 1/16 inch per foot from 
the nearest point of contact, and in no case shall the maximum deviation 
from a ten foot straightedge to the pavement be greater than 1/8 inch.  
Any high spots causing a departure from the straightedge in excess of 
that specified shall be ground down by the Contractor to meet the surface 
test requirements, when required by the Engineer. 

 
360.15 Curing.  The Contractor shall prevent surface drying of the pavement 

before application of curing system by means that may include water 
fogging, use of wind screens or the use of evaporation retardants. He 
shall provide for protection of freshly laid concrete against pitting and 
washing from rain, by placement of canvas and/or waterproof covering 
material to protect all placed concrete.  The covering material is required 
to be on the jobsite at the time and place of pouring.  
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The curing system may be: 

 
A. Liquid Membrane.  Liquid membrane curing shall be used as per 

Item 526 “Membrane Curing”.   
 

B. Additional Curing Methods.  Other methods meeting the 
requirements of ACI 308R “Standard Practice for Curing Concrete” 
must be submitted by the Contractor in writing prior to concrete 
placement and approved by the Engineer. 

 
360.16 Protection of Pavement and Opening to Traffic.  The Contractor shall 

erect and maintain the barricades required by the plans, and such other 
barricades and approved devices necessary to exclude public traffic and 
traffic of his employees and agents from the newly placed pavement for 
the periods of time hereinafter prescribed.  Portions of the roadway, or 
crossings of the roadbed required to be maintained open for use by traffic, 
shall not be obstructed by the above required barricades.  Crossings of 
the pavement required by plans, or by construction sequence, during the 
period prior to opening to traffic as herein specified, shall be provided with 
an adequate and substantial bridge, approved by the Engineer. 

 
Cracked pavement shall be cored by Harris County any time after the 28 
day cure time is complete. The location of these cores shall be selected 
by the Engineer. Pavement that has developed full depth cracks (greater 
than t/4 inch depth, where t = thickness of pavement) may, at the 
County’s option, be left in place and repaired by the epoxy injection 
method.  Otherwise the cracked pavement shall be removed and 
replaced. There shall be no additional payment for repairs or replacement.  
Basis of removal for cracked pavement shall be determined by the 
engineer and the extent of this pavement removal shall be based on the 
crack pattern and number of cracks in each panel.  If the cracks are wide 
spread (vertically or horizontally) or close to expansion joint or control 
joint, and over a large area of 12 foot wide panel, then entire panel shall 
be removed and replaced as determined by the Engineer. 

 
Surface cracks t/4 inches and less in depth may be repaired by the epoxy 
injection method at no cost to the County.  

 
Prior to epoxy injection, the Contractor shall submit to the County for 
approval, the injection method to be used. The Contractor shall furnish a 
minimum of 2 year warranty when utilizing the epoxy injection method.  

 
New pavement sections shall be closed to all traffic, both PUBLIC and 
CONSTRUCTION, until the concrete has attained a compressive strength 
of 2,700 psi.  If the Contractor or the County desires to open the new 



Item 360       FOR PROJECTS INITIATED 
Page -15-       AFTER SEPTEMBER 1, 2017 
        REVISION 18 

 

pavement section to traffic early, an additional set of test cylinders must 
be requested for an early test.  If the early test indicates that the minimum 
compressive strength requirement has been met, and if all other 
requirements of this Item have been met, the pavement section can be 
opened to traffic.  If the Contractor requests the early test, the Contractor 
will pay the cost.  If the County requests the early test, the County will pay 
the cost.  Such opening of a new pavement section, to PUBLIC or 
CONSTRUCTION traffic, shall in no manner relieve the Contractor from 
his responsibility of the work. 

 
On those sections of pavement to be opened to PUBLIC traffic, the 
pavement shall be thoroughly cleaned, stable material shall be placed, 
graded, and compacted against the pavement edge or curb unless 
otherwise specified. Joints shall be sealed and cured, and all required 
traffic control work shall be performed for the safety of the traffic. 

 
The Engineer may require the opening of pavement to traffic prior to the 
minimum strength specified above under conditions of emergency, which 
in his opinion, require such action in the interest of the public.  In no case 
shall the Engineer order opening of the pavement to traffic within less than 
72 hours after the last concrete in the sections is placed unless an 
approved high early strength concrete was used.  The Contractor shall 
remove any curing mats, place earth against the pavement edges, and 
perform other work involved in providing for the safety of traffic as 
required by the Engineer in ordering emergency opening.  Orders for 
emergency opening of the pavement to traffic will be issued by the 
Engineer in writing. 

 
360.17 Backfilling Behind Curbs and in Medians and Directional Islands.  The 

Contractor is required to backfill behind all curbs and within medians and 
directional islands, after completion of the paving operation.  The backfill 
material shall be on-site material having the prior approval of the 
Engineer.  No separate payment shall be made for backfilling behind 
curbs and in medians and directional islands, but it shall be considered 
incidental to this Item. 

 
360.18 Deficient Pavement Thickness.  It is the intent of this Item that the 

pavement be constructed in strict conformity with the thickness and typical 
sections shown on plans. 

 
Concrete Placement Method. 

 
A. Conventional Side Form Paving:  The Engineer will check the 

pavement thickness in accordance with the dimensions shown on 
the plans.  The Engineer will perform 1 thickness test consisting of 
1 reading at approximately the center of the paving equipment 
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every 500 feet or fraction thereof.  All deficiencies from plan 
thickness shall be corrected prior to concrete placement. 

 
B. Slip Form Paving:  The Engineer will check the pavement thickness 

in accordance with TxDOT’s Test Procedure Tex-423-A.  The 
Engineer will perform 1 thickness test consisting of 1 reading at 
approximately the center of the paving equipment every 500 feet or 
fraction thereof.  Verify deficiencies of more than 0.2 inches from 
plan thickness and determine the limits of deficiencies of more than 
0.75 inches from plan thickness by coring.  Core where directed, in 
accordance with ASTM C174 “Standard Test Method for Measuring 
Thickness of Concrete Elements Using Drilled Concrete Cores.”  
Fill core holes using a concrete mixture and method approved by 
the Engineer. 

 
Thickness Deficiencies Greater than 0.2 inches.  When any depth 
test measured in accordance with Tex-423-A is deficient by more 
than 0.2 inches from the plan thickness, take one core at that 
location to verify the measurement.  

 
If the core is deficient by more than 0.2 inches but less than 0.75 
inches from the plan thickness, take 2 additional cores from the 
unit (500 foot length) at intervals of at least 150 feet and at 
locations selected by the Engineer, and determine the thickness of 
the unit for payment purposes by averaging the lengths of the 3 
cores.  (See Table for “Deficient Pavement Thickness price 
Adjustment Factor”). 

 
Thickness Deficiencies Greater than 0.75 inches.  If a core is 
deficient by more than 0.75 inches, take additional cores at 10 foot 
intervals in each direction parallel to the centerline to determine the 
boundary of the deficient area.  The Engineer will evaluate any 
area of pavement found deficient in thickness by more than 0.75 
inches.  As directed, the Contractor shall remove and replace the 
deficient areas with concrete pavement of thickness shown on the 
plans, without additional compensation. 

 
Pavement Units for Payment Adjustment.  Limits for applying a payment 
adjustment for deficient pavement thickness from 0.20 inches to not more 
than 0.75 inches are 500 feet of pavement in each lane.  Lane width will 
be shown on typical sections and pavement design standards.   

           
For pavement thickness deficiencies greater than 0.75 inches, the limits 
for requiring removal will be defined by coring as determined by the 
Engineer.  The remaining portion of the unit determined to be less than 
0.75 inches deficient will be subject to the payment adjustment based on 
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the average core thickness at each end of the 10 foot interval 
investigation as determined by the Engineer. 

 
Shoulders will be measured for thickness unless otherwise shown on the 
plans.  Shoulders 6 feet wide or wider will be considered as lanes.  
Shoulders less than 6 feet wide will be considered part of the adjacent 
lane.   

 
Limits for applying payment adjustment for deficient pavement thickness 
for ramps, widenings, acceleration and deceleration lanes, and other 
miscellaneous areas are 500 feet in length.  Areas less than 500 feet in 
length will be individually evaluated for payment adjustment based on the 
plan area. 

 
TABLE FOR DEFICIENT PAVEMENT THICKNESS PRICE 

ADJUSTMENT FACTOR 
 

DEFICIENCY IN THICKNESS 
DETERMINED BY CORES IN 

INCHES 

PROPORTIONAL PART 
CONTRACT PRICE 

ALLOWED 

0.00  to  0.20 100 Percent 

0.21  to  0.30 80 Percent 

0.31  to  0.40 72 Percent 

0.41  to  0.50 68 Percent 

0.51  to  0.75 57 Percent 

Over 0.75 Remove and Replace 

 
Any area found deficient in thickness by more than 0.75 inches shall be 
removed and replaced, at the Contractor's entire expense, with concrete 
of the thickness shown on drawings. 

 
No additional payment over the contract unit price will be made for any 
pavements of a thickness exceeding that required on drawings and 
planing of concrete pavement shall not be allowed. 

 
360.19 Non-Conforming Concrete.  Any concrete deemed non-conforming, which 

in the opinion of the Engineer is unsatisfactory, shall be removed and 
replaced at the expense of the Contractor. 

  
360.20 Quality Assurance.  The Testing Laboratory’s representative will sample 

concrete delivered to the site in accordance with ASTM C172 and will 
mold four specimens for each 150 cubic yards.  Each time a set of 
specimens is molded, the slump will be determined in accordance with 
ASTM C143 and the air content in accordance with ASTM C173 
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“Standard Test Method for Air Content of Freshly Mixed Concrete by the 
Volumetric Method” or ASTM C231 “Standard Test Method for Air Content 
of Freshly Mixed Concrete by the Pressure Method.”  Concrete cores, if 
required, shall be tested in accordance with ASTM C174 (9 point 
procedure) and ASTM C39.   

 
360.21 Measurement.  Concrete pavement shall be measured by the square yard 

of the specified mix design and thickness of completed and accepted 
pavement.  Dowels, when required, are incidental to this Item, and do not 
require measurement.  

 
360.22 Payment.  The work performed and the materials furnished as prescribed 

by this Item and measured as provided under "Measurement" shall be 
paid for at the unit price bid for "Concrete Pavement", or "Concrete 
Pavement, High Early Strength", as required, or the adjusted unit price for 
pavement of deficient thickness as provided under "Penalty for Deficient 
Pavement Thickness", which price shall be full compensation for shaping 
and fine grading the roadbed, including furnishing and applying all water 
required; for furnishing, loading and unloading, storing, handling all 
concrete ingredients, including all freight and royalty involved; for mixing, 
placing, finishing and curing all concrete; for furnishing all materials for 
and placing longitudinal, warping, expansion, sawed control and 
contraction joints, and load transmission units, and joint filler material in 
proper position; for coating steel bars where required by plans, for 
furnishing and placing all reinforcing steel, for drilling dowel holes in the 
existing concrete pavement, providing and installing dowels and epoxy 
grouting them where required by the plans; and for all manipulations, 
labor, equipment, appliances, tools, traffic provisions and incidentals 
necessary to complete the work. 

 
  

There are line code(s), description(s) and unit(s) for this Item.   
 

NOTE: This Item requires other Standard Specifications 
 

Item 205 “Subgrade” 
Item 421 “Structural Concrete” 
Item 440 “Reinforcing Steel“ 
Item 526 “Membrane Curing” 

 
END OF ITEM 360 
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ITEM 361 
 

FULL DEPTH REPAIR OF CONCRETE PAVEMENT 
 
 
361.1 Description.  This Item shall govern for repairing deteriorated areas of 

concrete pavement as herein specified, in conformity with the existing 
roadway section including curbs as applicable, and as directed by the 
Engineer. 

 
361.2 Materials.  The Contractor shall furnish from a source approved by the 

Engineer, all concrete, and hot poured rubber joint sealing material.  
Rubber joint sealing material shall conform to ASTM D6690 “Standard 
Specification for Joint and Crack Sealants, Hot Applied, for Concrete and 
Asphalt Pavements.”   

 
 Concrete for Pavement Repair: 
 

A. High Early Strength Concrete Mix shall contain 7 sacks of portland 
cement per cubic yard using a Type I, Type II, or Type III cement, 
which shall conform to ASTM C150 "Standard Specification for 
Portland Cement"  and in accordance with Item 360 “Concrete 
Pavement”. 
 

B. Rapid Setting High Early Strength Concrete Mix shall contain 7 
sacks of portland cement per cubic yard, with other chemical 
admixtures and its applications are designed for early opening of 
the concrete road pavement to traffic 24 hours or less after 
completing the pour and finish. 

 
An accelerating agent (Type C), conforming to ASTM C494 
"Standard Specification for Chemical Admixtures for Concrete" may 
be used.  All chemical admixtures shall be used in accordance with 
the manufacturer's recommendations. 

 
Proposed concrete curbs may be either monolithically poured with the 
pavement replacement under this Item, or poured separately, using 5-1/2 
sacks of Type I portland cement per cubic yard. 

 
The Contractor shall furnish all reinforcing steel for replacement purposes, 
when the Engineer deems the existing steel is not salvageable.  All 
reinforcing steel shall meet ASTM A615 “Standard Specification for 
Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement”, 
minimum Grade 60.  The rebar size should match the rebar in the existing 
pavement section unless it violates the following minimum rebar size: 
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A. No. 4 rebar for existing concrete pavement that is 7 inches thick or 
less. 

   
B. No. 5 rebar for existing concrete pavement 8 inch thick to 10 inch 

thick.   
 

Reinforcing steel shall be in accordance with Item 440 “Reinforcing Steel”. 
 

The Contractor shall furnish all curing compound.  Curing compound shall 
be in accordance with Item 526 “Membrane Curing”. 

 
361.3 Construction Methods.  When the areas to be repaired are located in an 

area that is overlaid with asphaltic concrete, the asphaltic concrete shall 
be removed over an area greater than that to be repaired, as directed by 
the Engineer.   

 
The minimum dimensions for full depth concrete pavement repair are one 
lane-width, and not less than 6 feet long.  Repair areas smaller than the 
minimum will show excessive “rocking” against the adjoining concrete 
pavement sections. Likewise, the minimum remainder of the slab shall be 
at least 6 feet (to the end of slab or next repair area). 

 
Steel Reinforcement: 
 

 Where reinforcement is present, the following procedures shall apply: 
 

A. A groove approximately 2 inches minimum depth shall be sawed 
along a line approximately 18 inches beyond the distressed area 
unless otherwise indicated on the drawings, except along the 
longitudinal construction joint if it is a pavement repair boundary. 
The concrete pavement and 6 inches of underlying base shall be 
removed.  The concrete in the area inside the perimeter of the 
sawcut slab shall be carefully broken and removed leaving a clean 
vertical face, taking care to work around the reinforcing steel so as 
not to break the bond in the steel in the adjacent concrete 
pavement.  At the perimeter, the breaking of the existing concrete 
will be accomplished by only the use of hand tools or lightweight 
jack hammers as approved by the Engineer.  Concrete adjacent to 
the repair area shall not be spalled or fractured by the removal 
procedure.  Base material shall be removed and replaced with a 
commercial grade cement stabilized sand base, as per Item 433 
“Cement Stabilized Sand Bedding and Backfill Material” Section 
433.2 and compacted to provide firm, even support to the concrete 
pavement. 

 
B. or as shown in contract documents or approved by the Engineer 
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Reinforcing bars that are removed shall be replaced with new bars as per 
the drawings.  The protruding reinforcing steel shall be inspected for 
damage and carefully straightened.  New reinforcing bars shall be placed 
and firmly supported by approved bar chairs. 

 
Longitudinal Reinforcement.  The new bars shall be spliced to the existing 
protruding bars by lapping a minimum of 18 inches or lapping and welding 
as directed by the Engineer. 

 
If three or more adjacent bars are seriously damaged or broken, they shall 
be replaced by drilling and grouting 30 inch long reinforcing bars 
(minimum #5 bars for 7 inch thick concrete; and #6 bars for concrete 9 
inches or greater in thickness), using an epoxy adhesive. The 30 inch 
reinforcing bars shall be embedded a minimum of 10 inches horizontally 
into the existing concrete pavement at a spacing of 18 inches on center.  
If less than three adjacent bars are damaged or broken, splicing to broken 
bars will not be required.  The accepted epoxy adhesive shall be in 
accordance with ASTM C881 “Standard Specification for Epoxy-Resin-
Base Bonding Systems for Concrete”, Type I, II, IV, and/or V; Grade 3; 
and depending on the air temperature either Class A & B, or Class C. 

 
For all concrete repair work, the following procedures shall apply.  The 
removed concrete and excavated base shall be disposed of by the 
Contractor, as directed by the Engineer.  Replacement of transverse joints 
will be required where the failed area necessitates the removal of existing 
joints.  Concrete, used for repair, shall be High Early Strength in 
accordance with Item 360 “Concrete Pavement” or Rapid Setting High 
Early Strength. 

 
Immediately prior to placing the concrete, the base and each face of 
existing concrete shall be wetted. Approved hand-operated mechanical 
vibrators shall be used to insure the proper consolidation of the concrete.  
The concrete shall be screeded off to the elevation of the adjacent 
concrete pavement and checked with a straight edge to insure that the 
riding surface will be satisfactorily repaired.  Areas shall also be checked 
to insure there is adequate slope to provide for free drainage.  The 
concrete shall be finished with a broom finish, as directed by the 
Engineer.  Membrane curing shall be used until the pavement is opened 
to traffic.  Membrane curing shall be in accordance with Item 526 
“Membrane Curing”. 

 
Part of the concrete repair work adjacent to existing concrete curb shall 
include replacement of grass sod and any backfill material needed behind 
the concrete curb, and these repairs shall be incidental to the bid item for 
concrete pavement repair.  The Contractor shall locate any existing 
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improvements (waterlines, sprinklers, or landscape appurtenances) to 
mitigate damages.  The Contractor shall be responsible for protecting 
these appurtenances, in the original condition, and if damaged by his 
operations, the Contractor shall replace them to the original condition or 
better, at no expense to Harris County. 

 
High Early Strength Concrete: 

 
The repaired area may be opened to traffic after 72 hours, when the 
concrete has attained a minimum average flexural strength of 500 psi, or 
a minimum average compressive strength of 2500 psi.  All test specimens 
(tested in accordance with ASTM C78 “Standard Test Method for Flexural 
Strength of Concrete (Using Simple Beam with Third-Point Loading)” or 
ASTM C39 “Standard Test Method for Compressive Strength of 
Cylindrical Concrete Specimens”) representing tests for opening to traffic, 
shall be cured using the same methods and under the same conditions as 
the concrete represented. 

 
Rapid Setting High Early Strength Concrete: 

 
The repaired area may be opened to traffic after 24 hours, when the 
concrete has attained a minimum average flexural strength of 400 psi, or 
a minimum average compressive strength of 2600 psi.  All test specimens 
(tested in accordance with ASTM C78 or ASTM C39) representing tests 
for opening to traffic, shall be cured using the same methods and under 
the same conditions as the concrete represented. 

 
If the time frame designated for opening traffic is less than 24 hours after 
concrete placement, concrete must be designed to attain a minimum 
average flexural strength of 255 psi or a minimum average compressive 
strength of 1,800 psi within the designated time frame as shown in the 
contract documents. 

 
361.4 Measurement.  Deteriorated areas repaired as prescribed for in this Item 

shall be measured by the square yard of surface area of the repaired 
section, regardless of the depth or type of pavement.  Calculation for each 
patch shall be rounded off to the nearest one-hundredth square yard. 

 
All 6 inch reinforced concrete curb shall be measured by the linear foot of 
curb, as replaced, complete in place, regardless of whether it was poured 
monolithically with the pavement, or placed separately or whether it was 
HES concrete or 5-1/2 sack concrete. 

 
Dowelling, when shown on the plans, or required by the Engineer, shall be 
measured per each dowel placed.  Doweling performed at the discretion 
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of the Contractor shall be incidental to this Item, and does not require 
measurement. 

 
361.5 Payment.  The work performed as prescribed by this Item and measured 

in accordance with the provisions of Measurement above, will be paid for 
at the unit price bid for "Full Depth Repair of Concrete Pavement", which 
price shall be full compensation for: 

 
A. saw-cutting (full or partial depth as shown on plans or directed by 

the Engineer);  
 

B. breaking the existing steel reinforced pavement structure and curb; 
 

C. excavation of 6 inches of base; 
 

D. removal, loading, hauling and disposal of the broken concrete 
pavement, curb and base; 

 
E. for furnishing and installing all material including reinforcing steel 

and all joints, including expansion joints;  
 

F. for all curing;  
 

G. for placing joint sealant as required;  
 

H. for cement stabilized sand base; 
 

I. for  the replacement of grass sod with required backfill;  
 

for all manipulations, labor, equipment, appliances, tools and incidentals 
necessary to complete the work except as follows: 

 
Dowelling performed as Directed by the Engineer Pavement dowelling 
performed as shown on the plans or as directed by the Engineer shall be  
measured in accordance with the provisions of Measurement above, will 
shall be paid for at the unit price bid for "Dowelling", which price shall be 
full compensation for drilling and grouting, including epoxy adhesive, for 
furnishing and installing all materials necessary, and for all manipulations, 
labor, equipment, appliances, tools, and incidentals necessary to 
complete the work. 

 
The   Contractor   may  choose  to   use  full  depth   sawcut with  drilled-in  
dowels    shown   on  the   typical  concrete roadway widening  detail  
drawing. If  the  Contractor   so  chooses,  the sawcutting    and    dowels    
will    be   at    his   own    expense    (these    items will  only  be  paid  for  
if the  County  requires  the  full  depth sawcut  and   dowels). 



Item 361       FOR PROJECTS INITIATED  
Page -6-       AFTER MAY 1, 2016 

REVISION 5 
 

 

 
Curb Installation: 

 
Proposed concrete curb will be paid for at the unit price bid for 6” 
reinforced concrete curb, which shall include the removal and disposal of 
the existing curb as needed.  The concrete curb is considered separate 
from the area measured and paid-for as “Repairing Existing Concrete 
Pavement”. 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE:  This Item requires Standard Civil Drawings that shall be 
incorporated into the contract documents. 

 
NOTE: This Item requires other Standard Specifications 

 
Item 205 “Subgrade” 
Item 440 “Reinforcing Steel” 
Item 433 “Cement Stabilized Sand Bedding and Backfill Material” 
Item 526 “Membrane Curing” 

  
END OF ITEM 361 
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ITEM 460 
 

REINFORCED CONCRETE PIPE 
 
 
460.1 Description.  This Item shall govern for the furnishing and installing of 

reinforced concrete pipe. 
 
460.2 Materials.  Except as modified herein, materials, manufacture and design 

of pipe shall conform to ASTM C76 “Standard Specification for Reinforced 
Concrete Culvert, Storm Drain, and Sewer Pipe”, Class III, for circular 
pipe, ASTM C506 “Standard Specification for Reinforced Concrete Arch 
Culvert, Storm Drain, and Sewer Pipe” for arch pipe or ASTM C507 
“Standard Specification for Reinforced Concrete Elliptical Culvert, Storm 
Drain, and Sewer Pipe” for elliptical pipe.  All pipe shall be machine made 
or cast by a process which will provide for uniform placement of the 
concrete in the form and compaction by mechanical devices which will 
assure a dense concrete.  Concrete shall be mixed in a central batch plant 
or other approved batching facility from which the quality and uniformity of 
the concrete can be assured.  Transit mixed concrete will not be 
acceptable for use in precast concrete pipe. 

 
In the manufacture of concrete pipe, the supplier has the option of using 
portland cement or portland cement plus fly ash, as defined herein.  
Cement plus fly ash shall be composed of portland cement and 20-30 
percent fly ash, by weight.  Fly ash shall be Class C or Class F, 
conforming to the requirements of ASTM C618 "Standard Specification for 
Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete.” 

  
Joint seal shall be a rubber gasket meeting the requirements of ASTM 
C443 “Standard Specification for Joints for Concrete Pipe and Manholes, 
Using Rubber Gaskets.”  The rubber gasket shall be applied using 
lubricants of flax soap or equal.  Mineral lubricants are not permitted. 

 
Rubber gasket substitution shall not be permitted without written approval 
from the Design Engineer. 

 
460.3 Submittals.  Submit certification from the fabricator that the pipe has been 

tested and meets the requirements of this Item.  The joint material data 
sheets shall be submitted for approval, by the Design Engineer. 

 
460.4 Installation.  Unless otherwise specified, the following method shall 

govern: 
 

Jointing Rubber Gasket Pipe: 
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Lay pipe section in trench to true alignment and grade.  Exceptional care 
shall be taken in placing pipe and making field joints. Avoid bumping the 
pipe in the trench.  Place rubber gasket on dry spigot end of pipe.  
Properly lubricate spigot, with rubber gasket in place, with specified 
lubricants. Do not twist, roll, cut, crimp or otherwise injure gaskets or force 
them out of position during closure of joints. Pull or push the pipe home 
for closure of the joint. Correct joint rebound before backfilling the pipe. 
Remove foreign matter or dirt from pipe and keep clean during and after 
laying. 

 
Install reinforced concrete pipe in accordance with Item 430 “Construction 
of Underground Utilities”, and all related drawings/plans. 

 
Unless otherwise shown on the plans, not more than two holes may be 
placed in the top section of the pipe for lifting and placing.  The holes may 
be cast, cut, or drilled in the wall of the pipe.  The holes shall not exceed 3 
inches in diameter at the inside surface of the pipe wall.  Not more than 
one longitudinal wire or two circumferential wires may be cut per layer of 
reinforcing steel when locating lift holes in the pipe wall.   

 
All lifting holes shall be sealed to the satisfaction of the Engineer.  
Tapered lifting plugs shall be used, and sealed externally and internally 
with an acceptable cement grout.  Additionally, lifting plugs shall not 
protrude from the pipe greater than one-half of an inch. 

 
460.5 Quality Assurance.  Concrete pipe 54 inches and smaller in diameter shall 

be tested in accordance with ASTM C497 “Standard Test Methods for 
Concrete Pipe, Manhole Sections, or Tile” using the method outlined by 
Part 4. "External Load Crushing Strength Test by the Three-Edge Bearing 
Method".  The pipe shall be tested at a frequency of three pipe joints for 
each 100 joints cast, for each pipe size. 

 
Concrete pipe 60 inches and larger shall also be tested in accordance 
with ASTM C497 using the method outlined by Part 6. "Core Strength 
Test".  However, where the manufacture of the pipe is witnessed by the 
Engineer, tests using concrete cylinders in accordance with ASTM C39 
"Standard Test Method for Compressive Strength of Cylindrical Concrete 
Specimens", shall be acceptable.  All test specimens and testing shall be 
done by the producer of the concrete pipe. 

 
Pipe previously approved and stamped by a Texas Department of 
Transportation (TxDOT) approved fabricator with specific stamp, which 
must state: “Certifies Specification Compliance” (i.e. compliance with 
TxDOT’s DMS - 7310 “Reinforced Concrete Pipe and Machine-Made 
Precast Concrete Box Culvert Fabrication and Plant Qualification” 
requirements) will be accepted by all laboratories and by Harris County. 
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For pipes that are stamped by the fabricator as stated above, copies of 
test results (D-loads and compressive strengths) shall be submitted to the 
Engineer.  
 
Random Inspection and Testing.  Harris County reserves the right to 
inspect, sample, and test reinforced concrete pipe at any time to ensure 
compliance with this Item.  The pipe manufacturing plant shall provide 
facilities, equipment, and access to allow for inspection regarding: the 
quality of materials, the process for manufacturing, and the finished pipe 
at the plant; in addition to the inspection that is done of the finished pipe 
at the site before and during the installation. 

 
460.6 Acceptance Requirements.  Variations in diameter, size, shape, wall 

thickness, reinforcement placing, laying length, and permissible underrun 
of length shall be in accordance with the applicable ASTM Standard for 
each type of pipe as referred in Section 460.2. 

 
Pipe shall be free from fractures, all cracks and surface roughness.  The 
ends of the pipe shall be normal to the walls and centerline of the pipe.  
Pipe shall be cured in accordance with the applicable ASTM Standard for 
each type of pipe as referred to herein. 

 
The following information shall be clearly marked on each section of pipe: 

 
A. The class and ASTM or D-Load of pipe. 

 
B. The date of manufacture. 

 
C. The name or trademark of the manufacturer and plant location. 

 
D. Designated manufacturer’s certifying stamp. 

 
E. One end of each elliptical section of pipe shall be clearly marked on 

the inside and outside to show the location of the top and bottom of 
pipe. 

 
F. Clearly mark pipe to be used for jacking and boring (when 

applicable). 
 

G. Pipe meeting sulfate-resistant concrete plan requirements (when 
applicable). 

 
Marking shall be indented on the pipe section or painted thereon with 
waterproof paint. 
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Pipe shall be subject to rejection for failure to conform to any of the 
specification requirements.  Individual sections of the pipe may be 
rejected because of any of the following: 

 
A. Fractures or cracks passing through the shell/wall of pipe with 

exception of a single crack that does not exceed the depth of the 
joint. 

 
B. Defects that indicate imperfect proportioning, mixing and molding. 

 
C. Surface defects indicating honeycombed or open texture. 

 
D. Damaged ends, when such damage would prevent making a 

satisfactory joint. 
 

E. Any continuous crack having a surface width of 0.01 inch or more 
and extending for a length of 12 inches or more. 

 
The painting of pipe shall not be allowed prior to delivery on the project. 

 
460.7 Measurement & Payment.  Gravity pipelines (R.C.P.) shall be measured 

by the linear foot of pipe actually laid, at finished grade, along pipe of size 
and at depth installed, in accordance with Item 430 “Construction of 
Underground Utilities”.  Measure depth at manholes, at intervals not to 
exceed 50 feet between manholes, and at breaks in profile of natural 
ground from flow line of pipe to natural ground surface over center of pipe.  
Payment for gravity pipeline, furnished, installed and measured as stated 
shall be at the contract unit price bid for the size, type, (and depth, if 
shown on the proposal) measured under their respective bid line codes. 

 
If the depth of cut is not shown on the proposal, no consideration shall be 
made for depth at which the pipe is installed.   

 
Pipe installed by tunneling shall be paid for in accordance with Item 431 
“Jacking, Boring and Tunneling Pipe” or Item 432 “Tunnel Construction”. 

 
No separate payment shall be made for ordinary bedding and select 
backfill, unless so indicated on the bid form. 

 
No separate payment shall be made for hauling and storing suitable 
excavated trench material for other uses or for disposal of excess or 
unsuitable materials. 
 

 No separate payment shall be made for any bedding and backfill installed 
in accordance with these Standard Specifications and the drawings.  

 



Item 460       FOR PROJECTS INITIATED 
Page -5-       AFTER SEPTEMBER 1, 2017 
        REVISION 10 

 

                   Well Pointing shall be measured and paid for in accordance with the Item 
436 “Well Pointing.” 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications 
 

Item 430 “Construction of Underground Utilities” 
Item 431 “Jacking, Boring or Tunneling Pipe” 
Item 432 “Tunnel Construction” 
Item 436 “Well Pointing” 

 

END OF ITEM 460 
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ITEM 471 
 

PRECAST CONCRETE MANHOLES AND JUNCTION BOXES 
 
 
471.1 Description.  This Item shall govern for the manufacture and construction 

of precast concrete manholes, including the materials used therein and 
the furnishing of frames, grade rings and covers.   

 
471.2 Design Loads.  Design loads shall consist of dead load, live load, impact 

and in addition loads due to water table and any other loads which may be 
imposed on the structure.  Manholes and junction boxes shall be designed 
in accordance with the AASHTO LRFD Bridge Design Specifications, 
Latest Edition. 

 
471.3 Materials.  Reinforcing steel shall conform to the Item 440 "Reinforcing 

Steel" and concrete shall conform to the Item 421 "Structural Concrete".  
The concrete mix shall contain sufficient cementitious material to produce 
a minimum compressive strength of 4,000 psi in 28 days. 

 
Cement mortar shall conform to ASTM C270 “Standard Specification for 
Mortar for Unit Masonry”, Type M.  Aggregate for mortar shall conform to 
ASTM C144 “Standard Specification for Aggregate for Masonry Mortar.” 

 
Cast iron shall conform to ASTM A48 “Standard Specification for Gray 
Iron Castings”, Class 35B - Cast iron manhole frames and covers shall be 
heavy duty and shall be manufactured to the dimensions shown on the 
Standard Civil Drawing.  As-cast dimensions may vary in accordance with 
AASHTO M306, “Drainage, Sewer, Utility and Related Castings”.  Casting 
shall be free from sand or blow holes and other defects.  Holes in cover 
shall be free from plugs and burrs.  Frames and covers shall have 
machined bearing surfaces and conform to the Standard Civil Drawing. 
 

471.4 Manufacture.  Precast concrete manholes shall be manufactured in 
accordance with ASTM C478, "Standard Specification for Circular Precast 
Reinforced Concrete Manhole Sections." 

 
471.5 Submittals. 
   

Product Data.  For standard or special precast manholes, the Contractor 
shall submit the manufacturer’s product data showing the dimensions, 
location and size of steel reinforcement and certify that the manholes and 
all accessories meet or exceed the applicable requirements listed in this 
Item. The manufacturer shall certify that such products and all 
accessories meet ASTM Specifications. 
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Shop Drawings.  The Contractor shall submit shop drawings for special 
precast manholes for approval by the Engineer prior to fabrication of the 
units.  These drawings shall show complete design installation including 
dimensions, steel reinforcement size/placement as well as supporting 
engineering design calculations. 
 

471.6 Quality Assurance. 
 

Plant Testing.  The Contractor shall notify the Engineer in advance of the 
date and plant location so that an independent testing laboratory can 
monitor the manufacturing of the units. 

 
471.7 Installation.  The Contractor shall prepare a hole large enough to 

accommodate the outside dimensions of the manhole.  Prior to setting, 
the Contractor shall provide a 6 inch thick base of cement stabilized sand, 
per Item 433 “Cement Stabilized Sand Bedding and Backfill Material” 
suitable to receive the manhole, unless otherwise shown on the drawings.  
The base material shall be compacted and graded level at proper 
elevation to receive the manhole in relation to the conduit grade.   

 
Sealants used between the joints of the manhole are to be as 
recommended by the precast manufacturer.  If grout is used, it shall be a 
non-shrink grout.  The grout shall be poured in a water soaked groove and 
filled to the top of the groove in the previously set section.  Grade rings 
where used shall have 1/2 inch thick non-shrink grout coat inside and 
outside, or the grade rings shall be installed with non-shrink grout to 
provide a sealed grade ring area. Alternately, the grade rings may be 
sealed from outside with Infi-Shield Uniband or approved equal. 

 
After the installation of the precast manhole sections to the proper 
elevation, the cast iron manhole frame shall be set in a full mortar bed. 
Alternatively, the Contractor may set precast manhole cover slab in full 
mortar bed and adjust to the required elevation.  Unless otherwise shown 
on the drawings, the top of cast iron frame and cover is to be flush with 
adjacent finished surface or to the elevation established by the Engineer.  
Manhole frame and cover should be located outside of the traffic wheel 
path. 

 
The inverts of the sewer line or several sewer lines entering the manhole 
at or near the flow line elevation of the manhole shall be shaped and 
routed across the floor of the manhole using mortar to obtain the proper 
contour. 

 
Where the main sewer (lowest line) passes straight through the manhole 
or the degrees of deflection of the main sewer is less than 5 degrees, and 
no other line or stub out is shown entering the manhole below the 
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centerline of the main sewer, lay the sewer continuously through the 
manhole.  After the precast manhole sections have been installed above 
the top of the sewer, breakout and remove the top half of the barrel of the 
sewer pipe that was previously laid through the manhole.  Use concrete 
with a 1 inch thick mortar topping and construct the invert as shown in the 
Standard Civil Drawing. 

 
Where the main sewer (lowest line) alignment deflects greater than 5 
degrees at manhole or where another sewer or stub out enters at or below 
the centerline of the main sewer, terminate main sewer pipe, by laying it in 
such a manner that pipe ends flush at the inside of the manhole.  
Construct the invert with concrete and top with 1 inch of mortar.  Shape 
invert for smooth flow across floor of manhole and slope the sides as 
shown to obtain proper contour. 

 
When installing precast square or rectangular manhole structures, 
construct invert channels to provide smooth flow transition waterway with 
no disruption of flow at pipe-manhole connections.  Slope of invert bench 
shall be 1 inch per foot minimum, or 1-1/2 inches per foot maximum.     

 
Before inserting the pipe into the wall opening, apply non-shrink grout on 
the inside curvature of the wall centered at the bottom 25 percent of the 
wall opening of the manhole. 

 
Use non-shrink grout (applied per manufacturers recommendations) to 
attain a water tight seal at the opening of the manhole wall with the pipe.  
For box culverts and arch pipe (all non-circular applications) use non-
shrink grout to ensure a water tight seal.    

 
Stub outs shall be installed, where shown, to the lines and grades.  Use 
one full joint of pipe, of the size indicated, for stub out.  Seal stub out with 
plug.  Install the plug in such a manner as to prevent seepage or leakage 
through stub outs.  The plugs shall be installed so that they may be easily 
removed in the future, without damaging the end of the stub out.  When 
inlet leads, lateral sewer pipe, stub outs and drop connections enter 
manholes, cut off ends of protruding pipe flush with inside of manhole 
wall.  Point up any irregularities with mortar.  

 
Backfill around manholes shall be placed immediately after mortar and 
concrete has set, and in accordance with Item 430 “Construction of 
Underground Utilities.”  Where proposed sewer lines connect to existing 
manholes at grade, reshape invert of existing manhole, so that no 
turbulence is created in the manhole as a result of the connection. 
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471.8 Submittal Required.  Submit certification from the foundry that the frame 
and cover have been tested, inspected and found to meet the 
requirements of this Item and the applicable ASTM Standards. 

 
Submit certification from the manufacturer that the manhole has been 
tested and meets this Item requirements.  Sealants used between the 
joints of the manhole are to be as recommended by the precast 
manufacturer, and approved by the Engineer. 

  
471.9 Marking.  Each individual casting shall be identified by the foundry 

showing the following: 
 

A. Name of producing foundry. 
 

B. AASHTO or ASTM number. 
 

C. Class by a number followed by a letter indicating the minimum 
tensile strength and size of test bar. 
 

D. Casting as required by the drawings. 
 
471.10 Measurement.  Manhole depths shall be measured by the linear foot of 

vertical distance from flow line of manhole to top of manhole casting and 
shall be classified per each manhole TYPE as follows: 

 
A. Shallow manhole - a manhole with depth less than 5 feet. 

 
B. Standard manhole - a manhole with depth equal to or greater than 

5 feet and/or less than or equal to 10 feet. 
 

C. Extra depth manhole - a manhole with a depth greater than 10 feet. 
                     
471.11 Payment.  Payment for complete precast concrete manholes, as shown 

on the plans, will be made at the unit price bid per each TYPE of manhole 
at various depths, complete in place.  Payment, as provided, shall be full 
compensation for furnishing all reinforcing steel, concrete, jointing, grade 
rings, frames and covers, cement stabilized sand, non-shrink grout, and 
all other materials, including bedding, tools, equipment, and incidentals 
required to complete the installation. 

 
 

There are line code(s), description(s) and unit(s) for this Item. 

 
NOTE:  This Item requires Standard Civil Drawings that shall be 

incorporated into the contract documents. 
 

NOTE:  This Item requires other Standard Specifications. 
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Item 430 “Construction of Underground Utilities” 

Item 433 “Cement Stabilized Sand Bedding and Backfill Material” 
 

END OF ITEM 471 
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ITEM 472 
 

INLETS 
 
 
472.1 Description.  This Item shall govern for furnishing and installing inlets of 

the type designated on the plans including but not limited to all frames, 
plates, grates and covers. 

 
472.2 Materials.  Reinforcing steel shall conform to the Item 440 "Reinforcing 

Steel".  Concrete shall conform to the Item 421 "Structural Concrete".  
Precast concrete inlets shall be manufactured in accordance with the Item 
420 "Concrete Structures". 

 
Cement mortar shall conform to ASTM C270 “Standard Specification for 
Mortar for Unit Masonry”, Type M. Aggregate for mortar shall conform to 
ASTM C144 “Standard Specification for Aggregate for Masonry Mortar.” 

 
Cast iron for frames, plates, covers, I-beams and grates shall be in 
accordance with ASTM A48 “Standard Specification for Gray Iron 
Castings”, Class 30 and shall be free from sand, blow holes or other 
defects.  Frames, plates, grates and covers shall have machined bearing 
surfaces and conform to the Standard Civil Drawings. 
 

472.3 Construction.  All sections of the inlets will be constructed of reinforced 
concrete.                   

                      
Prior to setting and/or casting of the inlet, the Contractor shall provide a 
base/bedding of 6 inch thick cement stabilized sand. 

                   
After construction/installation of the inlet, backfill with a minimum 
thickness of 12 inches of cement stabilized sand that completely 
circumvents the outside wall of the inlet, up to the elevation of the 
pavement. Then complete the backfill of the excavated hole, with material 
that’s in accordance with Item 430 “Construction of Underground Utilities”. 

 
Inlets that are constructed/installed  adjacent to and flush to the elevation 
of concrete pavement shall be constructed with a minimum 3/4 inch 
expansion joint material, that is in accordance with Item 360 “Concrete 
Pavement”. 

  
Use non-shrink grout (applied per manufacturers recommendation) to 
attain a water tight seal at the wall opening of the inlet with the pipe. 

 
For box culvert and arch pipe (all non-circular applications) connections, 
use non-shrink grout to ensure a water tight seal. 

 



Item 472       FOR PROJECTS INITIATED 
Page -2-       AFTER MAY 1, 2014 
        REVISION 10 

 

Neatly cut off inlet leads at inside face of inlet wall and point up with 
mortar.  Shape floor with mortar as shown on the applicable Standard 
Civil Drawings for inlets.   

 
472.4 Measurement.  Measure depth of inlets as the vertical distance from the 

flow line of inlet lead to the top of curb or top of grate.   
 

For inlets constructed with 24 inch leads, the standard depth is 6 feet 
deep. 

 
Any portion of the inlet exceeding the above depth is to be measured per 
vertical foot of depth. 

 
472.5 Payment. 
 

A. Payment for Standard Type Inlets. 
Payment for inlets with a standard depth shall be made at the 
contract unit price for each individual standard type inlet (includes 
non-shrink grout, cement stabilized sand backfill, & expansion joint 
material). 

 
B. Payment for Inlets with an Additional Depth Greater Than 6 Feet. 

When the depth of the inlet specified is greater than the standard 
depth by more than 6 feet, payment shall be at the contract unit 
price for each individual inlet (includes non-shrink grout, cement 
stabilized sand backfill, & expansion joint material) as follows:  

   
“Type B Inlet with an Additional Depth Greater than 6 Feet” 
“Type B-B Inlet with an Additional Depth Greater than 6 Feet” 
“Type C Inlet with an Additional Depth Greater than 6 Feet” 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE:  This Item requires Standard Civil Drawings that shall be 
incorporated into the contract documents. 

  

NOTE:  This Item requires other Standard Specifications. 
 

Item 360 “Concrete Pavement” 
Item 420 "Concrete Structures” 
Item 421 "Structural Concrete" 
Item 430 “Construction of Underground Utilities” 
Item 440 “Reinforcing Steel” 

 
END OF ITEM 472 
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ITEM 473 
 

ADJUSTING MANHOLES AND INLETS 
 
 
473.1 Description.  This Item shall govern for the furnishing of materials and for 

adjusting, abandoning or capping existing sewer manholes, inlets, or 
cleanouts where required by the plans.   Manholes and inlets shall be 
adjusted to positions and/or elevations as shown on the plans or as 
ordered by the Engineer and in accordance with these Standard 
Specifications.  Subject to the approval of the Engineer, pre-fabricated 
steel extension rings may be furnished for the adjustment of manholes. 

 
473.2 Materials.  Manholes or inlet rings, plates, grates and covers and brick in 

good condition, removed from the manholes and inlets in the process of 
abandonment, capping or adjustment, may be reused.  Additional 
materials required shall conform to the pertinent provisions for those 
materials of the ASTM C55 “Standard Specification for Concrete Building 
Brick”, Item 471 “Precast Concrete Manholes and Junction Boxes” or the 
Item 472 "Inlets".  When prefabricated, steel rings are furnished, the 
material shall conform to ASTM A36, “Standard Specification for Carbon 
Structural Steel.”  

 
473.3 Construction.  Manholes or inlet rings, covers, plates, and grates shall be 

removed carefully and the contact areas shall be cleaned of all mortar and 
grease.  Rings, covers, plates or grates broken in the process of removal 
and cleaning shall be replaced in kind, by the Contractor, at his expense. 

 
When prefabricated steel extension rings are furnished, they shall be 
either of the one-piece or two-piece type, as necessary, for the amount of 
adjustment.  They shall be installed in accordance with the manufacturer's 
instructions. 

 
If the adjustment involves lowering the top of the manhole or inlet, a 
sufficient depth of concrete or brick courses shall be removed to permit 
reconstruction on a batter not exceeding 1 inch horizontal to 2 inches 
vertical.  In the case of brickwork, the mortar shall be cleaned from the top 
course of brick remaining in place and from all brick to be re-used and the 
manhole or inlet rebuilt to the original top dimensions.  The manhole or 
inlet ring, cover, plate, or grate shall then be installed with the top 
conforming to the proposed new surface of street or grading as the case 
may be. 

 
If the adjustment involves raising the elevation of the top of manhole or 
inlet, the top course of brick shall be cleaned of mortar and built up 
vertically to the new elevation using new brick, brick salvaged from other 
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manhole or inlet adjustments, or Class "A" concrete, and the ring, cover, 
plate or grate installed with top conforming to the proposed new surface of 
street or grading as the case may be. Grade rings where used shall have 
1/2” thick cement mortar coat inside and outside or the grade rings shall 
be installed with grout or mastic joint compound e.g. Flex-Seal Utility 
Sealant or approved equal, to provide a sealed grade ring area. 
Alternately, the grade rings may be sealed from outside with Infi-Shield 
Uniband or approved equal. 

 
If abandonment of an inlet or manhole is required, it shall be removed to 
an elevation a minimum of one foot below subgrade elevation, or as 
otherwise indicated on the plans and capped or backfilled from the flow 
line to subgrade with special sewer backfill. 

 
Excavation and backfill shall conform to the Item 430 "Construction of 
Underground Utilities". 

 
473.4 Measurement.  Manholes or inlets completely adjusted, abandoned, or 

capped as prescribed above, will be measured by the unit of each 
manhole or inlet adjusted.   

 
473.5 Payment.  Each manhole or inlet adjusted, measured as prescribed 

above, complete in accordance with these Standard Specifications, will be 
paid for at the unit price bid for "Adjusting Manholes", or "Adjusting Inlets", 
as the case may be, which price shall be full compensation for furnishing 
all required materials, including backfill as required, excavation, tools, 
labor, equipment and incidentals required to complete the work. 

 
  

There are line code(s), description(s) and unit(s) for this Item. 
    

NOTE: This Item requires other Standard Specifications 
 

Item 430 "Construction of Underground Utilities" 
Item 471 “Precast Concrete Manholes and Junction Boxes” 
Item 472 “Inlets” 

 
END OF ITEM 473 
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REVISION 8 

 

ITEM 530 
 

CONCRETE CURB, CONCRETE CURB & GUTTER, 
SIDEWALKS AND DRIVEWAYS 

 
 
530.1 Description.  This Item shall govern for curb, monolithic curb and gutter, 

sidewalks and/or driveways, with or without reinforcing steel, composed of 
portland cement concrete constructed on approved subgrade, foundation 
material, or finished surface in accordance with the lines and grades 
established by the Engineer and in conformance with the details shown on 
the plans.  ADA compliance is required for sidewalks and ramps. 

 
As used in this Item the word "curb" refers to standard 6 inch, doweled, 
and mountable concrete curbs, and monolithic curb and gutter. 

 
530.2 Materials.  Concrete used in conventionally formed construction shall be 

minimum Class D2 concrete, meeting the requirements of Item 421 
“Structural Concrete”.  Concrete for extruded construction shall also be 
minimum Class D2.  

 
Cement mortar shall conform to ASTM C270 “Standard Specification for 
Mortar for Unit Masonry”, Type M. Aggregate for mortar shall conform to 
ASTM C144 “Standard Specification for Aggregate for Masonry Mortar.” 
 
In construction of concrete curb, concrete curb and gutter, sidewalks and 
driveways, the Contractor has the option of using portland cement or 
portland cement plus fly ash, as defined herein.  Cement plus fly ash shall 
be composed of portland cement and 20-30 percent fly ash, by weight.  
Fly ash shall be Class C or Class F, conforming to the requirements of 
ASTM C618 “Standard Specification for Coal Fly Ash and Raw or 
Calcined Natural Pozzolan for Use in Concrete.” 
 
Reinforcing steel shall conform to the requirements of Item 440 
"Reinforcing Steel". 

 
Membrane curing materials shall meet the requirements of the Item 526 
"Membrane Curing". 
 
Bank sand, used as bedding material for concrete sidewalks, shall meet 
the requirements of Item 402 “Bank Sand Backfill”. 

 
530.3 Construction Methods.  Any required excavation and backfill shall be 

completed in accordance with Item 400 “Structural Excavation and 
Backfill”, except for measurement and payment, and/or in accordance with 
Item 110 “Roadway Excavation” and Item 132 “Embankment”. 
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For conventionally formed concrete, the subgrade, foundation, or 
pavement surface shall be shaped to the line, grade and cross-section 
and if considered necessary by the Engineer, hand tamped and sprinkled.  
If dry, the subgrade or foundation material shall be sprinkled lightly 
immediately before concrete is deposited thereon. 

 
Outside forms shall be of wood or metal, of a section satisfactory to the 
Engineer, straight, free of warp and of a depth equal to the depth 
required.  They shall be securely staked to line and grade, and maintained 
in a true position during the depositing of concrete.  Inside forms for curbs 
shall be of approved material, shall be of such design as to provide the 
curb required and shall be rigidly attached to the outside forms. 

 
The reinforcing steel and/or dowels, if required, shall be placed in the 
position shown by the plans.  Care shall be exercised to keep all steel in 
its proper location. 
 
After the concrete has been struck off and after it has become sufficiently 
set, the exposed surfaces shall be thoroughly worked with a wooden float.  
The exposed edges shall be rounded by the use of an edging tool to the 
radius indicated on the plans.  Unless otherwise specified on the plans, 
when the concrete has become sufficiently set, the inside form for curbs 
shall be carefully removed and the surface shall be plastered with a 
mortar consisting of one part of portland cement and two parts of fine 
aggregate.  The mortar shall be applied with a template made to conform 
to the dimensions as shown on the plans.  All exposed surfaces shall be 
brushed to a smooth and uniform surface. 

 
Sidewalks shall be constructed in sections of the lengths shown on the 
plans.  Unless otherwise provided by the plans, no section shall be of a 
length less than 8 feet and any section less than 8 feet shall be removed 
by the Contractor at his own expense.  The different sections shall be 
separated by a premolded or board joint of the thickness shown on the 
plans, placed vertically and at right angles to the longitudinal axis of the 
sidewalk.  Where the sidewalks or driveways abut a curb or retaining wall, 
approved expansion material shall be placed along their entire length.  
Similar expansion material shall be placed around all obstructions 
protruding through sidewalks or driveways.  Sidewalks shall be marked 
into separate sections, each 4 feet in length, by the use of approved 
jointing tools.  The reinforced concrete sidewalk shall be placed on a 
bedding material of bank sand, at a minimum of 2” thick. 

 
Curbs, gutters and curb and gutters shall be placed in sections of 80 foot 
maximum length unless otherwise shown on the plans.  Joints shall be 
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constructed at such locations and of the type as directed and specified on 
the plans. 

 
All concrete placed under this Item shall contain 4 percent ± 1-1/2 percent 
entrained air.  The completed work shall be cured for a period of not less 
than 72 hours in accordance with the requirements of the Item 526 
"Membrane Curing". Color of concrete shall be in accordance with Item 
531 "Coloring Concrete for ADA Ramps". 
 
Extruded Concrete Curbs: 
For extruded concrete construction, the concrete shall be placed by an 
extrusion machine approved by the Engineer.  When placement is directly 
on subgrade or foundation materials the foundation shall be hand-tamped 
and sprinkled if considered necessary by the Engineer.  If the concrete is 
placed directly on the surface material or pavement, such surface shall be 
thoroughly cleaned.  If required by plan details, the cleaned surface shall 
then be coated with an approved or other coating as specified at the rate 
of application per vendor recommendations. 

 
The horizontal alignment shall be maintained from a “guide” line set by the 
Contractor.  The alignment shall strictly conform to the details shown on 
the plans.  The forming tube of the extrusion machine shall be readily 
adjustable vertically, during the forward motion of the machine to provide 
variable heights necessary to conform to the established grade line.  To 
provide a continuous check on the grade, a pointer or gauge shall be 
attached to the machine in such a manner that a comparison can be 
made between the extruded work and the grade line.  Other methods may 
be used if approved by the Engineer. 

 
The mix shall be fed into the machine in such a manner and at such 
consistency that the finished work will present a well compacted mass 
with a surface free from voids and honeycomb and true to the established 
shape, line and grade. 

 
Any additional surface finishing specified and/or required, shall be 
performed immediately after extrusion.  Joints shall be constructed at 
such location as directed by the Engineer and to the details shown on the 
plans. 

 
 All concrete placed under this item shall contain 4 percent ± 1-1/2 percent 

entrained air.  The completed work shall be cured for a period of not less 
than 72 hours in accordance with the requirements of the Item 526, 
"Membrane Curing". 

 
530.4 Measurement.  Work and accepted material as prescribed by this Item for 

concrete curb, will be measured by the linear foot, complete in place. 
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Work and accepted material as prescribed by this Item for concrete 
sidewalks shall be measured by the square yard of surface area, 
complete in place including bank sand bedding material, as indicated on 
the plans. 
 
Work and accepted material as prescribed by this Item for ADA curb 
ramps shall be measured by units of each, or square yard of surface area 
at specified depth, complete in place.  When required, the Contractor’s 
coordination of a TDLR inspection shall be an integral part of each ADA 
compliant sidewalk construction site. 

 
Work and accepted material as prescribed by this Item for concrete 
driveways, shall be measured by the square yard of surface area, at 
specified depth complete in place. 

 
530.5 Payment.  The work performed and the materials furnished as prescribed 

by this Item and measured as provided under measurement will be paid 
for at the unit price bid for: 

 
A. "Concrete Curb" of the type indicated on the plans 

 
B. "Concrete Sidewalks" of the width, and type indicated on the plans. 

 
C. “ADA Curb Ramps” 

 
D. "Concrete Driveways" 
 
The price for each item shall be full compensation for: 
 
A. Cleaning and coating the base 

 
B. Furnishing and applying all water, mortar, adhesives or other 

material, including reinforcing steel and dowel bars, if required 
 

C. For furnishing, loading and unloading, storing, hauling and handling 
all ingredients, including all freight and royalty involved 

 
D. For mixing, placing, finishing, sawing, cleaning and sealing joints and 

curing all concrete 
 

E. For furnishing all materials for sealing joints and placing joints and 
joint filler material in proper position 

 
F. For all manipulations, labor, equipment, appliances, tools, traffic 

provisions and incidentals necessary to complete the work. 
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There are line code(s), description(s), and unit( s) for this Item. 
 
NOTE:  This Item requires Standard Civil Drawings that shall be 

incorporated into the contract documents. 
 

NOTE:  This Item requires other Standard Specifications. 
 
Item 110 “Roadway Excavation”  
Item 132 “Embankment” 
Item 360 “Concrete Pavement” 
Item 400 “Structural Excavation and Backfill” 
Item 402 “Bank Sand Backfill” 
Item 440 "Reinforcing Steel" 
Item 526 "Membrane Curing" 
Item 531 "Coloring Concrete for ADA Ramps" 

 
END OF ITEM 530 
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ITEM 535 
 

MEDIANS AND DIRECTIONAL ISLANDS 
 
 
535.1 Description.  This Item shall govern for cast-in-place concrete medians 

and/or concrete directional islands, constructed in conformity with the lines 
and grades established by the Engineer, and to the details shown on the 
plans and in accordance with these Standard Specifications. 

 
535.2 Materials.  All concrete and concrete materials shall conform to the 

requirements of Item 421 “Structural Concrete” or Item 360 "Concrete 
Pavement".  Joint materials shall conform to the requirements of the Item 
420 "Concrete Structures".  Reinforcing steel shall conform to the 
requirements of the Item 440 "Reinforcing Steel". 

 
535.3 Construction Methods.  The median and/or directional island shall be 

placed on the prepared foundation to the grade and dimensions specified.  
Forms, where required, shall be of wood or metal, straight, free of warp 
and of a depth equal to the depth of the required section.  They shall be 
securely held in place, true to line and grade, during the concrete placing 
operations.  Reinforcing steel and/or dowels if specified, shall be securely 
held in position. 

 
Concrete shall be placed and cured in accordance with Item 421 
“Structural Concrete” and Item 526 “Membrane Curing”.  Each section 
shall be placed to the dimensions indicated on the plans.  When required 
by the plans, the section shall be separated from adjacent curbs or 
adjoining sections by expansion or construction joints of the type and size 
specified.  When permitted by the Engineer, an extrusion machine may be 
used to form curbs or sections of the median or islands. 

 
After the concrete has been struck off and has set sufficiently, the 
exposed surface shall be thoroughly worked with a wooden float.  
Exposed edges shall be rounded to the required radius by the use of 
edging tools. 

 
Color of concrete shall be in accordance with the Item 536, "Coloring 
Concrete for Median Noses". 

 
Immediately after finishing operations are completed, the surface shall be 
cured in accordance with the Item 526, "Membrane Curing". 

 
535.4 Measurement.  Medians and directional islands will be measured by the 

square yard, complete in place. 
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535.5 Payment.  "Medians and Directional Islands" constructed as prescribed 
above and measured as provided under measurement shall be paid for at 
the contract unit price bid for "Medians and Directional Islands", which 
price shall be full compensation for furnishing, hauling and installing all 
materials; for furnishing and installing reinforcing steel; for furnishing and 
installing joint materials; for curing and for all manipulations, labor, 
equipment, tools and incidentals necessary to complete the work. 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE:  This Item requires other Standard Specifications. 
 

Item 360 "Concrete Pavement" 
Item 420 "Concrete Structures" 
Item 421 “Structural Concrete” 
Item 440 "Reinforcing Steel" 
Item 526 “Membrane Curing” 
Item 536, "Coloring Concrete for Median Noses" 

 
END OF ITEM 535 
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ITEM 536 
 

COLORING CONCRETE FOR MEDIAN NOSES 
 
 
536.1 Description.  This Item shall govern for the coloring of concrete median 

noses, at the locations shown on the plans. 
 
536.2 Materials.  The pigment used for the coloring agent, shall be a crystalline 

pigment known as black magnetic oxide of iron, or ferroso-ferric oxide, or 
an approved equal, made by a process of chemical precipitation so as to 
form a pigment of uniformly small particle size. 

 
536.3 Construction Methods.  Locations to be colored shall be as shown on the 

plans. The specified pigment (coloring agent), shall be applied on the 
newly finished concrete surface as soon as job conditions will permit, but 
in no event later than 2 hours after the concrete is placed.  The pigment 
shall be applied dry, then lightly sprinkled with water and worked into the 
surface of the fresh concrete by wooden floats, steel trowels or other 
approved methods to secure a penetration of 1/8 to 1/4 inch, over the 
entire surface to be colored.  The pigment shall be applied at the rate 
directed by the Engineer, but not less than three nor more than four 
pounds of oxide per fifty square feet of area. 

 
536.4 Measurement and Payment.  Coloring concrete median noses shall be 

paid for at the contract unit price bid per square yard for this Item.  This 
price shall be full compensation for furnishing all materials, equipment and 
labor necessary to complete the work. 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

END OF ITEM 536 
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ITEM 560 
 

MAINTENANCE AND CLEANUP OF THE PROJECT SITE 
 
 
560.1 Description.  This Item shall govern for the maintenance and cleanup of 

the jobsite both during the term of the construction and at the end of 
construction. 

 
560.2 General Requirements.  The Contractor is required to remove from the job 

site and dispose of all trash, excess materials, etc., accumulated as a 
result of and during this work in compliance with current local, State and 
Federal Regulations. 

 
At such time (daily or weekly) as directed by the Engineer, the Contractor 
shall remove any debris, trash or excess material off the site.  He shall 
make every effort to keep the site in a neat, presentable condition, at all 
times. 

 
In addition, at the end of each month, the entire construction site shall be 
generally cleaned and all trash and material over the length of the site 
shall be removed off site to the complete satisfaction of the Engineer. 

 
The Contractor will mow, trim and edge the right-of-way and medians on 
the project for the entire project duration.  The mowing schedule shall be 
as follows: 

 

April – October: Once per month 

November – March: Once every six weeks 

 
After the construction work has been completed, the Contractor shall 
remove all debris, trash, excess materials, forms, stakes, empty sacks etc. 
from the site and leave the site with a neat appearance.  All excavation 
shall be backfilled and all excess excavated material shall be disposed of 
off the site of the work. 

 
560.3 Measurement and Payment.  There shall be no separate payment for this 

Item. 
 
 

There are no line code(s), description(s), or unit(s) for this Item. 
 

END OF ITEM 560 
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ITEM 562 
 

PREPARING THE RIGHT-OF-WAY 
 
 
562.1 Description.  This Item shall govern for the removal of all obstructions and 

objectionable material from the right-of-way and designated easements, 
so as to prepare the right-of-way for construction. 

 
Included under this Item is the removal of trees, shrubs, other landscaping 
features not designated for preservation, stumps, fences, brush, logs, curb 
and gutter, driveways, pavement and paved parking areas, miscellaneous 
stone, brick, concrete, sidewalks, drainage structures, manholes, inlets, 
abandoned utilities, scrap iron, rubbish and debris, if within the right-of-
way or designated easements. 

 
It is the duty and responsibility of the Contractor to locate all "live" utility 
facilities, within the right-of-way or designated easements and to protect 
these facilities, except when instructed on the plans to do otherwise. 

 
562.2 Construction Methods.  The removal of all trees, shrubs, stumps, and 

brush shall be in accordance with Item 102 "Clearing and Grubbing".  The 
removal of concrete curb and gutter, concrete driveways, concrete 
pavement and parking areas shall be in accordance with Item 104 
"Removing Old Concrete".  The removal of fences shall be in accordance 
with Item 550 "Existing Fencing and Gates".  The removal of roadway 
signs, mail boxes, traffic signs and light and traffic poles shall be in 
accordance with Item 500 "Remove and Relocate or Dispose of Traffic 
Signs, Mail Boxes and Roadway Signs".  The removal of existing 
underground utilities shall be in accordance with Item 465 "Remove and 
Dispose of Existing Concrete or Metal Pipe".  The removal of concrete 
inlets, boxes and other concrete structures shall be in accordance with 
Item 104 "Removing Old Concrete".  Debris, scrap iron, cans, etc. shall be 
removed in accordance with Item 200 "Stripping". 

 
562.3 Measurement.  Measurement shall be the full width and length of the right-

of-way or designated easement. 
 
562.4 Payment.  Payment will be on a lump sum basis for "Preparing the Right-

of-Way". 
 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications 
 

Item 102 “Clearing and Grubbing” 
Item 104 “Removing Old Concrete” 
Item 200 “Stripping” 
Item 465 “Remove and Dispose of Existing Concrete or Metal Pipe” 
Item 500 “Remove and Relocate or Dispose of Traffic Signs, Mail Boxes 

and Roadway Signs” 
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Item 550 “Existing Fencing and Gates” 
 

END OF ITEM 562 
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ITEM 660 
 

REFLECTORIZED PAVEMENT MARKINGS 
 
 
660.1 Description.  This Item shall govern for furnishing and installing 

reflectorized pavement markings of the types, colors, shapes, sizes, 
widths and thickness shown on the plans. 

 
660.2 Materials.  
 

A. Type I Marking Materials.  Type I markings are thermoplastic type 
materials that require heating to elevated temperatures for 
application.  Type I marking materials shall conform to Texas 
Department of Transportation Materials Specification DMS-8220.  
Each container of Type I marking material shall be clearly marked 
to indicate the color, weight, type of material, manufacturer’s name 
and the lot/batch number. 
 
1. Submittal.  Submit supplier’s certification verifying shelf life 

of Type I thermoplastic material. 
 

B. Type II Marking Materials.  Type II markings are paint-type 
materials that are applied at ambient or slightly elevated 
temperatures.  Type II marking materials shall be in conformance 
with Item 661 “Traffic Paint (Solvent Based) and Item 662 “Glass 
Reflective Spheres for Traffic Paint”. 

 
660.3 Equipment Requirements.  Equipment used to place pavement markings 

shall: 
 

A. Be maintained in satisfactory operating condition. 
 

B. Be considered in satisfactory operating condition if it has an 
average placement rate of 5,000 linear feet per hour of acceptable 
4 inch solid or broken lines over any 5 consecutive working days. 

 
C. Meet or exceed the material handling at elevated temperatures 

requirements of the National Fire Underwriters and the Texas 
Railroad Commission. 

 
D. Be capable of placing a minimum of 40,000 linear feet of 4 inch 

solid or broken markings per working day. 
 

E. Have production capabilities similar to 4 inch marking equipment 
and shall be capable of placing linear markings up to 8 inches in 
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width in a single pass when used for placing markings in widths 
other than 4 inches. 

 
F. Have production capabilities considered satisfactory by the 

Engineer when used to place markings other than solid or broken 
lines. 

 
G. Be capable of placing a center-line and no-passing barrier-line 

configuration consisting of 1 broken line with 2 solid lines at the 
same time to the alignment and spacing shown on the plans.   

 
H. Be capable of placing broken and/or continuous white line from 

both sides. 
 

I. Be capable of placing lines with clean edges and of uniform cross-
section.  All lines shall have a tolerance of ± 1/8 inch per 4 inch 
width. 

 
J. Have an automatic cut-off device with manual operating capabilities 

to provide clean, reasonably square marking ends to the 
satisfaction of the Engineer, and to provide a method of applying 
broken line in an approximate stripe-to-gap ratio of 15 to 25.  The 
length of the stripe shall not be less than 15 feet or more than 15.5 
feet.  The total length of any stripe-gap cycle shall not be less than 
39.5 feet or more than 40.5 feet. 

 
K. Provide continuous mixing and agitation of the pavement marking 

material.  The use of pans, aprons or similar appliances which the 
die overruns will not be permitted for longitudinal striping 
applications. 

 
L. Apply beads by an automatic bead dispenser attached to the 

pavement marking equipment in such a manner that the beads are 
dispensed uniformly and almost instantly upon the marking as the 
marking is being applied to the road surface.  The bead dispenser 
shall have an automatic cut-off control, synchronized with the cut-
off of the pavement marking equipment. 

 
When Type I markings are to be placed, the Contractor shall have a hand-
held thermometer on the project.  The thermometer shall be capable of 
measuring the temperature of the pavement marking material to be 
placed. 

 
660.4 Construction Methods. 
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A. General.  When required by the Engineer, the Contractor and the 
Engineer shall review the sequence of work to be followed and 
estimated progress schedule. 

 
Markings may be placed on roadways either free of traffic or open 
to traffic.  On roadways already open to traffic, the markings shall 
be placed under traffic conditions that exist with a minimum of 
interference to the operation of the facility.  Traffic control shall be 
as shown on the plans or as approved by the Engineer in writing.  
All markings placed under open-traffic conditions shall be protected 
from traffic damage and disfigurement.  On roadways open to 
traffic, with 3 lanes of travel in one direction, all markings shall be 
placed from the outside lanes only, unless otherwise approved in 
writing by the Engineer. 

 
Guides, to mark the lateral location of pavement markings shall be 
established as shown on the plans or as directed by the Engineer.  
The Contractor shall establish the pavement marking guides and 
the Engineer will verify the location of the guides. 

 
Markings shall be placed in proper alignment with the guides.  The 
deviation rate in alignment shall not exceed 1 inch per 200 feet of 
roadway.  The maximum deviation shall not exceed 2 inches nor 
shall any deviation be abrupt. 

 
Markings shall have a uniform cross-section.  The density and 
quality of markings shall be uniform throughout the marking.  The 
applied markings shall have no more than 5 percent, by area, of 
holes or voids, and shall be free of blisters. 

 
Markings, in place on the roadway, shall be reflectorized both 
internally and externally.  Glass beads shall be applied to the 
materials at a uniform rate sufficient to achieve uniform and 
distinctive retroreflective characteristics when observed in 
accordance with TxDOT’s Test Procedure Tex-828-B. 

 
The Contractor’s personnel shall be sufficiently skilled in the work of 
installing pavement markings. 

 
If the Contractor’s placement of the   markings is not in alignment or 
sequence, as shown on the plans or as stated in this Item, shall be 
removed by the Contractor at the Contractor’s expense.  Removal 
shall be in accordance with Item 674 “Removing Pavement Striping 
and Markings” except for measurement and payment.  Guides 
placed on the roadway for alignment purposes shall not establish a 
permanent marking on the roadway. 
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Unless otherwise shown on the plans, pavement markings may be 
applied by any method that will yield markings meeting the 
requirements of this Item. 

 
B. Surface Preparation.  New portland cement concrete surfaces shall 

be cleaned in accordance with Item 669 “Pavement Surface 
Preparation for Markings” to remove curing membrane, dirt, grease, 
loose and/or flaking existing construction markings and other forms 
of contamination. 

 
Older portland cement concrete surfaces and asphaltic surfaces 
that exhibit loose and/or flaking existing markings shall be cleaned 
in accordance with Item 669 “Pavement Surface Preparation for 
Markings”, to remove all loose and flaking markings. 

 
Pavement to which material is to be applied shall be completely 
dry.  Pavement shall be considered dry if, on a sunny day after 
observation for 15 minutes, no condensation occurs on the 
underside of a one (1) foot square piece of clear plastic that has 
been placed on the pavement and weighted on the edges. 

 
C. Application of Type II Markings. 

 
The application of Type II marking materials shall be done only on 
surfaces with a minimum surface temperature of 50 F. 

 
The application rate for Type II marking material shall be:  

 
1. between 15 and 20 gallons per mile of solid 4 inch line and 

 
2. between 30 and 40 gallons per mile for solid 8 inch line  

 
For new surface treatment projects (e.g. one course surface 
treatment, etc.) the application rate shall be: 

 
1. between 25 and 30 gallons per mile of solid 4 inch line and 

 
2. between 40 and 50 gallons per mile for solid 8 inch line. 

 
Pavement marking for new surface treatment projects shall be 
applied in 2 applications each approximately one-half the 
application rates specified in the paragraph above.  The first 
application shall not contain glass beads.  The interval between the 
first and second applications shall be a minimum of 1 hour.   
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In the case of inclement weather, if the Engineer has directed the 
Contractor to apply water-based traffic paint, and the markings are 
damaged by subsequent rain, sleet, hail, etc., the Contractor will be 
paid for the initial placement and the replacement markings.  
However, if the Contractor placed the markings at his option, the 
Contractor is responsible for all costs associated with the 
replacement markings. 

 
D. Application of Type I Markings.  New portland cement concrete 

surfaces shall be further prepared for Type I markings, after 
cleaning, by placing a Type II marking as a sealer in accordance 
with this Item.   

 
Type II markings shall be placed a minimum of 2 and a maximum of 
30 calendar days in advance of placing Type I markings when 
placing Type I markings on: 

      
1. asphaltic surfaces 3 years old or older, or  

 
2. any portland cement concrete.  

 
Type II markings which become dirty due to inclement weather or 
road conditions shall be cleaned by washing, brushing, compressed 
air or other means approved by the Engineer, prior to application of 
Type I markings.  If washing is used, the surface of Type II 
markings shall become thoroughly dry before placing Type I 
markings.  Color, location and configuration of Type II markings 
shall be the same as that of Type I markings. 

 
Type I pavement marking material shall be applied within 
temperature limits recommended by the material manufacturer.  
Type I pavement markings shall be applied only on clean, dry 
pavement having a surface temperature above 50° F.  Pavement 
temperature shall be measured in accordance with TxDOT’s Test 
Procedure Tex-829-B. 

 
When Type I pavement marking is applied by spraying, and 
operations cease for 5 minutes or more, the spray head shall be 
flushed by spraying pavement marking material into a pan or similar 
container until the pavement marking material being sprayed is at 
the proper temperature for application. 

 
Unless otherwise shown on the plans, Type I marking minimum 
thickness shall be 0.060 inches (60 mil) for edgeline markings and 
0.090 inches (90 mil) for stop-bars, legends, symbols, gore and 
center-line/no-passing barrier-line markings, when measured in 
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accordance with TxDOT’s Test Procedure Tex-854-B.  The 
maximum thickness of all Type I markings shall be 0.180 inches 
(180 mil). 

 
The thickness of Type I markings at the time of placement will be 
measured above the plane formed by the pavement surface.  The 
Engineer will supply a device to measure the thickness of the 
applied markings.  The markings shall be of uniform thickness 
throughout their lengths and widths. 

 
660.5 Performance Period for Type I Markings. 
 

Type I pavement markings shall meet all requirements of this Item for a 
minimum of 15 calendar days after installation.  Pavement markings that 
fail to meet all requirements of this Item shall be removed and replaced by 
the Contractor at the Contractor’s expense.  The Contractor shall replace 
all pavement markings failing the requirements of this Item within 30 
calendar days following notification by the Engineer of the failure.  All 
replacement markings shall also meet all requirements of this Item for a 
minimum of 15 calendar days after installation. 

 
660.6 Measurement.  
 

Reflectorized Pavement Markings will be measured by the linear foot, or 
by each for the various words, symbols or shapes, or by any other unit as 
shown on the bid documents. 

 
Where double stripes are placed, each stripe will be measured separately. 

 
Type II pavement markings requiring two applications on new surface 
treatments will be measured as one marking. 

 
Type II pavement marking materials, when used as a sealer for Type I 
markings will be considered incidental to the Type I markings. 

 
660.7 Payment. 
 

The work performed and the materials furnished in accordance with this 
Item and measured as provided under “Measurement” will be paid for at 
the unit price bid for “Reflectorized Pavement Markings” of the various 
types, colors, shapes, sizes, widths, and thickness (Type I markings only) 
specified.  Type II pavement markings used as a sealer for Type I 
markings will be considered incidental to the Type I markings.  This price 
shall be full compensation for furnishing all materials; surface preparation 
for application of pavement markings; and for all other labor, tools, 
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equipment and incidentals necessary to complete the work, except as 
shown below. 

 
Final Work Zone Pavement Markings (paint and beads) which will be used 
as a sealer for Type I pavement markings will be paid for under Item 665. 

 
  

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications  
 

Item 661 “Traffic Paint (Solvent Based)”  
Item 662 “Glass Reflective Spheres for Traffic Paint” 
Item 665 “Work Zone Pavement Markings” 
Item 669 “Pavement Surface Preparation for Markings” 
Item 674 “Removing Pavement Striping and Markings” 

 
END OF ITEM 660 
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ITEM 661 
 

TRAFFIC PAINT (SOLVENT BASED) 
 
 
661.1 Description.  This Item shall govern for the materials, composition, 

manufacture and testing of all traffic paint and related materials as 
covered herein. 

 
661.2 Bidder's and/or Vendor’s Requirements.  All prospective bidders are 

hereby notified that, before any bid is considered, Harris County may 
require the bidder to submit a statement in detail of the facts as to the 
previous experience of the bidder in performing similar or comparable 
work, as to the business and technical organization, financial resources 
and the manufacturing facilities of the bidder which are to be used in 
performing the contemplated work.  Any bid submitted by a firm with 
unsatisfactory facilities, resources, equipment or experience may be 
rejected by Harris County. 

 
661.3 Intent.  The coating design specified has been stipulated by means of 

carefully controlled formulations durability testing methods.  The intent of 
Harris County Engineering Department is to procure coatings which are 
identical in all essential respects to the standards of the Texas 
Department of Transportation (TxDOT); hereafter referred to as 
"Standards".  Paints provided under this Item shall meet all applicable 
requirements of the Environmental Protection Agency. 

 
Specifications, codes and accepted practices not specifically listed in 
these Standard Specifications are not applicable. 

 
When required, the paint manufacturer shall supply Labor Form LSB-
OOOS-4, "Material Safety Data Sheet." 

 
661.4 Conformance of Finished Products.  Coatings shall conform, on a weight 

basis, to the composition requirements of the standard formulae.  No 
section variation from the standard formulae will be permitted except for 
replace of volatiles lost in processing, or those approved by the Engineer.  
The finished coatings shall conform with all requirements stipulated for 
each standard formulae, and shall equal a Wet Standard in characteristics 
such as color, drying, flow, settling, brush ability, can stability, hiding, etc. 

 
Film characteristics such as gloss, hardness, light permanency, adhesion, 
etc., shall also conform.  When testing for such conformity, the coating 
shall be applied and tested under parallel conditions with the Wet 
Standard. 
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The finished product shall be free of skins and foreign materials. 
 
661.5 Mill Tests and Testing.  All paint Contractor’s shall be required to furnish to 

the Engineer a copy of certified Mill test report for all paint to be furnished 
and delivered to Harris County.  Harris County shall have the option of 
performing necessary tests on material purchased directly by Harris 
County, the cost of testing shall be borne by the Contractor and/or 
supplier.  The manufacturer shall be required to reimburse Harris County 
for the cost of storage and/or handling of paint failing to meet specification 
requirements. 

 
Testing shall be in accordance with TxDOT requirements.  Any questions 
should be addressed to the Engineer. 

 
Raw materials and finished products which fail to meet any requirements 
of these Standard Specifications shall be subject to rejection.  Final 
acceptance or rejection shall be based on results of tests on samples of 
raw materials and paint taken during production, and upon tests made on 
finished paints prior to delivery.  Approval of materials, as a result of 
preliminary testing prior to manufacture into finished coatings, shall not be 
binding upon final approval or rejection.  Because of the possibility of 
contamination and volatile losses, it shall be agreed that only the Wet 
Standard, currently in possession of Harris County or the licensed testing 
agencies, shall constitute standards for final comparison involving 
acceptance or rejection.  The judgment of the Engineer shall be final in all 
questions relative to conformance with the provisions of these Standard 
Specifications. 

 
661.6 Manufacturing procedures, except when specified, shall be left to the 

discretion of the Contractor.  It is the responsibility of the manufacturer to 
ascertain that the raw materials and manufacturing procedures he 
proposes to use will produce a product meeting the specification 
requirements. 

 
661.7 Shipment shall be made in suitable, strong, well sealed containers which 

not only meet specifications and Federal requirements, but are also 
sufficiently sturdy to withstand normal handling to which shipments are 
subjected in transit.  FINISHED COATING CONTAINERS AND CASES 
SHALL BE PLAINLY AND SECURELY LABELED WITH THE NAME AND 
THE DESIGNATION OF THE COATING, ORDER NUMBER, 
REQUISITION NUMBER, BATCH NUMBER, DATE OF MANUFACTURE, 
GROSS WEIGHT, AND MANUFACTURER'S NAME.  LABELING SHALL 
BE ON THE SIDES OF CONTAINERS AND CASES.  LABELS MUST BE 
SUFFICIENTLY MOISTURE-RESISTANT TO WITHSTAND OUTDOOR 
STORAGE FOR A MINIMUM OF ONE YEAR.  When the finished product 
is palletized for shipment, the labels shall be to the outside for easy 
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identification.  Once the finished product has been labeled properly, the 
label shall not be modified or changed in any manner without specific 
approval of the Engineer. 

 
Containers shall be filled by weight based on the actual gallon weight of 
the paint at 77 degrees F. 

 
661.8 Raw Materials.  The exact brands and types of raw materials used in the 

Wet Standard are listed for the purpose of facilitating the selection of 
parallel material equal not only in quality and composition but also in 
physical and chemical behavior after being used in the finished product.  
Since evaluation of paint containing questionable materials may require 
sixty days and since meeting delivery schedules is a responsibility of the 
paint manufacturer, he is reminded that he should schedule material 
procurement and paint production to permit him to meet delivery 
commitments.  The final decision as to the equality of materials shall be 
made by Harris County.  After Harris County has agreed to the brand 
names of raw materials proposed by the Contractor, no substitutions will 
be allowed during the manufacture without prior agreement with the 
Engineer. 

 
"The Contractor should be aware that it is his responsibility to select raw 
materials that not only meet the individual raw material specifications but 
will also produce coating conforming to the specific formulae 
requirements." 

 
A. Materials of Foreign Origin:  Because of the limited information 

available on materials manufactured outside the continental limits 
of the United States, the manufacturer is advised to review 
Sections 661.5 and 661.8 of this Item when considering the use of 
materials of foreign origin. 

 
B. Materials Required to Meet Federal and ASTM Specifications:  All 

materials required to meet Federal or ASTM specifications must 
conform to the specifications as shown.  Specifications or 
Amendments of other dates will not supersede. 

 
C. PIGMENTS: 

 
1. White: 

 
a. Titanium Dioxide, shall meet ASTM D476 “Standard 

Classification for Dry Pigmentary Titanium Dioxide 
Products”, Type I or II.  
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b. Lead free Zinc Oxide shall meet ASTM D79 “Standard 
Specification for Zinc Oxide Pigments” either 
American process or French process. 

 
2. Colored:  Titanium Dioxide, Special, Tutile, non-chalking: 

 

Specific Gravity 4.1 + 0.05 

Oil Absorption 18 + 10% 

Moisture 0.5% max. 

Retained on #325 Screen 0.1% max. 

TiO2 95% min. 

Fe2O3 2.0 - 3.0% 

PH 6.5 - 7.0 

Ignition Loss 0.34% max. 

Y (luminosity) 42.5-45.5 

 
3. Medium Chrome Yellow: 

 
Color and Color Characteristics.  The luminance factor of the 
pigment shall be within the limits listed below when tested 
before and after exposure. 

 

 MINIMUM MAXIMUM 

Initial 53 59 

Final 45 - 

 
In addition, the allowable change between the initial and final 
luminance factors shall be not more than 9 units. 

 
The initial X, Y chromaticity color coordinates of the pigment 
shall be within the rectangle defined by the sets of 
coordinates shown below: 

 

X Y 

0.490 0.455 

0.511 0.433 

0.514 0.480 

0.535 0.458 

 
Method of Test:  The pigment shall be tested according to 
TxDOT’s Test Procedure Tex-810-B. 
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Color Standard:  National Bureau of Standards, Chromatic 
Standard No. SCH-30.  The formula of the test enamel using 
the pigment to be tested is as follows: 

 

MATERIAL PARTS BY WEIGHT 

Color Pigment 54.0 

Long Oil Alkyd - 

Resin (1) 31.5 

4% Calcium Drier 0.6 

6% Cobalt Drier 0.3 

Anti-Livering Agent 0.1 

Anti-Skinning Agent 0.2 

Mineral Spirits (2) 13.3 (3) 

 
a. Alkyd Resin Solution meeting Federal Specification 

TT-R-266D, Type 1, Class A, November 17, 1971. 
 

b. Mineral Spirits meeting ASTM D235 “Standard 
Specification for Mineral Spirits”, Type IV. 

 
c. The amount of Mineral Spirits may be varied slightly 

to produce the desired grinding consistency. 
 

Number of coats:  Two 
 

4. Inert: 
 

a. Talc, Paint-Grade Magnesium Silicate shall meet 
ASTM D605 “Standard Specification for Magnesium 
Silicate Pigment (Talc).” 

 
b. Calcium Carbonate: 

 

CaCO3 97.0% min. 

H2O 0.4% max. 

Specific Gravity 2.63 - 2.73 

Wt. retained on #325 Screen 0.75% max. 

 
Color:  Equal to material listed in Standard Formula.  
Substitution in a Standard Formula shall not result in 
a viscosity variation greater than 4 KU. 
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c. Calcined Kaolin (Aluminum Silicate Anhydrous) 

 

 MINIMUM % MAXIMUM % 

A12O3 39.6 44.0 

SiO2 51.0 56.5 

Fe2O3  1.0 

TiO  2.5 

CAO2 + MgO  0.8 

Na2O + K2O  1.2 

Ignition Loss  1.0 

 
In addition, the X-ray diffraction pattern shall match 
the X-ray diffraction pattern specified by the TxDOT. 

 
Materials having color requirements shall be tested 
according to TxDOT’s Test Procedure Tex-810-B. 

 
D. RESINS: 

 
1. Chlorinated Paraffin:  Shall meet Federal Specification MIL-

C-429C, Type I. 
 

2. Acrylic Copolymer Resin  
This material shall be an acrylic copolymer composed of i-
butylmethacylate-diethyl aminoethyl methacylate copolymer 
binder resin.  The characteristics of the acrylic copolymer 
resin shall be as follows: 

 

Specific Gravity, 25C(77) 1.0 

Color, Gardner, 20% by Weight in 
Toluene, Maximum 

1.0 

Acid Number, Maximum 1.0 

Glass Transition Temperature 50°C (122°F) 

Viscosity, 20% by Weight in Toluene, 
Pascal Seconds (Centipoises) 

0.020-0.030 (20-30) 

 
3. Traffic Paint Alkyd Resin Solution: 

 
a. General: 
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Type Pure, drying alkyd 

Oil Length/Type* Medium/Soya, linseed or tall 

Solvent Toluene 

 
No mixture of two or more oils is permitted. 

 
Compatibility – A 1:5 solution 75% Traffic Alkyd Resin 
Solution and Toluene shall be clear and transparent 
and shall show no separation after 24 hours of 
storage in a 3/4 full test tube at 75° to 85° F.  This 
rubber alkyd-solvent solution shall produce a clear 
film upon drying.   

 
b. Solid Resin Basis (based on non-volatile material): 

 

Phthalic Anhydride 33 to 37% 

Oil Acids 48 to 55% 

Acid Number 8.0 max. 

Ash Residue 0.10% max. 

Unsaponifiable Material 2.0% max. 

Iodine Number of Fatty Acids 115 min. 

Refractive Index of Fatty Acids 1.4660 min. 

Tall Oil Alkyd Resin 1.0% max. 

 
c. 45% Resin Solids Basis: 

 
Color: Gardner 1953 Standard – 9 max. 

 
Drying Time:  Reduce the resin to 45% solids with 
Toluene, add (based on the resin solids present) the 
equivalent of 0.06% Cobalt (metal) and 1% Lead 
(metal).  Let the mixture set for 3 hours before testing.  
A 3 mil wet film of this solution shall set-to-touch in 
less than 90 minutes. 

 
d. In addition to the above requirements, the Traffic 

Alkyd Resin Solution shall meet the following Percent 
Transmittance requirements when tested according to 
TxDOT’s Test Procedure Tex-814-B, utilizing methyl 
isobutyl ketone as the primary solvent and methyl 
alcohol as the precipitating agent. 
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% TRANSMITTANCE MINIMUM MAXIMUM 

T 10 70% 

T   

 
Calculate volume in milliliters of precipitating agent as 
follows: 

 
V = 91 * X and V = 1.398 * V 

 
Where: V = volume of precipitating agent required for 

T; 
 

X = grams of alkyd resin solids and 
 

V = additional volume of precipitating agent 
for T. 

 
E. THINNERS: 

 
1. Acetone 

 
2. Toluene 

 
3. Methyl Alcohol meet ASTM D1152 “Standard Specification 

for Methanol (Methyl Alcohol)” 
 

F. ADDITIVES AND CHEMICALS: 
 

1. Driers: Shall pass ASTM D600 “Standard Specification for 
Liquid Paint Driers” 

 
2. Additives listed below must be similar and equal to the 

standard sample submitted to an independent licensed 
testing laboratory by the manufacturer and approved by the 
Engineer prior to the award of contract for coatings in which 
the additive is proposed for use: 
a. Soya Lecithin 

 
This material shall be of suitable quality for use in the 
manufacture of paint. 

 
b. Anti-Skinning Agent 

 
This material shall be an anti-skinning agent suitable 
for use in paints. 
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c. Treated Bentonite Clay: 

 
1. Bentone 34, NL Industries; 

 
2. Claytone 40, Southern Clay Products: 

 
3. Tixogel VP, United Catalyst, Inc. 

 
G. STANDARD FORMULAE: 

 
1.  

WPT - 8f, WHITE PAINT, TRAFFIC POUNDS 

Traffic Alkyd, 75% solids Toluene 
RCI, Beckosol 97-150 

140 

Acrylic Copolymer BR-210 125 

Chlorinated Paraffin, Type 1, Dover, 
Paroil 40E 

30 

Soya Lecithin 6 

Titanium Dioxide, Rutile, DuPont, Ti-
Pure R-900 

150 

Lead Free Zinc Oxide, ASARCO, 
AZO-66 

50 

Talc, WC&D 2664 175 

Calcium Carbonate, J.M. Huber, 
Hubercarp M-4 

275 

Treated Bentonite Clay 5 

Methanol 3 

36% Lead Drier 2 

12% Cobalt Drier 1 

Toluene 35 

Anti-Skinning Agent 3 

Acetone 270 

TOTAL 1,270 

 

Gallon Weight:  0.05 of theoretical gallon weight 
 

Grid: 4 minimum, Particles: 8 maximum (TxDOT’s Test 
Procedure Tex-806-B) 
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Viscosity: 83 to 97 KU 

 
Skinning: No skinning within 48 hours (TxDOT’s Test 
Procedure Tex-811-B) 

 
 
2.  

YPT-8f, YELLOW PAINT, TRAFFIC POUNDS 

Traffic Alkyd, 75% Solids Toluene 
RCI, Becksol 97-150 

140 

Acrylic Copolymer BR-210 125 

Chlorinated Paraffin, Type 1, 1C1 
Occidental, Chloroway 41sw 

30 

Soya Lecithin 6 

Lead Free Zinc Oxide, ASARCO, 
AZO-66 

50 

Titanium Dioxide Special, Rutile, 
Hitox Corp. Hitox 

35 

Medium Chrome Yellow, Cookson, Y-
969-L 

125 

Talc, WC&D 2664 290 

Calcium Carbonate, J.M. Huber, 
Hubercarb M-4 

175 

Treated Bentonite Clay 5 

Methanol 3 

36% Lead Drier 2 

12% Cobalt Drier 1 

Toluene 35 

Anti-Skinning Agent 3 

Acetone 270 

TOTAL 1,295 

 

Gallon Weight:  0.05 lbs. of theoretical gallon weight 
 

Grind: 4 minimum, Particles: 8 maximum (TxDOT’s Test 
Procedure Tex-806-B) 
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Viscosity: 83 to 97 KU 

 
Skinning:  No skinning within 48 hours (TxDOT’s Test 
Procedure Tex-811-B) 

 
661.9 Installation Methods.  All traffic paint applications shall meet the following 

requirements: 
 

A. Traffic paint shall be applied at the rate of one gallon of unthinned 
paint per 105 square feet of surface area. 

 
B. Traffic paint shall be applied with a minimum thickness of 15 mils, 

measured in a wet condition. 
 

C. Paint striping shall be applied and measured to  1/4" of the 
specified widths. 

 
All traffic paint striping not meeting these requirements shall be 
"touched up", removed and/or completely restriped to these 
standards and in accordance with the drawings at no additional 
cost to Harris County, as directed by the Engineer. 

 
Where traffic buttons exist, the paint shall be applied to the 
pavement adjacent to, but not on the buttons or markers, unless 
another method is specified. 

 
Word and symbol markings on pavement shall be in accordance 
with "Pavement Word, Symbol, and Arrow Markings" Section of the 
Latest Edition of the Texas Manual on Uniform Traffic Control 
Devices. 

 
661.10 Testing.  When required, the Contractor shall pay for and provide to Harris 

County, a testing report performed by a local testing laboratory designated 
by the Engineer.  The report shall verify that the raw and finished materials 
to be supplied under this contract meet the requirements of this Item. 

 
661.11 Rejection, materials and finished products which fail to meet any or all 

requirements of these Standard Specifications shall be subject to 
rejection.  All materials and finished products rejected by the Engineer, 
whether in containers or applied to roadway surface shall be removed 
from the jobsite and replaced with materials meeting specifications and 
requirements and all costs of such removal and replacement shall be 
borne by the Contractor. 
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661.12 Measurement and Payment.  Payment for this material and its installation 
shall be in accordance with the conditions prescribed in the contract 
awarded by Harris County and as shown on the bid items, or payment 
shall not be made directly but will be considered subsidiary to the 
furnishing and installation of white or colored traffic paint, as specified. 

 
 

There are no line code(s), description(s), or unit(s) for this Item. 
 

END OF ITEM 661 
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ITEM 663 
 

TRAFFIC BUTTONS AND PAVEMENT MARKERS 
 
 
663.1 Description.  This Item shall govern for furnishing and installing traffic 

buttons and reflectorized pavement markers and jiggle bars at the 
locations and of the type and color designated on the plans. 

 
663.2 Design & Shape 
 

A. Non-reflectorized Traffic Buttons:  The traffic buttons shall be round 
and dome-shaped with a uniform curvature.  Each button shall be 4 

inches 1/8 inch in diameter at the roadway surface and the height 

of the button shall be 11/16 inch 1/16 inch.  The base of the button 
shall not deviate from a flat plane by more than 1/16 inch.  The top 
and sides of the buttons shall be smooth and free from surface 
irregularities, pits, cracks, checks, chipping, discoloration and any 
other defects which adversely affect appearance and application.  
The bottom of the buttons shall be rough-textured, free from gloss, 
glaze or any other substance that may reduce its bond to the 
adhesive. 

 
B. Reflectorized Pavement Markers:  The reflectorized markers shall 

be either round traffic buttons or square pavement markers, as 
shown on plans or designated in special specifications. 

 
1. The round traffic buttons shall be dome-shaped with a flat 

area on the top and an acrylic rod lens reflector(s) inserted in 
a protective ramp and adhered to a recess in the base 
providing mono-directional and/or bi-directional reflection.  
Each mono-directional traffic button shall be 4 inches ±1/8 
inch in diameter at the base.  Each bi-directional button shall 

be an oval shape 4 inches 1/8 inch wide by 4-3/4 inches 

1/8 inch long.  Height of the button shall be 3/4 inch 1/16 
inch.  The base of the button shall not deviate from a flat 
plane by more than 1/16 inch.  The reflector lens shall be a 
single acrylic rod reflector, approximately 1-3/4 inches in 
length for each reflector. 

 
The bottom of the buttons shall be rough-textured, free from 
gloss, glaze or any other substance that may reduce its bond 
to the adhesive. 

 
2. The square pavement markers shall have a base width of 4 

inches 1/2 inch and a minimum area exposed to traffic 12.5 
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square inches.  The maximum height shall be 3/4 inch.  The 
maximum slope of the reflective face or faces shall be not 
more than 30 degrees from the horizontal. 

 
The outer surface of the marker shall be smooth and all 
corners and edges exposed to traffic must be rounded. 

 
The button surface of the marker shall not be grooved such 
that air will be trapped in the grooves when it is pressed into 
the epoxy adhesive. 

 
3. The reflectorized pavement markers shall be of the following 

types: 
 

a. Type I-A shall contain one face that reflects amber 
light and the body other than the reflective face shall 
be yellow. 

 
b. Type I-C shall contain one face that reflects white light 

and the body other than the reflective face shall be 
white, silver white or light gray. 

 
c. Type I-R shall contain one face that reflects red light 

and the body other than the reflective face shall be 
white, silver white or light gray. 

 
d. Type II-A-A shall contain two reflective faces each of 

which shall reflect amber light and the body other than 
the reflective faces shall be yellow. 

 
e. Type II-C-C shall contain two reflective faces, each of 

which shall reflect white light and the body other than 
the reflective faces shall be white, silver white or light 
gray. 

 
f. Type II-A-C shall contain two reflective faces one of 

which shall reflect amber light and one of which shall 
reflect white light; the body other than the reflective 
faces shall be white, silver white or light gray or may 
be one-half yellow on the side that reflects amber light 
and one-half white, silver white or light gray on the 
side that reflects white light. 

 
g. Type II-A-R shall contain two reflective faces, one of 

which reflects amber light and one of which reflects 
red light; the body other than the reflective faces shall 
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be one-half yellow on the side which reflects amber 
light and one-half red on the side which reflects red 
light or may be all white, silver white or light gray. 

 
h. Type II-C-R shall contain two reflective faces, one of 

which reflects white light and one of which reflects red 
light; the body other than the reflective faces shall be 
white, silver white or light gray or may be one-half 
white, silver white or light gray on the side that reflects 
white light and one-half red on the side that reflects 
red light. 

 
The reflective faces of the Type II markers shall be located 
so that the direction of reflection from one face shall be 
directly opposite to the direction of reflection of the other 
face. 

 
663.3 Materials.  The traffic buttons, and pavement markers shall be made from 

ceramic, glass or plastic material conforming to this Item and as called for 
by the plans and/or specifications.  All buttons and/or pavement markers 
used on any project shall be of the same material and manufacturer. 

 
Traffic buttons, and pavement markers shall have the following physical 
requirements: 

 
A. Water Absorption:  The water absorption of the button shall not 

exceed 1.0 percent of the original dry weight when tested in 
accordance with ASTM C373 “Standard Test Methods for 
Determination of Water Absorption and Associated Properties by 
Vacuum Method for Pressed Ceramic Tiles and Glass Tiles and 
Boil Method for Extruded Ceramic Tiles and Non-tile Fired Ceramic 
Whiteware Products.” 

 
B. Autoclave Test (does not apply to Plastic Traffic Buttons).  The 

glazed surface of the button shall not craze, spall or peel when 
subjected to one cycle of the Autoclave test at 250 psi (ASTM C424 
“Standard Test Method for Crazing Resistance of Fired Glazed 
Whitewares by Autoclave Treatment”). 

 
C. Strength Requirements:  A random sample of 5 buttons shall be 

subjected to the compressive load test.  The average compressive 
strength of the 5 buttons shall not be less than 1500 pounds and no 
individual button shall have a compressive strength less than 1200 
pounds when tested in accordance with TxDOT’s Test Procedure 
Tex-434-A.  The square pavement markers shall withstand a 200 
lb. falling-ball impact of 5 feet without breaking, cracking, or being 



Item 663       FOR PROJECTS INITIATED 
Page -4-       AFTER MARCH 1, 2012 
        REVISION 4 

 

significantly deformed when tested according to TxDOT’s Test 
Procedure Tex-430-A. 

 
D. Impact Test (applies to Plastic Traffic Buttons only).  The button 

shall not break or crack when subjected to the impact test in 
accordance with TxDOT’s Test Procedure Tex-435-A. 

 
E. Color.  The color of the buttons and pavement markers (base and 

reflector) shall be as designated on the plans, shall be uniform and 
shall be determined by visual comparison with calibrated standards 
having C.I.E. Chromaticity Coordinate limits determined in 
accordance with Federal Methods of Tests TT-T-141, Method 4252 
falling within an area having the following corner points: 

 

COLOR 
1 2 3 4 BRIGHT 

(%MgO) 
Min. x y x y x y x y 

White .290 .316 .310 .296 .330 .321 .310 .342 80 

Yellow .470 .460 .515 .485 .545 .455 .490 .425 40 

 
 

COLOR COMBINATIONS 
 

Base White YellowWhite 

Reflector White AmberRed and/or White 

 
F. Glaze Thickness (applies to Ceramic Traffic Buttons only).  The 

glazed surface shall have a mean thickness not less than 0.005 
inch when measured not closer than 1/4 inch from the edge of the 
button.  The glaze thickness shall be measured on a fractured edge 
of the button to the nearest 0.001 inch by a calibrated scale 
microscope. 

 
G. Hardness (applies to Plastic Traffic Buttons only).  The Shore 

Durometer Hardness (Type D) when determined in accordance with 
ASTM D2240 “Standard Test Method for Rubber Property—
Durometer Hardness”, shall be a minimum of 86 when measured at 

room temperature and a minimum of 83 when measured at 150F. 
 

H. Heat Test.  The buttons and markers shall show no change in 
shape or color when subjected to the requirements of TxDOT’s 

Test Procedure Tex-846-B.  The temperature shall be 140 F with 
the marker in a vertical position. 
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I. Adhesion Requirements.  The buttons and markers shall comply 
with the adhesion requirements of TxDOT’s Test Procedure Tex-
611-J. 

 
663.4 Optical Requirements 
 

A. Definitions.  Horizontal entrance angle shall mean the angle, in a 
plane parallel to the base of the marker, between a line in the 
direction of the incident light and a line perpendicular to the leading 
edge of the reflective surface. 

 
Divergence angle at the reflector shall be between observer's line 
of sight and the direction of the light incident on the marker. 

 
Specific intensity shall mean candlepower of the returned light at 
the chosen divergence and entrance angles for each foot candle of 
incident light per reflective face. 

 
TxDOT’s Test Procedure Tex-842-B will be used to determine 
specific intensity. 

 
B. Optical Performance.  The reflective lens of the traffic buttons and 

markers shall be capable of providing Mono-directional and/or Bi-
Directional Reflection of amber, red or white light as required by the 
plans and/or specifications.  The specific intensity of the reflecting 
surface at 1/5 degree divergence angle shall be not less than the 
following when the incident light is parallel to the base of the button 
or marker: 

 

HORIZONTAL ENTRANCE 
ANGLE, DEGREE 

SPECIFIC INTENSITY 

CRYSTAL AMBER RED 

0 3.0 2.0 0.4 

20 1.5 1.0 0.2 

 
The specific intensity of the button or marker shall be not less than 
80 percent of the above minimum values after being subjected to 
the heat test required above. 

 
663.5 Epoxy Adhesives.  The adhesive used to bond the traffic buttons and 

markers to the roadway surface shall conform to the requirements of the 
Section 663.7. 

 
663.6 Construction Methods.  The traffic buttons, and pavement markers shall 

be placed at locations and spacing indicated on the plans.  The 
reflectorized buttons and markers shall be oriented in such a way that the 
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color of the reflected light is in accordance with the plans or as directed by 
the Engineer. 

 
The portion of the roadway surface to which the marker is attached by the 
adhesive shall be prepared in accordance with Item 669 “Pavement 
Surface Preparation for Markings.” 

 
The wet epoxy adhesive shall be spread on the bonding surface so that 
100 percent of the bonding area of the marker will be covered.  The wet 
adhesive applications shall be of sufficient thickness so that when the 
markers are pressed into adhesive, excess adhesive shall be forced out 
around the entire perimeter of the pavement markers.  All excess 
adhesive shall be removed from the front of the reflective faces, or the 
marker shall be replaced. 

 
When the project is complete the markers shall be firmly bonded to the 
pavement, lines formed by the marker shall be true and the entire 
installation shall present a neat appearance. 

 
663.7 Epoxy Adhesive.  The following is set forth as the requirements for the 

epoxy adhesive to be used to bond traffic buttons, lane markers and other 
devices to concrete paved roadway and bridge surface. 

 
A. General Requirements.  The epoxy adhesive shall be furnished in 

two components, herein referred to as the epoxy resin component 
and the hardener component, the two components to be mixed just 
prior to use. 

 
The epoxy adhesive must be suitable for use when the structure or 
pavement temperature is between 60°F and 120°F and the 
atmospheric temperature is between 60°F and 105°F. 

 
B. Component Properties:  Any pigments, fillers and/or thixotropic 

agents present in either the resin component or the hardener 
component must be sufficiently dispersed that no appreciable 
separation or settling will occur during storage. 

 
The ratio of the resin and hardener components to be mixed 
together to form the finished adhesive shall be specified by the 
manufacturer and the components packaged in the proper 
proportions. 

 
C. Properties of the Mixed Adhesive:  The adhesive mixture shall be of 

such a consistency that it may be applied to the surfaces which are 
to be bonded without difficulty.  The adhesive must be capable of 
wetting the surfaces which are to be bonded so that a good bond 
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will be obtained.  The adhesive must have a minimum resistance to 
flow, or thixotrophy, as specified below. 

 
1. Thixotrophy:  The degree of thixotrophy shall be determined 

as described herein.  (the ambient temperature and the 
temperature of the materials used in this test shall be 75° F)  
The two components of the epoxy adhesive shall be stirred 
together for approximately 5 minutes and then applied to a 
smooth clean steel plate to form a panel of epoxy material 2 
inches wide, 4 inches in length, and 0.10 inch (100 mils) in 
thickness.  A removable form of the proper dimensions may 
be used in placing the epoxy on the steel plate.  The epoxy 
may be poured into the form and the excess struck off level 
with the top edge and then the form removed.  Immediately 
after forming the epoxy adhesive, the steel panel shall be 
placed in a vertical position, the 4 inch dimension of the 
epoxy panel perpendicular to the horizontal.  Not more than 
7 minutes shall elapse between the initiation of mixing and 
the placing of the steel panel in the vertical position. 

 
2. Requirements.  The adhesive must be sufficiently resistant 

to flow that an average thickness of 0.03 inch (30 mils) of 
cured material will remain on the test panel. 

 
D. Physical requirements of the cured adhesive:  The following tests 

shall be performed on the specimens cured for 7 days between 
70°F and 80° F. 

 
1. Adhesive Shear Strength:  Steel to Steel (ASTM D1002 

“Standard Test Method for Apparent Shear Strength of 
Single-Lap-Joint Adhesively Bonded Metal Specimens by 
Tension Loading (Metal-to-Metal)”) - 2000 psi minimum. 

 
The surface of the test specimens used in the adhesive 
shear strength test shall be prepared by blasting to white 
metal.  The blasted surfaces shall be washed with methyl 
ethyl ketone and allowed to dry before applying the 
adhesive.  The test specimens shall have a prepared surface 
of equivalent "anchor pattern" to that which would be 
obtained by abrasive blasting the surfaces to be bonded with 
a gun of 50 to 75 psi using a 1/4 inch diameter nozzle and 
employing Garnet Blasting Abrasive "Gem Blast", 60 mesh 
(No. 45 to No. 74 U.S. Standard Screens), as marketed by 
Clemtex, Incorporated, P.O. Box 15214, Houston, Texas  
77020. 
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2. Cleavage Strength:  Steel to Steel (ASTM D1062 “Standard 
Test Method for Cleavage Strength of Metal-to-Metal 
Adhesive Bonds”) - 800 psi minimum.  Surface preparation 
shall be as outlined in Adhesive Shear Strength.  Water gain 
- 24 hour immersion at 23°C - (ASTM D570 “Standard Test 
Method for Water Absorption of Plastics” Modified) 0.3 
percent by weight maximum. 

 
The given ASTM procedure shall be modified in that the 
specimens shall be prepared by casting disks of the epoxy 
adhesive 2-3/4 inches in diameter and approximately 3/8 
inch thick.  Prior to testing, the plane surfaces of the disks 
shall be ground to machine flat and parallel.  The machining 
or grinding must be done in such a way as to not heat the 
disks above 100°F.  The thickness of the disks after 

preparing the surfaces shall be 0.30  0.02 inch. 
 

3. Impact Strength:  (70°F - 80°F) - Falling Ball Method - 6-1/2 
foot-pounds minimum. 

 
For this test the specimens shall be prepared as outlined in 
Water Gain.  The finished specimens shall be placed on a 
concrete slab and a one pound steel ball dropped onto the 
center of the disks from an initial height of 5 feet.  The height 
shall be increased by 1/2 foot for each successive drop until 
the specimen fails by cracking or shattering.  The height of 
drop at which failure occurs shall be recorded as the impact 
strength in foot pounds.  A minimum of three specimens 
shall be tested and the average reported to the nearest 1/2 
foot pound. 

 
663.8 Adhesive For Asphalt Pavement.  The adhesive used to bond buttons and 

pavement markers to asphalt pavements shall conform to the 
requirements of the Latest Edition of TxDOT’s Material Specification, 
DMS-6130, “Bituminous Adhesive For Pavement Markers”; stipulating that 
only the use of flexible bituminous marker adhesive will be allowed. 

 
663.9 Testing.  When required, by the Engineer, certified test results from an 

approved testing laboratory shall be submitted to Harris County, indicating 
that the traffic buttons and pavement markers have been tested and found 
to meet the requirements as outlined herein. 

 
663.10 Measurement.  Traffic buttons, jiggle bars and pavement markers will be 

measured as each button, jiggle bar or marker complete in place.  
Workzone Pavement Markings installed for temporary use shall be 
measured in accordance with Item 665 “Work Zone Pavement Markings”. 
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663.11 Payment.  Unless otherwise specified, the work performed and material 

furnished as prescribed by this Item measured as provided under 
"Measurement", will be paid for at the unit price bid, which price shall 
include all labor, epoxy adhesive and all other materials and services 
necessary to complete the work. 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications 
 

Item 665 “Work Zone Pavement Markings” 
Item 669 “Pavement Surface Preparation for Markings” 

 
END OF ITEM 663 
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ITEM 665 
 

WORK ZONE PAVEMENT MARKINGS 
 
 

665.1 Description.  This Item shall govern for the placement and maintenance of 
work zone pavement markings of the colors, types and sizes as shown on 
the plans. 

 
665.2 General.  Work zone pavement markings shall consist of short term 

markings and/or standard pavement markings.  All sections of roadways 
to be opened to traffic shall be marked with short term markings or 
standard markings, as shown on the plans, at the end of each day’s 
operation. 

 
Short term markings are required for asphaltic surface treatment projects 
(e.g. one or two course surface treatments, hot or cold-in-place recycling, 
etc.), and may also be used prior to an asphalt recycling project for 
projects located within a floodplain where it is not permissible to raise the 
roadway elevation, so the existing pavement must be milled down before 
a recycling process can be implemented. 

 
Work zone pavement markings are also broken down into two types: 

 
A. removable work zone pavement markings 

  
B. non-removable work zone pavement markings 

 
Removable work zone pavement markings may be any combination of the 
following: 

 
A. raised pavement markers and/or buttons,  

 
B. removable prefabricated pavement marking material,  

 
C. temporary flexible-reflective roadway marker tabs or  

 
D. other materials as approved by the Engineer. 
 
Paint and beads shall not be used for removable markings. Longitudinal 
lines wider than 4 inches may be simulated by the side-by-side placement 
of markers to increase the apparent line width in multiples of 4 inches as 
shown on the Standard Traffic Drawings. 

 
Non-removable work zone pavement markings consist of the following: 
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A. paint and beads. 
 

B. non-removable prefabricated pavement marking material. 
 

Non-removable work zone pavement markings are used when the existing 
section of pavement is to be demolished in the next phase of construction, 
or if they are being placed as a sealer for a subsequent Permanent 
Pavement Marking.  Otherwise, removable work zone pavement markings 
are required.  

 
665.3 Materials.  Materials used for work zone pavement markings shall be: 
 

A. paint and beads, 
  

B. raised pavement markers, 
 

C. prefabricated pavement marking material,  
 

D. temporary flexible-reflective roadway marker tabs or  
 

E. other materials as approved by the Engineer. 
 

Unless otherwise shown on the plans, paint shall be water-based.  Paint 
shall conform to Item 676 “Traffic Paint (Water Based)”.  Beads shall 
conform to Item 662 “Glass Reflective Spheres for Traffic Paint”. 

 
Temporary flexible-reflective roadway marker tabs shall be used as short 
term work zone pavement markings for surface treatments as shown on 
the Standard Civil Drawings. The tabs shall conform to TxDOT’s DMS-
8242, “Temporary Flexible, Reflective Roadway Marker Tabs.” 

 
The Contractor shall be required to use temporary raised pavement 
markers where application of temporary marking is to be on permanent 
pavement surfaces. Raised pavement markers and traffic buttons shall 
conform to the requirements of Item 663 “Traffic Buttons and Pavement 
Markers”. Unless otherwise shown on the plans, raised pavement markers 
will not be allowed for words, symbols, and shapes, diagonal or transverse 
lines. 

 
Unless otherwise shown on the plans, removable work zone pavement 
markings on final pavement surfaces shall be removable tape conforming 
to Item 666 “Prefabricated Pavement Markings”.   

 
665.4 Performance Requirements.  Markings in construction areas shall remain 

in proper alignment and, when dry, shall be distinctly visible from a 
minimum distance of 300 feet in daylight conditions and from a minimum 
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of 160 feet when illuminated by automobile low-beam headlights at night.  
Visibility distances will be determined when viewed from an automobile 
traveling on the roadway. 

 
The daytime color as well as the nighttime reflected color of the markings 
shall be distinctly white or yellow as shown on the plans.  The markings 
shall exhibit uniform retroreflective characteristics. 

 
665.5 Construction Methods. 
 

A. Placement and Maintenance.  The Contractor shall exercise 
diligence in the selection of materials and placement of work zone 
pavement markings.  Work zone pavement markings shall be 
maintained, in accordance with this Item, by the Contractor and at 
the expense of the Contractor to the satisfaction of the Engineer. 

 
Unless otherwise approved in writing by the Engineer, all concrete 
surfaces shall have standard markings in place prior to opening to 
traffic. 

 
All asphaltic surface treatment projects which are to be opened to 
traffic shall be marked with short term pavement markings 
immediately following placement and final rolling of any course.  
Short term pavement markings shall consist of temporary flexible-
reflective roadway marker tabs spaced as shown on the Standard 
Traffic drawings. 

 
Short term pavement markings shall be placed in proper alignment 
with the final location of future standard markings. Any short term 
pavement markings not in alignment with standard markings shall 
be removed by the Contractor at the Contractor’s expense. 

 
Standard pavement markings shall be installed in accordance with 
the TMUTCD and as shown on the plans. Unless otherwise shown 
on the plans, short term markings shall be removed immediately 
prior to placement of standard pavement markings. 

 
Asphalt surface treatments shall be marked in accordance with the 
plans.  Unless otherwise shown on the plans, standard permanent 
pavement markings in accordance with the TMUTCD shall be 
placed not sooner than 3 days nor later than 2 weeks after the 
placement of the surface treatment. 

 
B. Marking Removal.  Work zone pavement markings placed by the 

Contractor that conflict with any succeeding work zone markings 
shall be removed by the Contractor at the Contractor’s expense in 
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accordance with Item 674 “Removing Pavement Striping and 
Markings”, except for measurement and payment. 

 
Remove all temporary markings with minimal damage to the 
roadway to the satisfaction of the Engineer. 

 
665.6 Measurement.  This Item will be measured by the linear foot of standard 

marking or short term marking, by each word, shape or symbol, by each 
temporary flexible-reflective roadway marker tab on surface treatments or 
by any other unit as shown on the plans.  Raised pavement markers used 
to simulate a stripe shall be measured by the linear foot of simulated stripe 
(as shown on the Standard Traffic Drawing) or by each raised pavement 
marker as shown on the plans.  Where double stripes are placed, each 
stripe will be measured separately. 

 
665.7 Payment.  The work performed and materials furnished in accordance with 

this Item and measured as provided under “Measurement” will be paid for 
at the unit price bid for “Work Zone Pavement Markings (Removable)”, 
“Work Zone Pavement Markings (Non-removable)” and “Work Zone 
Pavement Markings (Short Term)” of the width, color and type shown on 
the plans.  This price shall be full compensation for furnishing all materials, 
labor, tools, equipment and incidentals necessary to place, maintain and 
remove, when required, the markings, except as shown below. 

  
Removal of permanent markings will be paid for under Item 674 
“Removing Pavement Striping and Markings”.  

 
  

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications 
 

Item 662 “Glass Reflective Spheres for Traffic Paint” 
Item 663 “Traffic Buttons and Pavement Markers” 
Item 666 “Prefabricated Pavement Markings” 
Item 674 “Removing Pavement Striping and Markings” 
Item 676 “Traffic Paint (Water Based)” 

 
END OF ITEM 665 
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ITEM 666 
 

PREFABRICATED PAVEMENT MARKINGS 
 
 
666.1 Description.  This Item shall govern for furnishing and installing 

prefabricated pavement markings of the types, colors, shapes and sizes 
as shown on the plans. 

 
666.2 Materials.  Prefabricated pavement marking materials shall conform to 

Texas Department of Transportation Material Specification DMS-8240 
“Permanent Prefabricated Pavement Markings.” 

 
Materials shall be stored in a weather-proof enclosure in such a manner to 
prevent damage. 

 
666.3 Sampling.  Sampling will be in accordance with TxDOT’s Test Procedure 

Tex-732-I “Sampling Prefabricated Pavement Marking Materials.” 
 
666.4 Construction Methods. 
 

A. General.  When required by the Engineer, the Contractor and the 
Engineer shall review the sequence of work to be followed and the 
estimated progress schedule.  Waste generated by this work shall 
be removed from the job site before the end of each working day. 

 
Guides to mark the lateral location of pavement markings shall be 
established as shown on the plans or as directed by the Engineer.  
The Contractor shall establish the pavement marking guides and 
the Engineer will verify the location of the guides prior to 
installation. 

 
The pavement markings shall be placed in proper alignment with 
the guides.  The deviation rate in alignment shall not exceed 1 inch 
per 200 feet of roadway.  The maximum deviation shall not exceed 
2 inches nor shall any deviation be abrupt. 

 
B. Seasonal Limitation.  Unless otherwise directed in writing by the 

Engineer, pavement marking materials shall not be placed between 
September 30 and March 1, subject to temperature and moisture 
limitations specified. 

 
C. Dimensions.  Markings shall be in accordance with the color, 

length, width, shape and configuration shown on the plans.  The 
alignment and location shall be as shown on the plans or as 
directed by the Engineer in writing. 
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D. Methods.  All material placement shall be in accordance with the 

material manufacturer’s instructions, unless otherwise directed in 
writing by the Engineer.  In addition to the manufacturer’s 
instructions, material placement shall be in accordance with surface 
condition, moisture and temperature requirements specified by this 
Item. 

 
E. Surface Preparation.  Surface preparation shall be accomplished by 

any cleaning method approved by the Engineer that effectively 
removes contaminants, loose materials and conditions deleterious 
to proper adhesion.  Surface preparation by blast cleaning will not 
be required unless shown on the plans.  When required, blast 
cleaning shall be done in accordance with Item 669 “Pavement 
Surface Preparation for Markings”.  Surfaces shall be further 
prepared after cleaning by sealing or priming, as recommended by 
the manufacturer of the pavement marking materials or as directed 
in writing by the Engineer. 

 
Adhesive, when required, shall be of the type and quality 
recommended by the manufacturer of the pavement marking 
material.  Portland cement concrete pavement surfaces shall not be 
cleaned by grinding. 

 
F. Moisture.  Pavement to which material is to be applied shall be 

completely dry.  Pavements shall be considered dry if, on a sunny 
day after observation for 15 minutes, no condensation occurs on 
the underside of a 1 foot square piece of clear plastic that has been 
placed on the pavement and weighted on the edges. 

 
G. Temperature.  Pavement and ambient air temperature 

requirements recommended by the material manufacturer shall be 
followed.  If no temperature requirements are established by the 
material manufacturer, material shall not be placed if the pavement 
temperature is below 60° F or above 120°F. 

 
666.5 Performance Requirements. 
 

A. Adhesion.  Installed pavement markings shall not lift, shift, smear, 
spread, flow or tear by traffic action. 

 
B. Appearance.  Pavement markings shall present a neat, uniform 

appearance, free of excessive adhesive, ragged edges and 
irregular lines or contours. 
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C. Visibility.  Installed pavement markings shall have uniform and 
distinctive retroreflectance when observed in accordance with 
TxDOT’s Test Procedure Tex-828-B “Determining Functional 
Characteristics of Pavement Markings” 

 
D. Observation Period.  Unless otherwise shown on the plans, 

pavement markings shall meet all requirements of this Item for a 
minimum of 15 calendar days after installation.  Pavement 
markings that fail to meet all requirements of this Item shall be 
removed and replaced at the expense of the Contractor.  The 
Contractor shall replace all pavement markings failing the 
requirements of this Item within 30 working days following 
notification in writing by the Engineer.  All replacement pavement 
markings shall also meet all performance requirements of this Item 
for a minimum of 15 calendar days after installation. 

 
666.6 Measurement.  This Item will be measured by each word(s), shape or 

symbol as shown on the plans. 
 
666.7 Payment.  The work performed and materials furnished in accordance with 

this Item and measured as provided under “Measurement” will be paid for 
at the unit price bid for “Prefabricated Pavement Markings” of the various 
types, colors, shapes and sizes specified.  This price shall be full 
compensation for cleaning the pavement by any suitable means, for 
furnishing and placing all materials; and for all labor, tools, equipment and 
incidentals necessary to complete the work. 

 
 

There are line code(s), description(s) and unit(s) for this Item: 
 

NOTE: This Item requires other Standard Specifications 
 

Item 669 “Pavement Surface Preparation for Markings” 
 

END OF ITEM 666 
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ITEM 669 
 

PAVEMENT SURFACE PREPARATION FOR MARKINGS 
 
 
669.1 Description.  This Item shall govern for surface preparation of pavement 

surface areas any time that permanent painted or thermoplastic pavement 
marking, or raised pavement markers are to be applied. 

 
669.2 Materials.  Abrasive blasting medium, when used, shall be a quality 

commercial product capable of producing the specified surface cleanliness 
without the deposition of deleterious materials on the cleaned surface.  
Water used in blasting operations shall be potable. 

 
669.3 Equipment.  Equipment shall be in good condition.  Air compression 

equipment shall utilize moisture and oil traps, in working order, of sufficient 
capacity to remove contaminants from blasting air and prevent the 
deposition of moisture, oil or other contaminants on the roadway surface. 

 
669.4 Construction Methods.  Pavement surface preparation is required to some 

degree for all forms of permanent pavement markings and raised 
pavement markers depending on the condition of the surface, the type of 
surface, and the manufacturer’s recommendations.  

 
It is the Contractor’s responsibility to determine the method and degree of 
preparation required to sufficiently remove all dirt, dust, chemicals, oil, 
loose material, moisture, and other contaminants. 

 
Both, concrete and asphalt surfaces can be prepared by sweeping, 
brushing, washing, air blasting, high pressure water blasting or any 
combination thereof.  Concrete surfaces can also be prepared by sand 
blasting. 

 
Whichever technique is used, it shall be carefully controlled to prevent 
visible damage to the pavement surface.  

 
When new permanent pavement markings are to be placed in the same 
location as existing markings, small spots of the existing marking may 
remain if in the opinion of the Engineer, further removal would damage the 
pavement surface. 

 
669.5 Payment. The work performed and the materials used in accordance 

with this Item for “Pavement Surface Preparation for Marking” will not be 
paid for directly, but will be considered subsidiary to the bid item for the 
pavement marking or raised pavement marker for which the surface 
preparation work is being performed. 
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There are no line code(s), description(s), or unit(s) for this Item. 
 

END OF ITEM 669 
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ITEM 670 
 

BARRICADES 
 
 
670.1 Description.  This Item shall govern for furnishing, installing, moving, 

replacing, maintaining, cleaning, and removing upon completion of work all 
barricades. 

 
670.2 Materials.  All barricades shall be in accordance with the requirements of 

the “Texas Manual on Uniform Traffic Control Devices” (TMUTCD). 
 
 Markings for permanent Type III barricade rails shall be alternating red 

and white chevron striping sloping downward at an angle of 45 degrees in 
the direction traffic is to pass.  All parts of the barricade not striped shall 
be painted white. 

 
 Markings for temporary Type III barricade rails shall be alternating orange 

and white chevron striping sloping downward at an angle of 45 degrees in 
the direction traffic is to pass.  All parts of the barricade not striped shall 
be painted white. 

 
 Where a Type III barricade extends entirely across a roadway, the stripes 

shall slope downward in the direction toward which traffic must turn when 
detouring.  Where both right and left turns are provided for, the chevron 
striping shall slope downward in both directions from the center of the 
barricade. 

 
 Reflectorized sheeting used for the chevron striping on both permanent 

and temporary barricades shall be, as a minimum, in accordance with Item 
649 “Wide Angle Prismatic Retroreflective Sheeting for Traffic Control 
Signs (Diamond Grade)”. 

 
 The above does not preclude the requirements of the “Harris County 

General Conditions”. 
 
670.3 Construction Methods.  All barricades shall be installed in accordance with 

the drawings, the TMUTCD and Item 671 “Traffic Control”.  
 
670.4 Responsibility for Damage or Claims.  The Contractor shall hold harmless 

the County and all its representatives from all suits, actions or claims, of 
any character brought on account of any injuries or damages sustained by 
any person or property in consequence of any neglect in safeguarding the 
work or through the use of unacceptable materials in the construction of 
the improvement, or on account of any act of omission by the Contractor.  
He shall not be released from said responsibility until the roadway has 
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been completed and accepted, and so much of the money due the said 
Contractor under and by virtue of his contract may be retained by the 
County, or his Surety may be held until such claims have been settled and 
suitable evidence to that effect furnished to the County. 

 
All barricades, whether temporary or permanent, shall be checked daily to 
see if they are in their proper location. 

 
670.5 Measurement.  Except for Permanent Type III barricades, this Item shall 

not be measured for payment.  Permanent Type III barricades shall be 
measured by each unit of barricade constructed, complete in place. 

 
670.6 Payment.  Except for Permanent Type III barricades, payment shall not be 

made for this Item.  Temporary Barricades shall be paid for in accordance 
with Item 671 “Traffic Control”. 

 
The basis of payment for Type III barricades shall be the contract unit 
price bid per each unit, which price shall be full compensation for 
furnishing and placing all materials and for all labor, tools, equipment and 
incidentals necessary to complete the work. 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
 

NOTE:  This Item requires drawings that shall be incorporated into the 
contract documents. 

 
NOTE: This Item requires other Standard Specifications 

 
Item 649 “Wide Angle Prismatic Retroreflective Sheeting for Traffic Control 

Signs (Diamond Grade)” 
Item 671 “Traffic Control” 

 
END OF ITEM 670 
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ITEM 671 
 

TRAFFIC CONTROL 
 
 
671.1 Description.  This  shall govern for furnishing, installing, moving, replacing, 

maintaining, cleaning and removing upon completion of work, all 
barricades, signs, barriers, barrels, cones, lights, delineators, pavement 
markings, and other such devices and detours in conformance with the 
drawings or as directed by the Engineer. 

 
A Traffic Control Plan (TCP) has been established for this project in 
accordance with the Texas Manual on Uniform Traffic Control Devices 
(TMUTCD).  The Contractor may propose an alternate TCP, and if the 
alternate plan is approved by the Engineer, it may be used.  The alternate 
TCP must be prepared in accordance with Harris County Traffic Control 
Guidelines (Latest Edition) and sealed by a Professional Engineer 
registered in the State of Texas proficient in the field of Traffic 
Engineering. 

 
671.2 Construction Methods.  All barricades, signs and other types of traffic 

control devices shall conform to details shown on the drawings, and those 
indicated in Part VI of the TMUTCD. 

 
Prior to beginning work, the Contractor shall designate in writing a 
competent person who will be responsible and available on the project site 
or in the immediate area to insure compliance with the TCP. 

 
The Contractor is solely responsible for furnishing, erecting and 
maintaining all barricades, signs, barriers, barrels, cones, lights, 
delineators, pavement markings, and other such devices as necessary to 
adequately protect the project and workers and warn, advise and 
safeguard the traveling public over the entire length of the project.  The 
Contractor’s responsibility in this regard extends for the entire duration of 
the project, from the start of construction until acceptance by the County. 

 
All reflective traffic control devices such as barricades, vertical panels, 
signs, etc. shall be maintained at all times by cleaning, replacing or a 
combination thereof such that during darkness and rain the reflective 
characteristics shall equal or exceed the retroreflective characteristics of 
the standard reflective panels in the Engineer’s possession.  Unless 
otherwise set forth in these Standard Specifications, the Contractor shall 
receive compensation for furnishing, erecting and maintaining the 
necessary barricades, signs, barriers, barrels, cones, lights, delineators, 
pavement markings, other such devices and any incidentals necessary for 
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the good and proper safety, convenience and direction of traffic prior to 
final inspection and acceptance by the County. 

 
Detours and temporary structures necessary for public travel during the 
prosecution of the work will be indicated on the TCP and the cost included 
in the bid and contract price.  Any necessary detours or temporary 
structures not indicated on the drawings or provided for in the 
specifications shall be at the expense of the Contractor.  Increased 
maintenance costs incurred incidental to resulting traffic over an 
established road, street, or highway as a result of any detour shall not be 
considered as a cost of maintaining detours and will be paid for by the 
Contractor. 

 
The Contractor shall provide at his expense, means of ingress and egress 
for all residents and businesses along any closed section of the work and 
shall provide property owners a means of access to a public road. 

 
Temporary access driveways shall provide an all-weather surface and 
shall be maintained by the Contractor in a condition acceptable to the 
Engineer.  Where indicated in the bid documents, asphalt millings may be 
used for temporary driveways. 

 
No section of the work shall be closed to traffic until so directed by the 
Engineer.  No bridge, culvert or drainage structure shall be closed until an 
adequate detour has been arranged and constructed. 

 
If, in the opinion of the Engineer, the Contractor does not comply with the 
above requirements such work as the Engineer may deem necessary for 
the safety, comfort and convenience of the traveling public may be 
performed and the charges therefore withheld from any money due or to 
become due to the Contractor.  The Contractor shall not be paid to provide 
traffic control during delays caused by the Contractor. 

 
The above does not preclude the requirements of the “Harris County 
General Conditions”. 

 
Providing, installing, moving, replacing, maintaining, cleaning and 
removing upon completion of work all barricades, signs, barriers, barrels, 
cones, lights, delineators, pavement markings, and other such devices 
shall be in accordance with Item 665 “Work Zone Pavement Markings”, 
Item 670 “Barricades”, Item 696 “Low Profile Concrete Barrier” and Item 
698 “Temporary Polyethylene Water-Filled Barrier”.  Flagmen shall be 
furnished, maintained and possess the minimum qualification and 
requirements stipulated in the TMUTCD.  Operation of flagmen shall be as 
outlined in Item 672 “Flagmen.” 
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Temporary pavement markings shall be in accordance with Item 665 
“Work Zone Pavement Markings”. 

 
Temporary signs and supports shall be made from wood, metal, or other 
approved materials.  Wood for signs shall be minimum 1/2 inch, medium 
density, outdoor grade plywood.  Metal signs shall be in conformance with 
Item 624 “Aluminum Signs”.  Reflectorized sign sheeting shall be in 
conformance with Item 649 “Wide Angle Prismatic Retroreflective 
Sheeting for Traffic Control Signs (Diamond Grade).”  Signs may be 
erected on portable, temporary, or fixed supports for use in the work zone.  
Signs erected on portable supports shall be for daytime use only.  All 
wood supports shall be painted white.  Sandbags shall be used where 
portable or temporary sign supports require the use of weights to prevent 
a sign assembly from falling over.  All signs shall be placed in accordance 
with the drawings and the TMUTCD.   

 
671.3 Measurement & Payment.  Barricades, signs, barriers, barrels, cones, 

lights, delineators, and other such devices shall be paid for by the month 
or per each Jobsite, provided the traffic control plan is properly installed 
and maintained.  This includes preparation of an alternative Traffic Control 

Plan by the Contractor, if any, and approved by the Engineer. 
 

Detours shall be paid for in accordance with Item 673 “Constructing 
Detours for Maintaining Two-Way Traffic”. 

 
Work Zone Pavement Markings shall be paid for in accordance with Item 
665 “Work Zone Pavement Markings”. 

 
Barriers designated as “Low Profile Concrete Barrier” and “Temporary 
Polyethylene Water-Filled Barrier” shall be paid for in accordance with 

Items 696 and 698 respectively. 
 

Temporary driveways and the removal of temporary driveways shall be 
measured and paid for as follows:  “Temporary Commercial Driveways per 
Each” and “Temporary Residential Driveways per Each”.  Payment shall 
include all labor and materials, including shaping, furnishing and hauling 
necessary to complete the work. 

 
 

There are line code(s), description(s) and unit(s) for this Item: 
 

NOTE: This Item requires other Standard Specifications. 
 

Item 624 “Aluminum Signs” 
Item 649 “Wide Angle Prismatic Retroreflective Sheeting for Traffic Control 

Signs (Diamond Grade)” 
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Item 665 “Work Zone Pavement Markings” 
Item 670 “Barricades” 
Item 672 “Flagmen” 
Item 673 “Constructing Detours for Maintaining Two-Way Traffic” 
Item 696 “Low Profile Concrete Barrier” 
Item 698 “Temporary Polyethylene Water-Filled Barrier”  

 
END OF ITEM 671 
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ITEM 713 
 

REINFORCED FILTER FABRIC BARRIER 
 
 
713.1 Description.  This Item shall govern for furnishing, installing, and removing 

temporary erosion protection and sediment control reinforced filter fabric 
barrier in accordance with these Standard Specifications and construction 
drawings, and as directed by the Engineer.  The reinforced filter fabric 
barrier consists of geotextile fabric supported by a net reinforced fence 
stretched across and attached to supporting posts or frame and 
entrenched.  This work shall be performed during construction operations 
and prior to final stabilization to control erosion and sedimentation. 

 
713.2 Materials.  Geotextile fabric (filter fabric) shall consist of long-chain 

synthetic polymers composed of at least 95 percent by weight of 
polyolefins in a woven fabric.  The geotextile fabric shall meet or exceed 
the following specifications: 

 
TABLE 1 

 

SILT FENCE GEOTEXTILE FABRIC PROPERTIES 
REQUIREMENTS 

UNSUPPORTED SILT 
FENCE 

 Units 
Supported 
Silt Fence 

Geotextile 
Elongation 

50% 

Geotextile 
Elongation 

<50% 

Grab Strength     

Machine Direction Lbs. 90 123 123 

X-Machine Direction Lbs. 90 100 100 

Permittivity Sec-1 0.05 0.05 0.05 

Apparent Opening Size 
(Max. Average Roll Value) 

Mm/sieve 0.6/30 0.6/30 0.6/30 

Ultraviolet Stability 
(Retained Tensile Strength) 

% 
70 after 500 
hrs exposure 

70 after 500 
hrs exposure 

70 after 500 
hrs exposure 

NOTES: 
1. Table 1 adapted from AASHTO M 288 Geotextile Specification for Highway 

Applications Table 6. Temporary Silt Fence Property Requirements. 
2. All numeric values in Table 1 except Apparent Opening Size (AOS) represent 

minimum average roll values (MARV). Values for AOS represent maximum 
average roll values. 
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Geotextile fabric shall contain stabilizers and/or inhibitors to make the 
fabric resistant to deterioration resulting from exposure to sunlight or heat.  
Geotextile fabric shall be resistant to commonly encountered soil 
chemicals, mildew, rot, and insects.  Geotextile fabric shall be free of 
defects or flaws that affect its physical and/or filtering properties.  
Geotextile fabric shall provide an expected useable life comparable to the 
anticipated construction period. 

 
Fence posts shall be either steel or hardwood, essentially straight, with a 
minimum length of 4 feet.  Hardwood posts shall be 2 inch x 2 inch 
minimum, or equivalent.  Metal posts shall be either studded T or U steel 
type with a minimum weight of 1.28 lbs. per linear foot.  Fin anchors shall 
be used to resist post movement as directed by the Engineer. 

 
Net reinforced fence shall be 2 inch wide by 4 inch high welded wire fabric 
mesh, 14 gauge minimum.  The mesh support height shall be the 
equivalent height, or greater, of the geotextile fabric to be attached.  
Plastic grid mesh or other support mesh may be substituted for welded 
wire mesh as approved by the Engineer.   

 
Attachment of net reinforced fence and geotextile fabric shall be with wire 
ties, staples, or rings.  Wire ties shall be 14 gauge minimum, staples shall 
be no. 9 wire minimum with a 1/2 inch minimum crown length, and rings 
shall be galvanized, or as approved by the Engineer.   

 
A prefabricated unit with geotextile fabric, posts, and wire mesh meeting 
the minimum specifications in this Item may be used in lieu of a 
constructed filter fabric barrier. 

 
713.3 Construction Methods.  No clearing and grubbing or rough cutting, other 

than as specifically directed by the Engineer to allow for soil testing, 
surveying and installation of erosion protection and sediment control 
measures, shall be permitted until sediment control and erosion protection 
systems are in place. 

 
Reinforced filter fabric barriers shall be so installed that the surface runoff 
will percolate through the system and allow sediment to be retained and 
accumulated, and may be used in conjunction with a rock filter dam (Item 
750) at the outfall of a detention pond. Reinforced filter fabric barrier shall 
not be used as the sole best management practice at the outfall of a 
detention pond. Reinforced filter fabric barriers shall be installed at the 
locations shown on the construction drawings and in accordance with the 
Standard Civil Drawing or as directed by the Engineer.  Reinforced filter 
fabric barriers shall be constructed in accordance with an approved 
schedule that clearly describes the timing during the construction process 
that the various erosion control measures will be implemented. Reinforced 
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filter fabric barriers shall be installed so as surface runoff will percolate 
through the system and allow sediment to be retained and accumulated. 

 
Posts shall be driven to a minimum depth of 1 foot into the ground.  Posts 
shall be a minimum of 18 inches above the ground.  Posts shall be placed 
with a maximum spacing of 6 feet and be installed on a slight angle toward 
the anticipated runoff. 

 
Trenches shall be dug along the uphill side of the fence to anchor at least 
8 inches of the filter fabric to prevent underflow.  The trench shall be a 6 
inch x 6 inch square, or a 4 inch deep V-trench. 

 
Net reinforced fence shall be attached to the posts.  Attachment shall be 
at the top and mid-section.  Additional ties or staples shall be added to 
secure the net reinforced fence to the posts as directed by the Engineer. 

 
Geotextile fabric shall be placed against the side of the trench with 
approximately 2 inches across the bottom in the upstream direction. Using 
wire ties or rings, the geotextile fabric shall be attached to the net 
reinforced fence. The fabric shall be attached at the top and mid-section.  
The horizontal spacing of the attachment shall be every 24 inches, or less.  
Additional ties, rings, or staples shall be added to secure fabric to the net 
reinforced fence or posts as directed by the Engineer.  

 
Geotextile fabric shall be provided in continuous rolls and cut to the length 
of the barrier, so as to minimize joints.  When joints of two sections of 
fabric are necessary, the fabric shall be spliced together only at a support 
post.  The fabric shall be overlapped a minimum of 6 inches at a post, 
folded, and secured at six or more places.  Splices in concentrated flow 
areas will not be permitted. 

 
Geotextile fabric shall be attached at the end posts at a minimum of four 
locations.  Geotextile fabric shall be entrenched and attached to the posts 
so as a minimum of 18 inches of the fabric is above the ground.  The 
trench then shall be backfilled and hand tamped as approved by the 
Engineer. 

 
Contractor shall inspect the reinforced filter fabric barriers at least once 
every week or as directed by the Engineer.  The Contractor shall remove 
irregularities which will impede normal flow.  Erosion protection and 
sediment control systems shall be maintained by the Contractor until final 
stabilization.  Damage caused to erosion protection and sediment control 
systems shall be repaired immediately. (Note: Maintenance for Item 713 is 
paid for under Item 751 “SWPPP Inspection and Maintenance”) 
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The Contractor is responsible for removal and proper disposal of sediment 
and debris from the reinforced filter fabric barrier system and as directed 
by the Engineer.  Sediment and debris shall not be allowed to flush into 
the storm sewer system, waterways, and jurisdictional wetlands, or onto 
adjacent properties.  Sediment deposits shall be removed before they 
reach one-third of the height of the reinforced filter fabric barrier. 

 
Uncontaminated sediment can be placed at the project spoil site protected 
by a reinforced filter fabric barrier or, if properly handled, spread out to 
supplement fill requirements.  The Engineer will designate how the 
sediment deposits are to be handled.  Uncontaminated sediment shall not 
be placed in waterways or jurisdictional wetlands, unless as approved by 
the Engineer.  If sediment has been contaminated, then it shall be 
disposed of in compliance with current local, State and Federal 
Regulations.  Offsite disposal shall be the responsibility of the Contractor. 

 
After final stabilization and at the direction of the Engineer, the Contractor, 
when required, shall be responsible for removing all erosion protection and 
sediment control systems that are not permanent, from the project. 

 
713.4 Quality Assurance.  The Contractor is responsible for the control of the 

quality of materials incorporated into the construction and the quality of 
completed construction.  The County will engage materials engineering 
services to provide quality assurance testing and inspection to assist the 
Engineer in determining the acceptability of materials and completed 
construction.  Quality assurance services provided by the County do not 
relieve the Contractor of his responsibility for quality control.  The 
Materials Engineer shall not have control of the means, methods, 
techniques, sequences or procedures of construction selected by the 
Contractor. 

 
713.5 Measurement.  When paid for separately as a pay item, measurement for 

reinforced filter fabric barrier shall be by the linear foot, complete in place, 
measurement being made along the centerline of the top of the barrier. 

 
715.6 Payment.  Payment for reinforced filter fabric barrier shall include and be 

full compensation for all labor, equipment, materials, supervision and all 
incidental expenses for the construction of this Item, complete in place, 
where 60 percent of the total unit cost shall be for furnishing and installing 
all materials.  Thus, 40 percent of the total unit cost shall be for the 
removal and disposal of erosion protection and sediment control systems: 
reinforced filter fabric barrier, after final stabilization, at the end of the 
project. 

 
 

There are line code(s), description(s), and unit(s) for this Item. 
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NOTE:  This Item requires a Standard Civil Drawing that shall be 

incorporated into the contract documents. 
 

NOTE:  This Item requires other Standard Specifications. 
 

Item 751 “SWPPP Inspection and Maintenance” 
 

END OF ITEM 713 
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ITEM 725 
 

GENERAL SOURCE CONTROLS (SWPPP) 
 
 
725.1 Description.  This Item shall govern for erosion protection and sediment 

control related practices which shall be utilized during construction 
operations. 

 
725.2 Materials.  Topsoil shall conform to Item 160 “Topsoil”. 
 

The Contractor is required to inform the Engineer of the location of the pit 
or pits from which the material is to be taken.  Harris County shall have the 
right to have an independent testing laboratory test the material to 
determine if it meets these Standard Specifications. 

 
725.3 Construction Methods.  No clearing and grubbing or rough cutting, other 

than as specifically directed by the Engineer to allow for soil testing and 
surveying, shall be permitted until sediment control and erosion protection 
systems are in place. 

 
The Contractor shall prohibit equipment and vehicles from maneuvering 
on areas outside of dedicated rights of way and easements for 
construction.  Damages caused by construction traffic to erosion and 
sedimentation control systems shall be repaired immediately. 

 
Topsoil for Erosion and Sedimentation Control Systems: 
When topsoil is called for as a component of another item, Contractor 
shall conduct erosion control practices during topsoil operation.  When 
applying topsoil, Contractor shall maintain erosion and sediment control 
systems, such as swales, berms, dikes, and sediment basins.  Contractor 
shall place the topsoil to the lines and grades and to the depths shown on 
the construction plans.   

 
After the areas to receive topsoil have been brought to grade and 
immediately prior to dumping and spreading the topsoil, the subgrade 
shall be loosened by discing or by scarifying to a depth of at least 2 
inches, to permit bonding of the topsoil to the subsoil.  Contractor shall 
compact by passing a bulldozer up and down the slope, tracking over the 
entire surface area of the slope to create horizontal erosion control slots. 
When grading, filling, and applying topsoil around trees, Contractor shall 
maintain the existing grade within the drip line of trees, unless otherwise 
indicated. 

 
Topsoil shall be material free of clay, rock or gravel larger than 2 inches in 
any dimension, debris, waste, vegetation and other deleterious matter.  



Item 725       FOR PROJECTS INITIATED 
Page -2-       AFTER MAY 1, 2016 
        REVISION 5 

 

Drainage fill shall be selected stone or gravel, graded to pass a 3 inch 
sieve and retained on a 1 inch sieve. 

 
No sod, seed, or other vegetation shall be placed on soil that has been 
treated with soil sterilants until sufficient time has elapsed to permit 
dissipation of toxic materials.  

 
Protection of Trees in Construction Area:   
Contractor shall employ protective measures to avoid damage to existing 
trees to be retained on the project site.  Heavy equipment, vehicular traffic, 
and stockpiles of construction materials, including topsoil, are not 
permitted within 3 feet of the dripline of any tree to be retained.    
Specimen trees shown on the construction plans shall be boxed or fenced 
for protection. Contractor shall water those trees indicated to be 
preserved, as required, to maintain their healthy growth during the course 
of construction operations.   Contractor shall protect tree root systems 
from damage due to noxious materials in solution caused by runoff or 
spillage during mixing and placement of construction materials or drainage 
from stored materials.   

 
When called for in the construction plans, tunneling under the root system 
for the installation of utility lines shall be accomplished by hand digging.   
Contractor shall not allow exposed roots to dry before permanent backfill 
is placed.  Tree trunks, exposed roots, and limbs of the trees designed to 
be retained which are damaged during construction operations will be 
cared for as prescribed by an arborist certified by the International Society 
of Arboriculture (ISA), at the expense of the Contractor.  The Contractor 
shall extend the pruning operation to restore the natural shape of the 
entire tree.  Main lateral roots, taproots, or old main branches shall not be 
cut or pruned.  The Contractor shall cut branches and roots with sharp 
pruning instruments.  He shall not break or chop branches and roots.  
Cuts over 1/2 inch in size shall be painted with tree pruning compound.  
Tree pruning compound shall be waterproof, antiseptic, elastic, and free of 
kerosene, coal tar, creosote and other substances harmful to trees. 

 
Dust Control:   
Control dust blowing and moving on construction sites and roads for 
erosion and sediment control, to prevent exposure of soil surfaces, to 
reduce on and off site property damage, to prevent health hazards, and to 
prevent hazardous sight conditions.  Control dust blowing by utilizing one 
or more of the following methods: 
  
A. Mulches bound with natural or chemical binders such as Soiltac®, 

Terratack®, or equal, as approved by the Engineer. 
 

B. Temporary or permanent vegetative cover. 
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C. Spray-on adhesive, such as Soil Master®, PennzSuppress®, Soil 

Sement®, or equal, on mineral soils when not used by traffic and as 
approved by the Engineer. 

 
D. Tillage to roughen surface and bring clods to the surface. 

 
E. Irrigation by water sprinkling. 

 
F. Barriers using solid board fences, snow fences, burlap fences, 

crate walls, bales of hay, or similar materials. 
 

Dust control methods shall be implemented immediately whenever dust 
can be observed blowing on the project site. 

 
Equipment Maintenance and Repair:  
Maintenance and repair of construction machinery and equipment shall be 
confined to areas specifically designated for that purpose.  Designated 
areas shall be located, designed, and maintained so as oils, gasoline, 
grease, solvents, and other potential pollutants cannot be washed into the 
storm sewer system or any other receiving stream. Contractor shall not 
allow oils, gasoline, waste fluids, and other potential pollutants to spill onto 
the soil or seep into the ground and groundwater.  Adequate waste 
disposal receptacles shall be provided for liquid waste, as well as solid 
waste.  Proper spill response measures and materials will be the 
responsibility of the Contractor.  Designated maintenance areas shall be 
inspected and properly maintained daily. (Note: Maintenance for Item 725 
is paid for under Item 751 “SWPPP Inspection and Maintenance”) 

 
On a site where designated equipment maintenance and repair areas are 
not feasible, care shall be taken during each individual repair or 
maintenance operation to prevent spills of potential pollutants.  All 
applicable local, State and Federal Regulations shall be followed for the 
proper handling, storage, and waste disposal of oils, gasoline, grease, 
solvents, and other designated potential pollutants associated with the 
maintenance and repair of construction machinery and equipment. 

 
Waste Collection and Disposal:   
A plan shall be implemented for the collection and disposal of on site 
general trash, as well as construction debris.  Disposal of waste materials 
shall be in compliance with current local, State and Federal Regulations.  
Trash and debris shall not be allowed to overflow its receptacle or 
accumulate for excessively long periods of time.  Receptacles shall be 
located where they will least likely be affected by storm water runoff. Trash 
and construction debris shall not be burned on the project right-of-way. 
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Special provisions shall be made for the collection and disposal of liquid, 
toxic, or hazardous materials.   

 
Sanitary Facilities:  
Adequate sanitary facilities shall be provided for workers.  Sanitary 
collection and disposal shall be in compliance with current local, State and 
Federal Regulations. 

 
Vehicle Washing:   
Construction equipment and vehicles, such as concrete trucks, shall be 
washed in designated areas only, as approved by the Engineer.  These 
designated wash areas shall be designed and maintained such as to 
prevent runoff from leaving the site, as well as preventing the runoff from 
entering a storm sewer system or into a watercourse.  The designated 
areas shall be located where the wash water will evaporate or infiltrate 
directly into the ground and where runoff can be collected in a temporary 
holding or seepage basin.  Wash areas shall not be located immediately 
adjacent to a storm sewer system or other watercourse or near a 
designated jurisdictional wetland.  Concrete waste shall be permitted to 
dry in a controlled pit, sump, or other, and the waste shall be removed 
from the project site. 

 
Storage of Construction Materials and Chemicals:   
Storage of chemicals, cements, solvents, paints, pesticides, herbicides, 
fuels, or other potential pollutants shall be stored so that they will not be in 
contact with storm water runoff or cause potential leachate to the soil or 
groundwater.  These items shall not be stored adjacent to a storm sewer 
system or other watercourse.  Storage and use shall be in compliance with 
current local, State and Federal Regulations, as well as manufacturer's 
guidelines.   

 
Contractor shall have a spill response program which addresses spills of 
construction related hazardous and toxic materials.     

 
Demolition Areas:   
Demolition projects usually generate large amounts of dust with significant 
concentrations of heavy metals and other toxic pollutants.  Dust control 
techniques shall be used to limit the transport of the airborne pollutants.  
Water or slurries used to control dust shall not be allowed to flow into the 
storm sewer system or other watercourse. 

 
Street Cleaning:   
Street cleaning, such as sweeping, vacuuming, or shoveling, shall be 
provided along project area roadways where erosion have deposited or 
construction traffic have tracked sediments, mud, or debris.  Contractor 
shall inspect the roadways daily, and perform the cleaning on a daily 
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basis, if necessary.  Washing or flushing of sediments, mud, or debris into 
adjacent drainage systems is prohibited.   

 
Dewatering:   
The pumping of ponded storm water, or other waters, from the project site 
directly into an adjacent watercourse or storm sewer system shall not be 
permitted unless the water has been pretreated through a sediment basin 
or other method, and as approved by the Engineer.   

 
Pesticides, Herbicides, and Fertilizers:   
Contractor shall only use pesticides, herbicides, and fertilizers on the 
construction site as indicated in the construction specifications and plans 
or as approved the Engineer.  Pesticides, herbicides, and fertilizers shall 
be stored, used, applied, and disposed of in accordance with 
manufacturer’s guidelines and with local, state, and federal regulations.  
Contractor shall not dispose of the pesticide, herbicide, and fertilizer 
wastes, and containers, on site or in the storm sewer system or other 
watercourse.   

     
725.4 Measurement and Payment.  No separate payment shall be made for this 

Item.  The work performed under this Item shall be paid for and 
considered incidental to Item 751 “SWPPP Inspection and Maintenance”.  

 
 

There are no line codes for this Item. 
 

NOTE:  This Item requires other Standard Specifications. 
 

Item 160 “Topsoil” 
Item 751 “SWPPP Inspection and Maintenance” 

 
END OF ITEM 725 
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ITEM 751 
 

SWPPP INSPECTION AND MAINTENANCE 
 
 
751.1 Description.  This Item shall govern for inspecting, maintaining,  cleaning, 

and replacing as necessary, all SWPPP items, in conformance with the 
drawings and/or as directed by the Engineer.  Included in the maintenance 
of the SWPPP will be once per week inspections and reports, or as 
directed by the Engineer.  The day of the week established for the 
inspections, shall be mutually agreed to, by Harris County and the 
Contractor, prior to the Contract start date.  

 
A Storm Water Pollution Prevention Plan (SWPPP) has been established 
for this project in accordance with the EPA and TCEQ regulations, and as 
defined by the TPDES General Permit.  

 
751.2 Construction Methods.  All SWPPP items shall conform to details shown 

on the drawings and the Storm Water Pollution Prevention Plan in the 
Project Manual. 

 
Prior to beginning work, the Contractor shall designate in writing an 
authorized representative who will be responsible and available on the 
project site or in the immediate area to insure compliance with the 
SWPPP. 

 
The Contractor is solely responsible for inspecting and maintaining all the 
SWPPP items.  The Contractor’s responsibility in this regard extends for 
the entire duration of the project, from the start of construction until 
acceptance by the County. 

 
All SWPPP items such as Sodding, Hydro-Mulch Seeding, Reinforced 

Filter Fabric Barrier, Inlet Protection Barrier (Stage I and/or Stage II), 
Stabilized Construction Access, Concrete Truck Washout, Rock Filter 
Dam, etc. shall be maintained at all times by cleaning, replacing or a 
combination thereof such that after rain or other inclement weather the 
SWPPP items shall be equal to or exceed their like new installed 
condition. 

 
The Contractor shall receive compensation for inspecting and maintaining 
the necessary SWPPP items, and any incidentals necessary to achieve 
turf establishment and an approved final inspection and acceptance by the 
County. 

 
The above does not preclude the requirements of the “Harris County 
General Conditions”. 
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751.3          Submittal.   The Contractor shall be required to submit and fill out the 

SWPPP Inspection Report at least once per week, or as directed by the 
Engineer.  The inspection and the Report shall be completed in 
conformance with the Storm Water Pollution Prevention Plan, and 
maintained at the project site. The Contractor shall maintain a corrective 
action log, and the SWPPP amendment log. 

  
751.4 Measurement & Payment.  Inspecting, maintaining, cleaning, and 

replacing any or all SWPPP items, shall be paid for by the month, 
provided the SWPPP is properly maintained, as approved by the 
Engineer.  Included in the maintenance of the SWPPP will be the issues 
described in Item 725 “General Source Controls (SWPPP)” and required 
weekly inspections and Reports.  All items noted in each weekly SWPPP 
Inspection Report shall be corrected within 72 hours, or prior to the next 
rain event, whichever come first, and/or as approved by the Engineer. 

    
The SWPPP Monthly Maintenance Fee will be designated by a minimum 
bid amount.  

 
If in the opinion of the Engineer, the Contractor does not comply with the 
above requirements of the work, a prorated portion of the SWPPP Monthly 
Maintenance Fee will be withheld from any money due or to become due 
to the Contractor.  

 
 

There are line code(s), description(s) and unit(s) for this Item. 
 

NOTE: This Item requires other Standard Specifications as designated in 
the Project Manual. 

 
NOTE: This Item requires other Standard Specifications 

 
Item 162 “Sodding For Erosion Control and Stabilization” 
Item 165 “Hydro-Mulch Seeding (For Erosion Control and Stabilization)” 

Item 713 “Reinforced Filter Fabric Barrier” 
Item 719 “Inlet Protection Barriers” 
Item 724 “Stabilized Construction Access” 
Item 725 “General Source Controls (SWPPP)” 
Item 730 “Concrete Truck Washout Structures” 
Item 741 “Inlet Protection Barrier (For Stage II Inlets, Gravel Bags)” 

 
END OF ITEM 751 
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TO: File

Texas Water
Development Board

P.O. Box 13231, 1700 N. Congress Ave.
Austin, TX78711-3231, www.twdb.texas.gov
Phone (512) 463-7847, Fax (512) 475-2053

MEMORANDUM

FROM: Jessica Zuba, Director, Regional Water Planning and Development ^fcy
DATE: December 11.2015

SUBJECT: West Harris County Regional Water Authority
Harris and Fort Bend Counties

Environmental Determination

Second Source Project - Second Source Central Pump Station
Water Infrastructure Fund: Project 21700 (1,120010)

The attached memorandum contains the staffs views regarding the environmental soundness of
the Second Source Project proposed by West Harris County Regional Water Authority
(WFICRWA), Harris and Fort Bend Counties, Texas. This project will utilize planning and
acquisition funds from loan LI20010 from the Water Infrastructure Fund (WIF). The Texas
Water Development Board (TWDB) committed this loan on December 15, 2011, in the amount
of $41,965,000. WHCRWA closed the loan on March 29, 2012.

WHCRWA acquired an approximately 29.19-acrc tract for the proposed Second Source Central
Pump Station. The proposed 29.19-acre proposed project area is located near the intersection of
Clay Road and Fry Road in west Houston, Harris County, Texas. The Second Source Central
Pump Station would convey and distribute surface water from the Northeast Water Purification
Plant (NEWPP) to the territory of the WHCRWA. The Second Source Central Pump Station
project is part of the Second Source Project proposed by WHCRWA. The Second Source Project
will construct a 40-mile water transmission pipeline across north Houston, to bring 150 Million
Gallons of treated water per day to approximately 880,000 people in West Harris and Fort Bend
Counties. This Environmental Determination pertains to the Second Source Central Pump
Station.

Based on staffs environmental review, I have determined that no significant adverse
environmental impacts should result from the proposed project discussed in the attached
Environmental Determination. As required by 31 Texas Administrative Code §363.14, full
consideration has been given to the views and comments of the requisite regulatory agencies and
affected persons. Based on this review, the following conditions have been developed in order to
ensure that this TWDB funded project is environmentally sound and will not have any adverse
impacts on the quality of the human environment:
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support for planning, financial assistance, and
outreach for the conservation and responsible

development of water for Texas

Board Members

Bech Bruun, Chairman | Kathleen Jackson, Member

Kevin Patteson, Executive Administrator
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• As per agreement with the Texas Parks and Wildlife Department (TPWD Project No.
ERCS-9054), and in order to ensure compliance with the Migratory Bird Treaty Act,
clearing and construction activities will be avoided during the April 1 - July 15
migratory bird nesting season. If it is necessary to conduct these activities during this
time period, a survey will be conducted by a qualified biologist prior to vegetation
removal. All construction activities as identified above will be excluded from a

minimum zone of 100 meters around any raptor nest during the period of February 1
-July 15;

• Standard emergency condition for the discovery of cultural resources; and,
• Standard emergency condition for the discovery of threatened and endangered

species.

With the addition of these conditions, the specified project elements above are environmentally
sound and design funds may be released once all other requirements are satisfied.

Enclosure



Texas WaterA
Development Board

P.O. Box 13231, 1700 N. Congress Ave.
Austin, TX 78711-3231, www.twdb.texas.gov
Phone (512) 463-7847, Fax (512) 475-2053

TO: Jessica Zuba, Director, Regional Water Planning and Development

THROUGH: Nancy Richards. Manager. Team 4(Regions II and I) '] ,lJ

FROM: Jean Devlin, Environmental Reviewer &

DATE: December 11,2015

SUB.IFXT: West Harris County Regional Water Authority
I larris and Fort Bend Counties

Environmental Determination

Second Source Project - Second Source Central Pump Station
Water Infrastructure Fund: Project 21700 (LI20010)

Pursuant to the environmental assessment requirements of Section §363.14 of the Texas Water
Development Board (TWDB) rules. I have conducted a review of the Second Source Project
proposed by the West Harris County Regional Waler Authority (WHCRWA), Harris and Fort
Bend Counties. This project will utilize planning and acquisition funds from loan L120010 from
the Water Infrastructure Fund (WIF). The Texas Water Development Board (TWDB) committed
this loan on December 15, 2011, in the amount of $41,965,000. WHCRWA closed on the loan
on March 29, 2012.

The following project information can be found in the Environmental Assessment (EA)
completed for the Second Source Central Pump Station1.

Purpose and Need

The purpose of the proposed project is to meet the requirements of the Harris-Galveston and Port
Bend Subsidence District's mandate to reduce subsidence through the reduction of ground water
demands in the area. The proposed system will help WHCRWA meet their mandates by limiting
ground water production throughout northwest I larris County.

' West Harris County Regional Water Authority (August 2012). Environmental Assessment: WHCRWA Second
Source Central Pump Station (Prepared by Berg Oliver Associates, Inc., for West Harris County Regional Water
Authority). Received by TWDB on October 06, 2012).
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Background

The WHCRWA Second Source Project includes the construction of 40 miles of transmission
pipeline through the City of Houston and other parts of Harris County. Two pump stations will
be built along the pipeline, which would convey potable water from the City of Houston's

Northeast Water Purification Plant (NEWPP) to the distribution systems of the WHCRWA and
North Fort Bend Water Authority (NFBWA). Projected capacity of the line is 150 million
gallons per day (MGD). Initially, WHCRWA will purchase treated water from the City of
Houston. Later, the Coastal Water Authority's Luce Bayou Interbasin Water Transfer Project
(LBIWTP) will replace the water purchased from the City of Houston by providing surface water
that would be treated in the NEWPP. The LBIWTP is considered an essential related project
integral to the long-term viability of WHCRWA's Second Source Project. The Second Source
Project is divided into four project components: East Re-Pump Station, Second Source Central
Pump Station, East-West Second Source Line, and North-South Second Source Line. This EA
pertains to the Second Source Central Pump Station.

Project Description

WHCRWA acquired an approximately 29.19-acre tract for the proposed Second Source Central
Pump Station. The proposed 29.19-acre proposed project area is located near the intersection of
Clay Road and Fry Road in west Houston, Harris County, Texas. The Second Source Central
Pump Station would convey and distribute surface water from the NEWPP to the territory of the
WHCRWA.

Reviews bv Regulatory Agencies and Resulting Conditions

Berg Oliver Associates, Inc., on behalf of WHCRWA, coordinated with the following federal
and state regulatory agencies and entities for the Second Source Central Pump Station: Texas
Parks and Wildlife Department (TPWD); U.S. Army Corps of Engineers, Galveston District
(USACE); Texas Historical Commission (THC); U.S. Fish and Wildlife - Clear Lake Ecological
Services Field Office (USFWS); City of Houston, North Fort Bend Water Authority; Harris
County; and the Harris-Galveston Subsidence District. A summary of the correspondence has
been provided in this report.

Texas Parks and WildlifeDepartment. Sand and Gravel PermittingCoordinator

Berg Oliver Associates, Inc. initiated contact with theTPWD on May 24,2012 and requested the
review and submission of comments or recommendations for the Second Source Central Pump
Station. The Second Source Central Pump Station does not intersect navigable waters or
otherwise public waterways or streams, therefore a sand andgravel permit will notbe required.
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Texas Parksand Wildlife Department Wildlife Division. Wildlife HabitatAssessment Program

Berg Oliver Associates, Inc. initiated contact with the TPWDon May 24,2012 and requested the
reviewand submission ofcomments or recommendations for the SecondSourceCentral Pump
Station. TPWD responded to Berg Oliver Associates, Inc. on June 4, 2014. WHCRWA provided
a response to TPWD's list of recommendations for the project on July 23,2015.

Although loss of woody vegetation during the construction of the Second Source Central Pump
Station is unavoidable, WHCRWA agrees to remove the minimum number of trees necessary to
safely allow for the construction of the facility, re-designing of specific areas to avoid or
minimize the effect upon individual trees or populations, and cutting trees to leave stumps in the
ground for regeneration where practicable are a few of the ways WHCRWA will work to
minimize impacts to woody vegetation.

Under federal regulation, WHCRWA is required to comply with the Migratory Bird Treaty Act
(MBTA), which provides year round closed season for non-game birds and prohibits the taking
of migratory bird nests and eggs, except as permitted by USFWS. Measures such as additional
surveys prior to construction to ensure active nests are not present would be taken prior to
clearing vegetation within the project area. If construction activities must occur between April 1
and July 15, no vegetation containing active nests, eggs, or young will be removed should they
be found on site. Construction activities will be excluded from a minimum zone of 100 meters

around any raptor nest during the nesting season.

• Construction activities such as, but not limited to, tree felling as well as vegetation
clearing, trampling, or maintenance should occur outside the April 1 - July 15 migratory
bird nesting season of each year the project is authorized and lasting for the life of the
project. To comply with the MTBA, the proposed site should be surveyed for migratory
bird nest sites prior to construction or future maintenance activities. Since raptors nest in
late winter and early spring, all construction activities as identified above should be
excluded from a minimum zone of 100 meters around any raptor nest during the period of
February 1 -July 15.

U.S Army Corps of Engineers, Galveston District

Berg Oliver Associates, Inc. initiated contact with the USACE, Galveston District on May 24,
2012 requesting review and comments regarding the Second Source Central Pump Station. A
0.33-acre abandoned irrigation ditch is located within the proposed project area for the Second
Source Central Pump Station and is located north of Clay Road, West of Fry Road, in northwest
Houston, Harris County, Texas. USACE provided a response letter dated February 21, 2013
(Project Number SWG-2012-00769) in response to a request that was received September 5,
2013. USACE determined that the 0.33-acre abandoned irrigation ditch located within the
proposed project area for the Second Source Central Pump Station is not a water of the United
States and is therefore not subject to Section 10 of the Rivers and Harbors Act and Section 404
of the Clean Water Act. The discharge of fill material on the tract does not require a permit from
USACE.
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Texas Historical Commission

Berg Oliver Associates, Inc. contracted HRA Gray & Pape, LLC of Houston, Texas to conducted
initial cultural resources background and site file research for the proposed Second Source

Central Pump Station site. This initial research, which was initiated on January 9,2012, included
review of archaeological site files and architectural resource files and a review of previously
conducted surveys near the proposed project area. The preliminary research identified one
previously conducted cultural resources survey that was conducted along the border of the 1 mile
study radius for the project. The previous cultural resources survey was conducted by South
Texas Archeological Research Surveys, LLC in 2007 for the Department of Education. The site
is approximately 15.9 acres and includes the Cypress-Fairbanks ISD Elementary school. This site
is located north to northwest of the proposed project area. No cultural deposits were found during
this survey.

Another cultural resources survey was conducted just outside of the 1 mile study radius. This
cultural resources survey was conducted by Moore Archeological Consultants, Inc. for the Harris
County Flood Control District in 2007. According to the results of the survey, sixty shovel tests
were excavated along 1.8 miles of Bear Creek. All shovel tests were negative for presence of
cultural deposits and no further work was recommended.

Berg Oliver Associates, Inc. initiated coordination with the THC on February 14, 2012. On
March 1, 2012, HRA Gray & Pape, LLC of Houston, Texas sent a letter to Mr. Mark S. Wolfe of
the THC requesting concurrence of the finding from the cultural resources assessment conducted
on the approximately 29.19-acre tract proposed for use by WHCRWA in Harris County. On
March 19, 2012, the THC provided concurrence that no survey was required and no impacts to
cultural resources are anticipated as a result of the proposed Second Source Central Pump
Station.

The WIF loan is conditioned to read that if archeological sites are discovered during
construction, work will cease immediately in that area and WHCRWA will notify the THC and
the TWDB of the discovery. The THC and the TWDB will then proceed in accordance with the
regulations of the Advisory Council on Historic Preservation (36 CFR Part 800) prior to taking
any action which would affect the cultural resources.

U.S. Fish and Wildlife Service. Clear Lake Ecological Services Field Office

Berg Oliver Associates, Inc. conducted a review of the USFWS database of threatened and
endangered species provided by the USFWS, Clear Lake Ecological Services Field Office. Their
review indicated that the Texas prairie dawn is either known to occur or has potential habitat
within the vicinity of the proposed project area.

On December 5, 2011, Berg Oliver Associates, Inc. conducted a site survey within the proposed
Second Source Central Pump Station site and determined that the site does not contain suitable
habitat for the Texas prairie dawn listed in Harris County, Texas. Additionally, a review of the
TPWD Texas Natural Diversity Dataset (TXNDD) was performed on February 7,2012. One
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Elemental Occurrence (EO) (ID#385) of the Texas prairie dawn is located approximately 2.6
miles from the proposed project area. One EO (ID #7469) of the Plains Spotted Skunk (Spilogale
putorius interrupta) is located approximately 1.4 miles from the proposed project area. Site
reconnaissance did not reveal the presence or habitat for either species; therefore no adverse
effects on threatened or endangered species are anticipated as a result of the proposed project and
further USFWS coordination was not required.

Berg Oliver Associates, Inc. initiated contact with USFWS, Clear Lake Ecological Services Field
Office on May 24, 2012 and requested the review and submission of comments or
recommendations for the Second Source Central Pump Station site. No adverse comments or
recommendations have been received as of the date of this report.

The WIF loan has been conditioned to read that if threatened or endangered species are
encountered during construction, the Contractor shall immediately cease work in the area of the
encounter and notify the Owner, who will immediately implement actions in accordance with the
Endangered Species Act and applicable State statutes. These actions shall include reporting the
encounter to the TWDB, the U.S. Fish and Wildlife Service, and the Texas Parks and Wildlife
Department, obtaining any necessary approvals or permits to enable the work to continue, or
implement mitigation actions. The Contractor shall not resume construction in the area of the
encounter unless authorized to do so by the Owner.

City ofHouston

Berg Oliver Associates, Inc. initiated contact with the City of Houston on May 24, 2012 and
requested the review and submission of comments or recommendations for the Second Source
Central Pump Station. No comments or recommendations have been received as of the date of
this report.

North Fort Bend Water Authority

Berg Oliver Associates, Inc. initiated contact with the North Fort Bend Water Authority on May
24, 2012 and requested the review and submission of comments or recommendations for the
Second Source Central Pump Station. No adverse comments or recommendations have been
received as of the date of this report.

Harris County

Berg Oliver Associates, Inc. initiated contact with Harris County May 24, 2012 and requested
the review and submission of comments or recommendations for the Second Source Central
Pump Station. No adverse comments or recommendations have been received as of the date of
this report.
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Harris-Galveston Subsidence District

Berg Oliver Associates, Inc. initiated contact with the Harris-Galveston Subsidence district on
May 24, 2012 and requested the review and submission of comments or recommendations for
the Second Source Central Pump Station. No adverse comments or recommendations have been
received as of the date of this report.

Floodplain Administrator

The Second Source Central Pump Station is located outside of the 100-year floodplain and
therefore does not require coordination with the Local Floodplain Administrator.

Conditions and Recommendation

Full consideration has been given to the views and comments of the requisite regulatory agencies
and affected persons. Based on a detailed environmental review consistent with 31 TAC
§363.14, the following conditions have been developed in order to ensure that this TWDB
funded project is environmentally sound and will not have any adverse impacts on the quality of
the human environment:

• As per agreement with the Texas Parks and Wildlife Department (TPWD Project No.
ERCS-9054), and in order to ensure compliance with the Migratory Bird Treaty Act,
clearing and construction activities will be avoided during the April 1 - July 15
migratory bird nesting season. If it is necessary to conduct these activities during this
time period, a survey will be conducted by a qualified biologist prior to vegetation
removal. All construction activities as identified above will be excluded from a

minimum zone of 100 meters around any raptor nest during the period of February 1
-July 15;

• Standard emergency condition for the discovery of cultural resources; and,
• Standard emergency condition for the discovery of threatened and endangered

species.

With the addition of these conditions, I recommend that the Executive Administrator find the
specified project elements above to be environmentally sound and that design funds be released
once other requirements are satisfied.
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APPENDIX II - Nationwide Permit No.12 – Utility Line Activities 

Permit No. SWG-2018-00388; Nationwide Permit Verification - July 26, 
2018 for SWG-2012-0338 Permitted Plans applies to the Segment C 
pipeline crossing the north 65’ foot Right-of Way of the 29.19  Acre 
WHCRWA Restricted Reserve Tract. Included here for reference only. 
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SECTION I.  GENERAL INFORMATION 

A. Project Name 

West Harris County Regional Water Authority (WHCRWA) Second Source Central Pump 
Station 

B. Applicant Contact Information 

Mr. Wayne Ahrens, P.E., Program Manager 

West Harris County Regional Water Authority 

c/o Dannenbaum Engineering Corporation  

3100 West Alabama 

Houston, Texas 77098 

Phone: (713) 527-6378 

C. Consultant Contact Information 

Ms. Maria Esther Rodriguez, P.E. 

Berg-Oliver Associates, Inc. 

14701 St. Mary’s Lane, Suite 400 

Houston, Texas 77079 

Phone: (281) 589-0898 

D. Financial Assistance Program 

Texas Water Development Board (TWDB) Water Infrastructure Fund 

E. Purpose and Need of the Project 

The purpose of the overall proposed project, including the SSCPS, is to assist the WHCRWA 
reach the requirements of groundwater reduction set by the Harris-Galveston and Fort Bend 
Subsidence Districts (HGSD and FBSD, respectively).  Subsidence, the process of lowering 
(sinking) the land surface by removing subsurface support, has been occurring in parts of the 
upper Gulf Coast region of Texas for several decades.  In recent years, this has become a serious 
and growing concern.  In the Houston-Galveston and Fort Bend County regions, the primary 
cause of subsidence has been the historical compaction of subsurface clay layers as a result of 
groundwater withdrawal.  Zilkoski, Hall, Mitchell, et al. (2001) noted that “in coastal areas, 
subsidence can lead to costly damage in coastal regions because of the relative rise of sea level, 
the associated landward shift of the shoreline, and the increased risk of flooding from storm 
surges. In inland regions subsidence causes several problems, including modifying stream 
gradients and changing the geomorphology of flood plains.” 
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The HGSD and FBSD have determined that the viability of underground aquifers has been placed 
at risk due to increasing water demands from residential, commercial, institutional, professional, 
industrial, and public land uses of the region.  Therefore, the HGSD and FBSD have placed 
requirements for reduction of groundwater use. 

The need for the proposed SSCPS, as part of the water distribution system, is to convey and 
distribute surface water from the Northeast Water Purification Plant to the territory of the 
WHCRWA. 

F. Project Description and Costs 

This Environmental Assessment (EA) has been prepared to assess the potential environmental 
impacts of a proposed Second Source Central Pump Station (SSCPS) near the intersection of Clay 
Road and Fry Road in west Houston, Harris County.  This EA covers only the SSCPS and does 
not include any of the other elements (pipeline and other pumps) of the overall Second Source 
Project as their environmental impacts have been assessed by others.  However, in the interest of 
full disclosure of impacts under the National Environmental Policy Act (NEPA) of 1969, a 
general description of the Second Source Project has been provided. 

 In order to meet the new requirements for conversion of water use from ground to surface 
sources, the WHCRWA, with expected participation from the North Fort Bend Water Authority 
(NFBWA), has begun the planning and construction of a groundwater reduction project, the 
Second Source Project, that will result in two pump stations, an approximately 40-mile long 
Second Source Water Line (SSWL), and associated equipment.  According to the July 2010 
TWDB Financial Assistance Application by WHCRWA, the SSWL “is expected to convey about 
150 million gallons of water per day (MGD) to [a projected Year 2040 population of] 
approximately 880,600 people in the two water authorities”.  As one of the two proposed pump 
stations, the SSCPS would convey and distribute surface water from the Northeast Water 
Purification Plant to the territory of the WHCRWA. 

WHCRWA acquired a 29.19-acre tract for the proposed project site in September 2011.  A 
project location and vicinity map is provided in Appendix A: Project Maps. 

The estimated total cost of the Second Source project is approximately $448,300,000.  Of this 
amount, the WHCRWA is requesting $41,717,700 (approximately 9.3%) from the Texas Water 
Development Board (TWDB) for engineering and environmental services.  The projected 
engineering and environmental cost of the SSCPS is approximately $3,043,700 (approximately 
7.3% of the TWDB funding total). 

Though the Second Source Project has caused an increase of water usage fees for consumers, 
other factors such as permit fees, operation and maintenance expenses, and increasing water 
demands have also influenced the higher rates.  According to WHCRWA, the surface water fee in 
2009 was $1.25 per 1000 gallons.  As of January 2012, this rate was set to $2.15 per 1000 
gallons.  Likewise, groundwater usage fees have also increased from $0.95 per 1000 gallons in 
2009 to $1.75 per 1000 gallons in 2012. 

The estimated completion date for the construction of the SSCPS is February 2017.   
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SECTION II. ENVIRONMENTAL BACKGROUND 

The following information addresses the existing conditions and the physical setting of the 
property which may be affected by the construction of the proposed project. 

A. Existing Environment 

The project area is located within the Gulf Coastal Prairies and Marshes natural region of Texas.  
“This Section is in the Coastal Plains geomorphic province. The predominant landform consists 
of a flat, weakly dissected alluvial plain formed by deposition of continental sediments onto a 
submerged, shallow continental shelf, which was later exposed by sea level subsidence. Along the 
coast, fluvial deposition and shore-zone processes are active in developing and maintaining 
beaches, swamps, and mud flats. Elevation ranges from sea level to 160 feet (0 to 50 m). Local 
relief ranges from 0 to 100 feet.” [McNab and Avers, 1994].  The region has an area of 
approximately 17,400 square miles (11.1 million acres) and stretches from the Sabine River to 
Baffin Bay. 

Annual precipitation ranges from 25 to 55 inches. Temperature averages 69o F.  The growing 
season lasts 280 to 320 days.  Soils are fine to coarse textured, saline, and mostly poorly drained 
with high water tables.  Soils of the marshy areas include acidic sands, sandy loams and clay.   
“The character of the coastline is shaped by the long and continuous confrontation with the sea, 
wind, and rain.  Today rich coastal prairie soils are grazed for cattle production or farmed in rice, 
corn, grain sorghum, and cotton, while the northeastern end of this region is intensively devoted 
to the oil and petrochemical industries” [Winckler, 1982]. 

Photographs of the project area are provided in Appendix B: Site Photographs. 

1. Geological Elements 

 Geology and Faults 

According to the 1992 edition of the Bureau of Economic Geology’s Geologic Atlas of Texas - 
Houston Sheet, the project area is situated on soils derived from the underlying middle 
Pleistocene-aged Lissie Formation.  The soil is a sedimentary feature that consists of sand, silt, 
clay, and some gravel.  The total thickness of the formation is approximately 200 feet.  The 
surface is generally flat and featureless except for numerous rounded shallow depressions and 
pimple mounds.  Pimple mounds1 are widespread on the Gulf Coast.  They are circular knolls, 
generally less than five feet in height and less than 200 feet in diameter.  In most places the soils 
that formed in these mounds have a loamy A horizon, which is typical of soils of the Edna, Katy, 
Aris, Clodine, and Wockley series. 

According to Khan and Engelkemeir (c. 2008), the project is not within an area known to have 
active or inactive faults, though faults do surround the area of the proposed project.  However, the 
proposed project is in an area of subsidence between 14.3 and 45.9 millimeters per year. 

 
                         
1  Bernard, H.A. and R.J. LeBlanc. 1965. Résumé of the Quaternary geology of' the northwestern Gulf of Mexico 

Province.  Quaternary of the U.S. Princeton Univ. Press. Pp 137-185. 



4 

 Soils 

Soil in the vicinity of the proposed project is fairly constant.  A review of the US Department of 
Agriculture Soil Survey of Harris County (1976) and the NRCS Online Soil Datamart indicates 
the proposed project would be constructed on land that falls within the Clodine-Addicks-Gessner 
soil association, which are poorly drained, moderately permeable, nearly level, loamy, prairie 
soils.  The project area is dominated by Katy fine sandy loam soil. 

Characteristics and Details of the Soil 

Katy Fine Sandy Loam.  This is a nearly level soil in broad areas on the coastal prairie.  The 
areas are generally high on the landscape and surround small depressions.  They average several 
hundred acres, but some are several thousand acres in size.  The surface is plane to slightly 
convex.  The slope average is about 0.3 percent. 

The surface layer is friable, medium acid, dark grayish brown fine sandy loam about 10 inches 
thick.  The layer below that is friable, medium acid, brown fine sandy loam that extends to a 
depth of about 28 inches.  The next layer, extending to a depth of more than 65 inches, is very 
firm, slightly acid clay loam mottled with gray, red, yellowish brown, and strong brown. 

Included in the mapping of this soil are small areas of Gessner, Aris, Clodine, Edna, Wockley, 
and Hockley soils, which make up less than 10 percent of any mapped area.  There are low, 
sandy, circular mounds in a few undisturbed areas.  

A soil map for the study area can be found in Appendix A: Project Maps. 

 Prime Farmland 

The site is not considered by the USDA as prime or unique farmland as defined by the Farmland 
Protection Policy Act (FPPA) [Farmland Protection Policy Act, Pub. L. 97-98 Subtitle I, Dec. 22, 
1981, 95 Stat. 1341]. 

The Farmland Protection Policy Act (FPPA) requires identification of proposed actions that 
would affect any farmland.  Projects considered exempt under the FPPA include those that are 
developed, urbanized, or zoned for urban use or do not require additional ROW.  The proposed 
project and surrounding areas are located in an urban environment.  All of the undeveloped land 
is anticipated for residential and commercial uses; therefore, the proposed project is exempt from 
the requirements of FPPA, and no coordination with the NRCS is required. 

 Topography 

Review of the U.S. Department of Interior Geological Survey (USGS) 7.5 minute topographic 
maps was conducted to assess the direction that surface water sheet flow would migrate.  The 
project area lies on the 135-foot contour line of the Addicks Quadrangle and has a nearly flat 
topography that slopes gently and generally in a southeasterly direction towards Bear Creek, 
South Mayde Creek, and Addicks Reservoir. 

A USGS topographic map is contained within Appendix A: Project Maps of this report. 
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2. Hydrological Elements 

This section describes the existing hydrological conditions for the WHCRWA proposed central 
pump station, including groundwater resources and surface water bodies.   

 Groundwater 

The subject property is underlain by the three principal fresh water aquifers: the Chicot, the 
Evangeline, and the Jasper.  These groundwater sources are encountered throughout much of the 
Texas Gulf Coast, including Harris County, and are considered part of the Gulf Coast Aquifer 
System.  The top of the aquifers range approximately from just below ground surface to several 
thousand feet below ground surface.  Few wells have been completed into the Jasper aquifer that 
is Pliocene to Miocene in age.  

The Chicot is the youngest aquifer and is Pleistocene to Holocene in age and is broken into two 
productive units, designated the Upper and Lower Chicot Aquifers.  The Upper Chicot unit, 
comprised of the water-bearing sands in the Beaumont and Upper Lissie Formations, extends to a 
depth of approximately 250 feet below surface.  The Lower Chicot unit, comprised of the water-
bearing sands in the Lower Lissie and the Willis Sand of the Willis Formation, occurs within the 
approximate depth interval of 250 feet to 600 feet below ground surface.   

In general, the aquifers are composed of clay, sand and gravel which were fluvial, deltaic, and 
shallow marine environments that were hydrogeologically connected.  The aquifers are noted for 
their high sand-clay ratio and abundance of water, and are recharged from precipitation that falls 
on the outcrop areas of the formations.  Use of the Chicot Aquifer in the Houston area is limited, 
other than as a water source for domestic or light industrial water supply uses. 

The Evangeline Aquifer, corresponding to the Goliad Sand of the Willis and Fleming Formations, 
represents the principal subsurface water supply source for the City of Houston and surrounding 
communities.  The aquifer is noted for its abundance of good quality groundwater and is 
considered one of the most prolific aquifers in the Texas Coastal Plain.  Individual sand beds are 
characteristically tens of feet thick.  Public water supply wells completed within the Evangeline 
Aquifer in this area are typically screened within a depth interval of 400 feet to 1600 feet below 
ground surface. 

 Surface Water 

There is one flood control channel that is near the proposed project and would likely carry most 
of the storm water runoff from the project site.  Harris County Flood Control District (HCFCD) 
channel U102-23-00 extends eastward from North Fry Road at the proposed project to channel 
U102-00-00 (Bear Creek).  A second channel (U102-04-00) flows northeast to Bear Creek from 
approximately the intersection of Westfield Village Drive and Keith Harrow Boulevard.   

A map showing the various drainage channels in the area of the proposed project is included in 
Appendix A: Project Maps of this report. 

There are no known water rights, interbasin transfers, or related issues that may affect the 
proposed project, and all water usage conforms to all standards and regulations promulgated in 
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the Safe Drinking Water Act of 1974 as amended in 1986 and 1996 and the Clean Water Act 
(CWA) of 1972 as amended in 1977. 

3. Floodplains and Wetlands 

 Floodplains 

To assess the hydrological characteristics of the site, Federal Emergency Management Agency 
(FEMA) Flood Insurance Rate Maps (FIRMs) were evaluated to determine if the proposed 
project study area lies within, or adjacent to, any 100-year and/or 500-year floodplains. 

According to FIRM 48201C0605L (June 18, 2007), the proposed project study area lies entirely 
outside both the 100-year and 500-year floodplains of Bear Creek. 

A FEMA map is included in Appendix A: Project Maps of this report. 

 Wetlands 

Jurisdictional Waters of the United States, specifically wetlands, are regulated by the Clean Water 
Act (CWA) under the authority of the United States Army Corps of Engineers (USACE).  Based 
upon a January 9, 2001 Supreme Court Ruling (SWANCC vs. USACE), isolated wetlands may 
not be considered jurisdictional by the USACE; however, adjacent wetlands, headwaters, 
tributaries, and other Waters of the U.S. remain jurisdictional. 

A wetland delineation was conducted by qualified personnel on May 19, 2011.  The subject 
property was evaluated for its content of jurisdictional wetlands based on criteria set forth in the 
Interim Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Atlantic 
and Gulf Coastal Plain Region (v.2).  Wetlands were identified using interpretation of historical 
aerial photography, topographic maps, and field evaluation of vegetation.  One non-jurisdictional 
drainage ditch and one isolated, non-jurisdictional wetland area were observed within the 
boundary of the proposed 29.19-acre project site.  A copy of the delineation report is included in 
Appendix C: Wetland Delineation Report and documentation of USACE coordination is 
provided in Appendix D: Agency Coordination. 

4. Climatic Elements and Air Quality 

The subject property lies within the Atlantic and Gulf Coast Lowland, Forest and Crop, Land 
Resource Region (LRR).  The climate of the study area is a function of the LRR, which is a 
combination of its geographic setting, meteorology, and terrain.  Geographically, the study area 
lies within the coastal plain.  Climate of the southeast Texas coastal plain is typically subtropical 
during summer months and continental during winter months.  Terrain within the coastal plain is 
made up of a nearly level topography segmented by numerous small streams and bayous.  This 
terrain, together with the proximity to Galveston Bay, causes the relative humidity to remain high 
and occasionally favors the development of fog during the winter and cumulonimbus storm 
clouds in the summer. 

Mean minimum and maximum temperatures range from 44 degrees Fahrenheit in January to 91 
degrees Fahrenheit in July.  The temperatures are moderated by the influence of winds from the 
Gulf of Mexico, which result in mild winters with occasional drops to 32 degrees Fahrenheit or 
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below.  The region experiences cold fronts in winter as cold arctic air moves through the central 
plains into the area.  These periods of intense cold are usually of very short duration.  The 
summer temperature will occasionally reach 100 degrees Fahrenheit or higher. 

Annual rainfall in the region is approximately 53.96 inches.  Prevailing winds are from the south-
southeast at 10-15 miles per hour, except in January when frequent areas of high pressure bring 
invasions of polar air and prevailing northerly winds. 

Occasionally, tropical storms and hurricanes move in from the Gulf of Mexico.  These storms can 
cause major flooding from a combination of precipitation and storm surges making landfall.  The 
vertical wind shear at the periphery of the storm can sometimes spawn tornadoes, increasing the 
damaging effects of the storm event.  Katy, Texas is approximately 60 miles from the open Gulf 
of Mexico.  Generally, damage is offset by the distance the tropical storm travels overland; 
however, major storm events from hurricanes and tropical storms have been known to affect 
Katy.  In the past, the facilities under question have experienced extreme surcharging during 
flooding events, including those caused by tropical storms.  The proposed project is designed to 
withstand large storm events such as hurricanes.  Disturbances to the water distribution system 
would typically include loss of electric power due to wind-related damage to power lines or 
damage to the electric grid system.  Under 30 Texas Administrative Code Chapter 290 
Subchapter D and Chapter 291 Subchapter H, an affected utility including a retail public utility, 
exempt utility, or provider or conveyer of potable or raw water service that furnishes water 
service to more than one customer in a county with a population of 3.3 million or more, or in a 
county with a population of 400,000 or more adjacent to a county with a population of 3.3 million 
or more must demonstrate the utility’s ability to provide emergency operations during extended 
power outages.  The WHCRWA’s backup power is provided by two – 2 MW diesel engine 
generators.  Each of these generators provides power at 4,160 Volts, 3 Phase. 

Meteorological forces have a direct and significant impact on ambient air quality.  The proposed 
project is in an area considered by the Environmental Protection Agency (EPA) to be in severe 
non-attainment for eight-hour ozone.  National Ambient Air Quality Standards (NAAQS) for 
other primary pollutants are not exceeded for the area.  The proposed project site is away from the 
high concentrations of Hazardous Air Pollutants, which are emitted largely by petrochemical 
industries located in the general vicinity of the Houston Ship Channel.  Ambient air quality at the 
project site is therefore considered to be within the parameters established by the Clean Air Act 
(CAA), except during occurrences of elevated ozone levels experienced by the Houston 
Metropolitan Area as a whole.  Therefore, it is assessed that a general conformity analysis is not 
required. 

5. Biological Elements 

 Plant Communities 

A site survey was performed by Berg♦Oliver Associates, Inc. personnel on May 19, 2011.  Based 
upon site investigation, the upland areas were dominated by Bermuda grass (Cynodon dactylon) 
Yankee weed (Eupatorium compositifolium), and southern dewberry (Rubus trivialis).  In wetland 
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areas, the subject property was dominated by a cover of deep rooted sedge (Cyperus entrerianus), 
swamp smartweed (Polygonum hydropiperoides), and sand spikerush (Eleocharis montevidensis). 

 Wildlife Communities 

The area surrounding the location of the proposed project is developed with residential and 
commercial properties.  The predominant wildlife found in areas such as these include species 
that have adapted to urbanized environments.  These include a variety of species: feral domestic 
cats (Felis silvestris catus), feral domestic dogs (Canis lupus familiaris), opossums (Didelphis 
virginiana), raccoons (Procyon lotor), Common Grackle (Quiscalus quiscula), Northern 
Mockingbird (Mimus polyglottos), Song Sparrow (Melospiza melodia), insects (Insecta), and 
rodents (Mus musculus and Rattus).  The subject site likely contains other transient insect, 
reptiles, and avian species. 

 Threatened and Endangered Species 

The objective of the Threatened and Endangered (T&E) Species Assessment is to evaluate the 
potential for the existence of habitat which is considered protected under the Endangered Species 
Act (ESA) of 1973 and subsequent amendments and listings.   A review of the United States Fish 
and Wildlife Service (USFWS) database indicates that the Texas prairie dawn (Hymenoxys 
texana) is either known to occur, or has potential habitat, within the vicinity of the project site.  
This assessment was derived from data provided by the USFWS, Clear Lake Ecological Services 
Field Office. 

Texas prairie dawn (Hymenoxys texana), formally known as Texas bitterweed, is a small, annual 
herb with prominent basal leaves.  Its small yellow flowers appear around mid-March, with seed 
maturation continuing through mid-April.  Most plants are dead by May.  The only known 
populations of this species are associated with Wockley-Gessner and Katy-Aris soils in western 
Harris County and northeastern Fort Bend County.   These soils are nearly level, loamy, prairie 
soils.  

A site survey was performed by Berg♦Oliver Associates, Inc. personnel on December 5, 2011 to 
determine if the subject property contains habitat suitable for the Texas prairie dawn.  Based upon 
the site investigation, the subject property appears to be dense, fallow, and dominated by 
Bermuda grass (Cynodon dactylon) and southern dewberry (Rubus trivialis) and thus, does not 
contain suitable habitat for the Texas prairie dawn listed in Harris County. 

Because of the nature of the project and the fact that the site would be regularly mowed, the 
project area does not contain suitable habitat for any federal- or state-listed species.  In 
conclusion, the proposed project area does not contain suitable habitat for any of the threatened or 
endangered species listed in Harris County. See Table 1 for a list of the Harris County State and 
Federal Threatened and Endangered Species. 
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Table 1: State and Federal Threatened and Endangered Species of Harris County 

Common Names Scientific Names 
State 

Status 
Federal 
Status 

Habitat Description 
Habitat 
Present 

Species 
Impact/
Effect 

AMPHIBIANS 

Houston toad Anaxyrus houstonensis E E† 
Sandy soil, breeds in ephemeral 
pools 

No No 

BIRDS 

American Peregrine Falcon 
Falco peregrinus 
anatum 

T DM† Potential migrant No No 

Arctic Peregrine Falcon 
Falco peregrinus 
tundrius 

SOC DM† Potential migrant No No 

Bald Eagle (Nesting) 
Haliaeetus 
leucocephalus 

T DM Near water areas, in tall trees No No 

Black Rail Laterallus jamaicensis SOC * 
Marshes, pond borders, wet 
meadows, and grassy swamps 

No No 

Brown Pelican Pelecanus occidentalis E DM† Islands near coastal areas No No 

Henslow’s Sparrow Ammodramus henslowii SOC  
Weedy fields, fields with bunch 
grass, vines, and brambles, needs 
bare ground 

No No 

Mountain Plover  Charadrius montanus T T† 
Short grass plains and bare dirt 
(plowed fields) 

No No 

Red-cockaded Woodpecker Picoides borealis E E 

Cavity nests in older pines (60+ 
yrs, forages in younger pines (30+ 
yrs); prefers longleaf, short leaf, & 
loblolly 

No No 

Snowy Plover 
Charadrius 
alexandrinus 

SOC * Coastal winter migrant No No 

Southeastern Snowy Plover 
Charadrius 
alexandrinus 
tenuirostris 

SOC * 
Winter migrant on Texas coast 
beaches, bayside mud or salt flats 

No No 

White-faced Ibis Plegadis chihi T † 
Freshwater marshes, some 
brackish/salt marshes 

No No 

White-Tailed Hawk Buteo albicaudatus T * Coastal Prairies No No 
Whooping Crane Grus americana E E† Winters in Aransas NWR No No 
Wood Stork Mycteria americana T E† Prairie ponds and flooded pastures No No 

FISHES 

American Eel Anguilla rostrata SOC * 
Coastal waterways below 
reservoirs to gulf 

No No 

Creek Chubsucker Erimyzon oblongus T * 
Variety of small rivers and creeks, 
prefers headwaters 

No No 

Smalltooth sawfish Pristis pectinata E E† 
Sheltered bays, shallow banks, 
estuaries and river mouths 

No No 

MAMMALS 

Louisiana Black Bear 
Ursus americanus 
luteolus 

T T† 
Bottomland hardwoods; large, 
undisturbed forested areas 

No No 

Plains Spotted Skunk 
Spilogale putorius 
interrupta 

SOC † 
Open fields, prairies, croplands, 
fencerows, farm yards, brush areas, 
and tall grass prairies 

No No 

Rafinesque’s big-eared bat 
Corynorhinus 
rafinesquii 

T * 
Bottomland hardwood cavity trees, 
concrete culverts, abandoned 
buildings 

No No 

Red Wolf Canis rufus E E† 
Extirpated; brushy/forested areas, 
coastal prairies 

No No 

Southeastern myotis bat Myotis austroriparius SOC  
Bottomland hardwood cavity trees, 
culverts, abandoned buildings 

No No 
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Table 1: State and Federal Threatened and Endangered Species of Harris County 

Common Names Scientific Names 
State 

Status 
Federal 
Status 

Habitat Description 
Habitat 
Present 

Species 
Impact/
Effect 

MOLLUSKS 

Little spectaclecase Villosa lienosa SOC * 

Creeks, rivers, and reservoirs, 
sandy substrates, slight to 
moderate flows, along banks in 
slower currents 

No No 

Louisiana pigtoe Pleurobema riddellii T * 
Streams & moderate-sized rivers, 
mud, sand, and gravel 

No No 

Sandbank pocketbook Lampsilis satura T * 
Rivers with moderate to swift 
flows, gravel-sand, and sand 

No No 

Texas pigtoe Fusconaia askewi T * 
Rivers with mixed mud, sand, and 
fine gravel in protected areas. 

No No 

Wabash pigtoe Fusconaia flava SOC * 
Creeks to rivers, mud, sand, and 
gravel, moderate to swift currents 

No No 

REPTILES 

Alligator Snapping Turtle 
Macrochelys 
temminckii 

T * 
Water bodies with mud bottom and 
abundant vegetation 

No No 

Green Sea Turtle Chelonia mydas T T† Gulf and bay system No No 

Gulf Saltmarsh Snake Nerodia clarkia SOC * 
Saline flats, coastal bays, brackish 
river mouth 

No No 

Kemp’s Ridley Sea Turtle Lepidochelys kempii E E† Gulf and bay system No No 
Leatherback Sea Turtle Dermochelys coriacea E E† Gulf and bay system No No 
Loggerhead Sea Turtle Caretta caretta T T† Gulf and bay system No No 

Louisiana pine snake Pituophis ruthveni T C† 
Mixed deciduous-longleaf pine 
woodlands 

No No 

Smooth Green Snake Liochlorophis vernalis T * 
Gulf Coastal Plain; mesic coastal 
shortgrass prairie vegetation 

No No 

Texas Horned Lizard Phrynosoma cornutum T † 
Open, semi-arid regions, with 
bunch grass 

No No 

Timber/Canebrake 
Rattlesnake 

Crotalus horridus T * 
Swamps/floodplains of 
hardwood/upland pine 

No No 

VASCULAR PLANTS 
Coastal Gay-feather Liatris bracteata SOC * Coastal prairie grasslands No No 
Giant Sharpstem Umbrella-
sedge 

Cyperus cephalanthus SOC * on saturated, fine sandy loam soils 
or on heavy black clay 

No No 

Houston Daisy Rayjacksonia aurea SOC * 
Barren, sparsely vegetated saline 
slicks, pimple mounds, on sandy to 
sandy loam. 

No No 

Texas Meadow-rue Thalictrum texanum SOC * 
woodlands and woodland margins 
on sandy loam, on pimple mounds, 
clay pan savannahs 

No No 

Texas prairie dawn Hymenoxys texana E E 
Poorly drained areas in open 
grasslands; pimple mounds 

No No 

Texas Windmill Grass Chloris texensis SOC * Sandy to sandy loam soils in bare 
areas 

No No 

Threeflower Broomweed Thurovia triflora SOC * Low vegetation, on light colored 
silt or fine sand over saline clay. 

No No 

* These species occur on the State listing of threatened or endangered species; however, they are not federally listed at this time by the 
U.S. Fish and Wildlife Service (USFWS, 2010). 

† These species are listed by the U.S. Wildlife Service; however, they are not listed to occur within this county by the Clear Lake office 
of the USFWS (2010). 

-- Not listed for Texas Parks and Wildlife Department for this county (10/29/10) 
E = endangered   T = threatened   H = historical occurrence   I = introduced population   C = candidate species   
SOC = species of concern    DM = delisted taxon, recovered, being monitored first five years   
AD = proposed delisting    SAT = similarity of appearance to a threatened taxon D = delisted taxon 
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A check of Texas Parks and Wildlife Department’s (TPWD) “live” version of the Natural 
Diversity Database (NDD) was performed on February 7, 2012.  According to the NDD, 
sightings of the Plains Spotted Skunk have been recorded within a 1.5-mile radius of the proposed 
project area (Table 2).  Additionally, sightings for the Texas prairie dawn have been recorded 
approximately 2.6 miles southeast from the proposed project area.   

The Texas prairie dawn (Hymenoxys texana), as previously stated, is a small herb that grows in 
sparsely vegetated areas ("slick spots") at the base of pimple mounds or other nearly barren areas 
on slightly saline soils in coastal prairie grasslands.  The Plains Spotted Skunk (Spilogale 
putorius interrupta) could be found in a variety of habitat, from open fields to croplands to 
farmyards but prefers wooded, brushy areas and tallgrass prairie. 

Site reconnaissance did not reveal a presence or habitat of either of these species within the 
proposed project area.  Therefore, a determination of “No Effect” has been made in regards to 
federally-listed species; coordination with the USFWS is not required. 

However, it should be noted that an absence of data for a particular species does not mean an 
absence of occurrence for threatened, endangered, and rare species.  

Table 2: NDD Occurrences 

Common Name Scientific Name EO ID Distance 
(miles) 

Texas prairie dawn Hymenoxys texana 385 2.6  

Plains Spotted Skunk Spilogale putorius interrupta 7469 1.4 

 

 Aquatic Communities 

The proposed project is located west of Bear Creek, which supports a small amount of aquatic 
wildlife.  This body of water provides habitat for amphibians, aquatic snakes, turtles, alligators, 
and small fish.  

6. Cultural Resources 

Coordination with the Texas Historical Commission (THC) was initiated February 14, 2012 (See 
Section VII - Consultation).  No impacts to cultural resources should occur as a result of this 
project.  

7. Socioeconomic/Environmental Justice Issues  

The Civil Rights Restoration Act (CRRA) of 1987 and the EO 12898, signed on February 11, 
1994, require all Federal agencies to identify and address, as appropriate, disproportionately high 
and adverse human health or environmental effects of programs, policies and activities on 
minority (black, Hispanic, Asian, or American Indian and Alaskan Native) and low-income 
(means a household income at or below the 2012 Department of Health and Human (DHHS) 
Services poverty guideline of $23,050 for a family of four) populations.  A study regarding 
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adverse impacts for the proposed project was conducted.  The results of the study are presented 
below. 

The U.S. Census Bureau defines a block group as a subdivision of a census tract.  It is the 
smallest geographic unit for which the Census Bureau tabulates sample data.  A block group 
consists of all the blocks within a census tract with the same beginning number.  For example, 
Block Group 3 of any census tract consists of all blocks within a census tract numbering from 
3000 to 3999.  The bureau defines a census tract as a small, relatively permanent statistical 
subdivision of a county.  Census tract boundaries normally follow visible features, but may 
follow governmental boundaries and other non-visible features. Tracts are designed to be 
relatively homogeneous units with respect to population characteristics, economic status, and 
living conditions at the time of establishment.  

It is important to note that complete data for the State of Texas from the 2010 decennial U.S. 
census is not available at this time.  As such, the population, race, and ethnicity data used for this 
analysis is drawn from the 2010 U.S. census, but portions of the income and limited English 
proficiency data have been obtained from the 2000 U.S. census. 

The 2010 projected populations from the 2012 TWDB State Water Plan are consistent with actual 
population data from the 2010 U.S. Census for the surrounding project area.  As such, the 2010 
U.S. Census data is reasonable to apply for this analysis. 

 Demographics 

Table 3 below shows the demographic characteristics for the proposed project area as well as the 
median income for the area. 

In accordance with Title VI of the Civil Rights Act of 1964 and EO 12898, data on the presence of, 
and effects to, minority and low-income populations have been analyzed for the proposed project. 
Minority populations include racial minorities (i.e., Black, Native American, Asian) or an ethnic 
minority (i.e., Hispanic, regardless of race).  Minority populations are found throughout the census 
geographies that represent the project corridor. 

According to the 2010 U.S. Census, the demographic make-up of the project area varies with high 
ethnic populations.  No population is reported in Block 1048.  The percent population of non-
Hispanic whites within the other three blocks around the project area ranges from 15.8 percent to 
23.7 percent.  This range is somewhat lower to the percentages for non-Hispanic whites in both 
Houston and Harris County and comparable to the percentages of the block groups and census 
tracts.  Among the three populated blocks, the Black population ranges from 14.8 percent to 24.3 
percent, which is similar to the reported percentages for the block groups, census tracts, Houston, 
and Harris County.  Between the range of 49.3 percent to 56.2 percent, the population within the 
blocks identify themselves as Hispanics/Latinos.  This range is higher than those percentages 
reported for the Houston and Harris County communities but is relatively similar to the block 
group and census tract percentages.  Although the highest concentration of Hispanics/Latinos in 
the project area is in Block 2018 at 52.6 percent, the other two populated blocks indicate the same 
strong presence of this ethnic population.  The Asian population ranges from 2.2 percent to 7.3 
percent among the three populated blocks; this is fairly consistent with the percentages shown for 
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the block groups, census tracts, Houston, and Harris County.  The remaining populations in the 
project area are 0 percent to 1.1 percent except the “Two or more” population, which presents a 
slightly higher range from 1.2 percent to 4.5 percent. 

Low-income populations include populations whose household income is at or below the 
annually issued U.S. Department of Health and Human Services (HHS) poverty guidelines.  The 
2012 HHS poverty guideline for a family of four is $23,050.  As shown in Table 3, the median 
income for households within the project area (presented as block groups within Census tracts) 
ranged from $48,654 to $58,939, which exceeds the 2012 HHS poverty guideline. 

Table 3: Population, Race, Ethnicity and Income Characteristics, 2000 and 2010 Censuses 

 2010 2000 

2010 [2000] 
Census    

Geographies 
Total  
Pop’n 

Race (%) 

Ethnicity 
(%) 

 
Hispanic 

Median 
Household 

Income 
(1999) 

       

White Black Indian Asian Islander Other Two 

Harris County 4,092,459 33.0 18.4 0.2 6.1 0.1 0.2 1.2 40.8 $42,598 

Houston 2,099,451 25.6 23.1 0.2 5.9 0 0.2 1.1 43.8 $36,616 
CT 5421.01 
[CT 5421] 17,754 19.9 19.8 0.1 4.1 0.1 0.2 1.6 54.2 $63,109 

BG 2 [BG 3] 9,117 21.8 15.3 0.1 4.0 0.2 0.3 1.5 57.0 $48,654 

Block 2018 506 23.7 14.8 0 7.3 0 0.4 1.2 52.6 --

Block 2034 268 18.7 24.3 0 2.2 1.1 0 4.5 49.3 --
CT 5422 
[CT 5422] 16,532 26.1 20.3 0.1 3.9 0.1 0.3 2.1 47.1 $57,896 

BG 1 [BG 1] 7,578 27.0 19.9 0.1 4.6 0.1 0.2 2.2 45.9 $58,939

Block 1048 0 0 0 0 0 0 0 0 -- --

Block 1049 620 15.8 23.1 0.5 6.9 0 0.8 3.1 49.8 --

Sources:  2010 Census Summary File 1 and Demographic Profile Summary File; 2000 Census Summary File 3; 2010 Census American Community 
Survey Table 817001. 

Notes:  CT = Census Tract, BG = Block Group, % = Percentage, -- = No data. 
           Income and language-speaking data only available at the Block Group level and above. 
            Population, race, and ethnicity data from 2010 Census; income and language-speaking data from 2000 Census. 

 

 Limited English Proficiency/Linguistic Isolation (LEP/LI) 

Executive Order 13166 "Improving Access to Services for Persons with Limited English 
Proficiency" requires all recipients of federal funds to provide meaningful access to persons who 
are limited in their English proficiency (LEP). The United States (U.S.) Department of Justice 
defines LEP individuals as those "who do not speak English as their primary language and who 
have a limited ability to read, write, speak, or understand English" (67 FR 41459). Data about 
LEP populations was gathered in the U.S. Census 2000. For data analysis purposes, the Census 
divides the states of the United States into counties, divides counties into tracts and divides tracts 
into block groups. 
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Within area block groups, Census data record the presence of persons who describe their ability 
to speak English as less than "Very Well." Table 4 below shows the percentages of adults who 
speak English less than "Very Well" by language category. Additionally, 117 households or 7.4% 
of households within area block groups reported to the Census that their household was 
linguistically isolated, meaning that all household members over the age of fourteen had at least 
some difficulty with English. Thus, Census data indicate the presence of LEP populations. 

Table 4: Percent of Adult Speakers Who Speak English Less than Very Well 

2000 Census Geographies 
Total Adult 
Population 

Spanish 
Language 
Speakers 

Other Indo 
European 
Language 
Speakers 

Asian and 
Pacific Island 

Language 
Speakers 

Other 
Language 
Speakers 

CT 5421 6,068 9.1% 0.8% 1.4% 0.0% 

BG 3 1,869 20.0% 2.0% 1.0% 0.0% 

CT 5422 2,772 12.7% 1.6% 1.8% 0.0% 

BG 1 1,590 18.2% 2.2% 0.4% 0.0% 

Houston 1,419,723 18.9% 1.0% 2.5% 0.3% 

Harris County 2,418,438 15.8% 0.9% 2.3% 0.2% 

State of Texas 14,977,890 12.6% 0.5% 1.1% 0.1% 

Data Source: U.S. Census 2000 (Table P19) as of February 9, 2008 for persons age 18 and older. 

* The data on ability to speak English represent the Census respondent's own perception about his ability to speak English (United States Census 2000 
Metadata). 

 

Since LEP is partially defined as a limited ability to read and write English, literacy data were 
also consulted.  Indirect literacy estimates for adults were calculated by the National Center for 
Education Statistics based on 2003 survey data for states and counties.  The percentage of adults 
who lack basic prose literacy skills for Harris County and Texas are 21% and 19%, respectively.  
While literacy estimates do not differentiate between low literate English speakers and low 
literate LEP populations, literacy data should be considered along with other LEP indicators in 
determining how to best provide access to LEP populations.  

To supplement Census and literacy data, area school district (ISD) data were consulted for 
indicators of LEP populations.  School districts collect data on the number of English Language 
Learners as defined by each state's Department of Education and migrant students as defined in 
34 CFR 200.81(d).  For school year 2005-06, Cypress-Fairbanks ISD and Katy ISD respectively 
reported 14.1% and 11.2% of students as English Language Learners and unknown percentage 
and unknown percentage as migrant students.  In conclusion, the data indicate the likelihood of 
LEP populations in the area. 

To determine the languages of the LEP populations, Census data were consulted for project area 
tracts.  Table 5 below details the top five languages spoken by the total adult population (LEP 
and non-LEP) for each tract. 
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Table 5: Top Five Languages Spoken by the Adult Population 
2000 Census 
Geographies Language 1 Language 2 Language 3 Language 4 Language 5 

CT 5421 
English 
71.0% 

Spanish/Spanish 
Creole 
22.1% 

Vietnamese 
1.9% 

Tagalog 
1.3% 

Other Slavic 
Languages 0.7% 

CT 5422 
English 
68.9% 

Spanish/Spanish 
Creole 
25.4% 

Urdu 
1.9% 

Vietnamese 
1.8% 

Other Indo-
European 
Languages 

0.6% 

Source: U.S. Census 2000 SF3 PCT10 for persons age 18 and older. 

 

Therefore, the block groups data indicate the presence of a Spanish language group that exceeds 
the Department of Justice's Safe Harbor threshold of 5% or 1,000 persons. In accordance with the 
Safe Harbor provisions, written translations of vital documents will be provided for the LEP 
language group in addition to other measures assuring meaningful access.  Thus, the requirements 
of Executive Order 13166 appear to be satisfied. 

 Financial and Community Conditions Affecting Project 

No financial or community conditions around the project area would adversely affect the project.  
Conversely, all persons among the various community groups, which are fairly distributed among 
the surrounding area of the proposed project location, would share equally in the effects (positive 
and negative) of the project. 

8. Land Use 

The purpose of the pump station, as part of the Second Source Project, is to accommodate 
projected population growths, and subsequently increasing water demands, within the next 30 
years.  The proposed project is located in Harris County, Texas within the extraterritorial 
jurisdiction (ETJ) of the City of Houston.  The adjacent properties are owned by multiple small 
owners and consist of single-family residential uses and vacant lands.  Although the area was 
historically utilized for rice farming, livestock pasture and other agricultural land uses, there does 
not appear to be any agricultural land use within or adjacent to the project area.  All of the 
undeveloped land on or around the proposed project area and other aspects of the Second Source 
Project are located in an urban environment anticipated for residential and commercial uses.  
Therefore, there are no prime or unique farmland soils within or adjacent to the area of the 
proposed project.  No homes or vacant lands will suffer permanent negative impacts as a result of 
the proposed project. 

 Zoning and Land Use Inventory 

The City of Houston does not have zoning or land use regulations; therefore, the project area is 
not subject to these types of ordinances. 

A land use inventory was prepared for all land within a one-mile radius of the project area.  The 
following sections describe the major land uses near the proposed project. 
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 Residential 

Much of the land use within a one-mile radius of the project area is classified as residential.  The 
majority of these structures are single-family units. 

 Vacant Land  

The land use surrounding the project to the south and west is classified as vacant lands.  The site 
and surrounding lands were historically agricultural; however, the remaining open land on and 
surrounding the project are now vacant, undeveloped land. 

 Institutional 

Several institutional land uses are scattered throughout the one-mile radius surrounding the 
project area.  These institutional land uses consist primarily of schools, with several churches and 
volunteer fire departments.  The closest institutional land uses are approximately 0.5 miles away 
from the project boundary to the northeast, southeast, and west.  

The land use map in Appendix A: Project Maps show the project area in relation to existing 
development. 

9. Other Projects and Programs 

There are no other known projects and programs in the area that are anticipated to affect the 
proposed project or its alternatives. 

10. Site Assessment  

Site reconnaissance was conducted by BOA on December 27, 2011.  Residential development 
lies north of a petroleum pipeline easement which bounds the tract to the north.  A 
petroleum pipeline easement and vacant land bounds the tract to the south.  Open, vacant, 
fallow land is along the western boundary while the project site is bound by Fry Road on the 
east.  The vicinity of the property is characterized by expanding residential.  The property is 

transected from east to west by a former agricultural drainage ditch.  Additional subsurface 
(buried) lines or utilities or pipelines, though not readily observed or identified, may exist within 
the project area. 

 Findings and Conclusions 

A Phase I Environmental Site Assessment (ESA) was performed in conformance with the scope 
and limitations of American Society for Testing and Materials (ASTM) Practice E1527-2005 of 
the SSCPS project located in Houston, Harris County, Texas.  

Site reconnaissance for the Phase I ESA project area was conducted on December 27, 2011. No 
evidence of dumping, major staining, or odors was noted within the project area. 

The proposed site is situated in an area characterized by single-family residential development 
and vacant land.  No adjoining facilities were observed that appear likely to cause environmental 
impairment to the subject site. 
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The radius search revealed no identified hazardous materials sites or facilities within the 
minimum ASTM Standard search distance of the project site.  That is, this assessment has 
revealed no evidence of recognized environmental conditions in connection with the property. 

During any construction activity, there exists some potential to encounter contaminated soil or 
water.  Should hazardous material or substances be encountered, construction should be halted 
and appropriate personnel notified. Construction in an affected area should not be continued until 
it is verified that conditions can be considered protective of site workers and human health and 
environment. 

11. Water Quality Issues 

This section discloses water quality issues as they relate to discharges from wastewater treatment 
or solid water facilities; surface or groundwater appropriations for potable water treatment 
facilities; groundwater protection programs - sole source aquifers and recharge areas; and water 
quality degradation from temporary construction activities. Water quality changes can impact 
other environmental resources such as wetlands, wildlife populations, and others. These impacts 
can also reach a considerable distance beyond the project location. The possible effects that the 
proposed project and alternatives considered could have on water quality are addressed in this 
section. 

The proposed project is not anticipated to impact waters within the proposed project area.  The 
project would not produce any discharges from wastewater treatment or solid water facilities, 
including treatment facilities.   The proposed project does not involve groundwater protection 
programs.  All TCEQ and EPA guidelines regarding water quality would be followed.   

B. Future of the Environment without the Proposed Project 

Subsidence, the process of lowering (sinking) the land surface by removing subsurface support, 
has been occurring in parts of the upper Gulf Coast region of Texas for several decades.  In recent 
years, this has become a serious and growing concern.  The purpose of the Second Source 
Project, and therefore the proposed SSCPS project, is to meet the groundwater reduction 
mandates by the subsidence districts due to these concerns in the region.  If these mandates are 
not met, subsidence will worsen over time.  It is likely that if the Second Source project, along 
with the SSCPS, is not implemented, severe damaging effects of subsidence as previously 
described in Section I – General Information would be realized. 

SECTION III. ALTERNATIVES TO THE PROPOSED ACTION 

A. Alternative Solutions 

The evaluation of the alternatives is based on the requirements to limit groundwater production 
and thereby reduce subsidence, especially with anticipated future water demands.  By 2040, 
approximately 880,600 people are projected to reside within the territories of the WHCRWA and 
NFBWA according to the July 2010 TWDB Financial Assistance Application by WHCRWA.  
The Second Source project would service the needs of this population and convey about 150 
MGD through the 40-mile SSWL with one pump station servicing each territory. 
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The two alternatives that were assessed for the SSCPS project included: 

(1) the no-build alternative and 

(2) the construction of a new pump station. 

B. Alternative Evaluations 

The SSCPS is an integral part of the Second Source project and would convey and distribute the 
surface water from the Northeast Water Purification Plant to the WHCRWA region.  Without a 
pump station, there is no other proposed means to deliver water from the SSWL to that area.  The 
absence of a pump station also inhibits the objectives of the Second Source project.  Therefore, 
the no-build alternative was ruled out. 

The second alternative, the construction of a new pump station, is the remaining alternative.  The 
proposed location was chosen because of limited availability of land within the area of service 
and for the size needed.  Secondly, the site location is hydraulically favorable with respect to the 
proposed water distribution system.  The proposed site’s location adjacent to the proposed 
pipeline ROW was also a consideration.  The area for the proposed project would be designed to 
minimize or avoid environmental impacts. 

SECTION IV.     ENVIRONMENTAL IMPACTS OF THE PROPOSED PROJECT  

A. Primary Impacts 

The following section describes the environmental impacts that can be attributed directly to the 
proposed SSCPS construction and operation. 

1. Direct Impacts 

The following information addresses the anticipated direct impacts to environmental concerns. 

 Wetlands 

A wetland delineation was conducted during site reconnaissance on May 19, 2011.  
Approximately 0.33 acres of a non-jurisdictional drainage ditch and approximately 1.31 acres of 
an isolated, non-jurisdictional wetland area were observed within the 29.19-acre project 
boundary.  Impacts to these two features are anticipated based on preliminary design.  
Coordination efforts with the USACE, the final authority on jurisdictional status, has been 
initiated; if required, appropriate USACE coordination for permitting would take place, as 
needed, prior to construction. 

 Socioeconomics 

Social and economic impacts would result from the proposed project.  Creation of jobs because of 
the proposed project would provide persons opportunities to function as productive citizens of the 
community.  The construction period would generate economic productivity in terms of the 
construction jobs created, induced personal income, new payrolls, and the purchasing of 
materials, supplies and services during the construction and operational phases of the project.  
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The influx of construction workers (consumers) would also stimulate business for establishments, 
such as restaurants and gas/convenience stores, in the area. 

 Sedimentation and Erosion Control Measures for the Watercourses 

No construction activity is proposed within the limits of any watercourse.  Special attention 
would be paid to protect the watercourses from receiving sediment runoff during construction.  
Any discharges of soil and sediment displaced during construction would be permitted with EPA 
under the Texas Pollutant Discharge Elimination System (TPDES) Permit.  The TPDES Storm 
Water Pollution Prevention Plan (SW3P) would contain provisions for fabric sediment fencing, 
erosion control, and other best management practices (BMPs) to assure that soil and sediment 
discharge would be minimized during and after construction activities.  Erosion control measures 
following construction would consist of seeding for grass vegetation cover on all exposed soil 
resulting from construction.  Degradation of water quality is not anticipated.  If any degradation 
occurs it would be minor and temporary in nature. 

 Watercourse Dredging, Tunneling and Trenching 

No dredging, tunneling or trenching is proposed in, or adjacent to, any watercourse for the 
construction of this project. 

 Cover Vegetation Protection 

At the site of the proposed pump station, there is no vegetation that is in need of protection.  
Therefore, all vegetation would be cleared and graded where necessary.   

 Clearing Measures 

The areas requiring clearing would be cut and possibly burned onsite.  Should burning activities 
occur, all applicable local, state, and federal permits and regulations would be met. 

 Soil and Vegetative Spoil Disposal 

At this time, no soil or vegetative spoil is intended to be removed from the site. All excavation 
and fill operations are to be balanced on site.  Any vegetative spoil which is not removed by the 
burning operations, would be re-spread on site to allow for re-vegetation.  Should off-site disposal 
become necessary, the material would be hauled from the site and properly disposed of in a 
landfill, or other permitted form of disposal, in accordance with all applicable local, state, and 
federal laws. 

 Land Acquisition 

WHCRWA has already acquired a 29.19-acre tract for the proposed project.  The construction of 
the pump station is not anticipated to cause any impact to adjacent property land values. 

 Bypassing 

At this time, bypassing of the water flow is not required or anticipated during construction.  
Should the need for bypassing arise during construction, the Project Engineer would be notified 
immediately and all applicable local, state, and federal requirements would be met.   
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 Fugitive Dust Control Measures 

The required use and movement of mechanized equipment for construction purposes is likely to 
cause fugitive dust.  However, fugitive dust from construction work would be temporary and 
would cease with the conclusion of the project.  Also, the fact that residents and wildlife are 
aware of periodic natural dust incursions suggests that they would be tolerant of temporary 
fugitive dust.   

During construction, measures would be taken to control dust.  All mechanized equipment would 
be properly maintained.  The use of mechanized equipment would be limited to essential need 
and would be parked or moved away when not in use.  Filter fabric would be provided to address 
small dust problems generated by the construction traffic.  In the event of extremely dry 
conditions, the exposed ground areas would be regularly watered to minimize the creation of dust. 
A stabilized construction entrance/exit would be provided to remove soil from the construction 
vehicles prior to their entrance onto the public streets. 

Dust control measures following construction would consist of seeding for grass vegetation cover 
on all exposed soil resulting from construction.   

 Noise 

The proposed project would be constructed in a residential area; therefore, some homeowners 
may experience some degree of construction noise.  Noise effects would be temporary and would 
result from construction machinery associated with construction of the project, but this would be 
limited to the daylight hours.  Some of the native wildlife would also be disturbed by the noise.  
However, because of the relatively small geographical size of the proposed project, wildlife 
would not have to travel and relocate at a significant distance as a result of the project.  The 
immediate area contains abundant surrounding habitat sufficient to accommodate any minor 
relocations without impact to nesting and foraging resources.  The vegetation within the project 
limits, and within the immediate area, is not unique to this region. Therefore, noise levels from 
the proposed project should not deter wildlife or the adjacent land owners from enjoyment of 
their properties. 

 Blasting Impacts 

No blasting activities are proposed as part of the construction of this project. 

 Traffic Safety 

Construction traffic would be limited to the daylight hours and would be required to comply with 
the posted speed limits.  Traffic control will be in accordance with the most current Manual on 
Uniform Traffic Control Devices for Streets and Highways, published by the US Department of 
Transportation (USDOT), Federal Highway Administration (FHA), including any revisions or 
additions, and/or associated provisions in the project plans.   

No detours or lane closures are anticipated in conjunction with the project.  To the greatest and 
most safe and efficient extent possible, access to all residential and commercial properties would 
be maintained.  Where possible, alternative direct access would be provided to all residential and 
commercial properties whose primary access is restricted; however, where such access is not 
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possible, parking would be provided in areas as close as possible to the affected property.  If any 
side road, lane, and driveway closures or partial restrictions are warranted, then it would be 
temporary and would cease with completion of the project.   Lane closures would be coordinated 
with the City of Houston, and efforts would be made to keep impacts to a minimum.   

 Night Work 

No construction activity is proposed during the night.  The facilities would operate 24 hours a day 
upon completion, however there is no noise associated with the pump station.  

2. Indirect Impacts 

The following information addresses the potential indirect impacts to environmental concerns. 

 Land Use 

No long-term changes in land use are anticipated due to the construction of the proposed project.  
The adjacent surrounding area is currently residential and commercial.  There are no schools, 
churches, cemeteries, historic structures and sites, archaeologically significant sites, or sites 
having exceptional aesthetic quality that are anticipated to experience inconvenience or difficulty 
of access because of the project. 

 Aesthetics 

The proposed pump station will be constructed adjacent to a residential subdivision and off Fry 
Road.  Preliminary design includes six large tanks in the proposed layout.  Though the tanks 
would be tall enough to be seen at eye level, reasonable efforts will be made to minimize their 
presence to the residential community and passing motorists.  Professional architectural services 
would be acquired to design aesthetically-pleasing security fencing where visible to the public.   

 Wind Patterns and Odor Sources 

Wind patterns and odor sources are not a concern for the proposed SSCPS as this project does not 
involve any waste treatment or similar facilities that would cause increases in air-borne odors.  

 Effluent or Sludge Land Applications  

Effluent or sludge land application impacts are not a concern for the proposed project.     

 Aquatic Life 

Impacts of the project on water quality would be minimal and for a short duration during the 
construction activities.  A potential impact could be an increase in suspended sediment 
temporarily associated with construction activities. Construction activities would occur in well-
vegetated upland areas with low gradient topography and distant from any public water supplies.  
Potential erosion and sedimentation would be controlled by good construction management 
practices, on-site inspections during construction, and by seeding of disturbed areas at the 
completion of construction.  A TPDES Notice of Intent (NOI) would be filed with the EPA and a 
SW3P would be in place prior to commencement of construction activities.    
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 Effects of Flow Diversion 

Flow diversion is not a concern for the proposed project because the project would not result in 
the diversion of flows between basins. 

 Cultural Resources 

To perform the necessary cultural resources survey, background and site file research was 
performed.  Background literature search included a review of both archaeological site files and 
architectural resource files and a review of previously conducted cultural resource surveys in the 
vicinity.  The archaeological investigations associated with the current undertaking were designed 
to identify and record the existence of cultural resources, prehistoric and historic, within the 
defined project boundaries. These field methods also facilitated the collection of data needed in 
order to determine whether additional investigations would be required to evaluate the potential 
eligibility of any newly defined cultural resources for inclusion on the NRHP or as a SAL. 

One previously identified cultural resources survey has been performed on the border of the 1.6-
kilometer (1-mile) study radius of this project.  A 6.4-hectare (15.9-acre) area survey of the 
Cypress-Fairbanks ISD Elementary school was done in 2007 by South Texas Archeological 
Research Services, LLC for the Department of Education.  It is located north-northwest of the 
project area.  This survey produced negative results for cultural deposits.  Another area survey 
was done in 2007 just outside the study radius. It was performed by Moore Archaeological 
Consultants, Inc. for the Harris County Flood Control District.  Sixty shovel tests were excavated 
along 2.9 kilometers (1.8 miles) along Bear Creek, and all tests proved negative for cultural 
deposits.  No further work was recommended. 

Based on the negative results of the survey, no further archaeological work was recommended, 
and the project is suggested to be allowed to proceed as planned.  These findings and 
recommendations have been forwarded for concurrence from THC. 

 Threatened and Endangered Species 

The proposed project would have no long-term negative effects on Threatened and Endangered 
Species for several reasons.  First, although there are a number of species in Harris County that 
are known to have habitat in the vicinity of the proposed project, the site location itself does not 
contain suitable habitat for any of the threatened and endangered species.  Second, the proposed 
project would not construct any features that could prevent migratory activities of any species.   

 Noise 

The impact of the project on noise levels would be minimal.  Ambient noise levels are expected 
to temporarily rise in the daylight hours during the construction period.   

 Insect Control 

Culex mosquitoes are a common nuisance in Harris County.  No specific insect control methods 
are proposed at this time.  Should they become necessary, all applicable local, state, and federal 
regulations would be followed, especially with the application of pesticides. 
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 Floodplains 

According to FIRM 48201C0605L (June 18, 2007), the proposed project study area lies entirely 
outside both the 100-year and 500-year floodplains of Bear Creek.  Therefore, it would not result 
in any increase in the 100-year floodplain.  The project is located in Harris County which is a 
participant in the National Flood Insurance Program, as is the City of Houston.   

 Socioeconomics and Environmental Justice Populations 

The project vicinity has a high percentage of minorities and a very low chance of people living at 
or below the poverty level.  The proposed project would equally benefit all residents (current and 
future) of northwestern Harris County and would not disproportionately impact any minority or 
low-income populations or interfere with any program or policy for special needs groups.  Also, 
impacts to environmental justice populations are not anticipated with the project.  The proposed 
project fully complies with EO12898 on environmental justice, dated February 11, 1994, 
directing that programs, policies, and activities not have a disproportionately high and adverse 
human health or environmental effect on minority and low-income populations.  

As the proposed project would not have any temporary or permanent impacts to community 
cohesion or the economic viability of adjacent business and would not require the displacement of 
any home or business nor acquire ROW from any home or business, impacts to socioeconomic 
groups are not anticipated with the project. 

 Air Quality 

Air quality impacts are not a concern for the proposed project.  The proposed project would not 
generate emissions.  The amount of time that maintenance personnel would spend at the site with 
idling vehicles would not be enough to seriously degrade ambient air quality.   

 Energy Consumption and Treatment Chemicals 

Energy consumption and treatment chemical impacts are not a concern for the proposed project.  
The project does not include any treatment facilities; therefore, treatment chemicals would not be 
consumed at the facilities other than for regular and routine maintenance.   

B. Secondary Impacts 

The proposed project would have no direct impacts from the construction or operation of the 
proposed project.  Secondary impacts are those which may result from indirect or induced 
changes caused by the proposed project. 

 Impacts of Future Development on Land Use 

The proposed SSCPS would convey and distribute surface water from the water purification plant 
to the WHCRWA territory.  Population changes or associated land use impacts are not expected 
to occur as a result of the construction of the pump station itself. 

 Floodplain and Wetlands 

The construction of the proposed SSCPS would not have an impact by encouraging more 
development of the area.  The project area lies outside of the 100-year floodplain and was 
observed to contain isolated, non-jurisdictional wetlands within its boundary.  Therefore, the 
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proposed project would not have a significant impact on promoting future growth into existing 
floodplains or wetlands. 

 Threatened or Endangered (T&E) Species 

The proposed project is not anticipated to have direct or indirect impacts on T&E species of 
Harris County, as the available habitat either lacks specific essential components required by each 
species, or the species is not known to occur in these portions of the county.  

 Critical Habitats 

According to the USFWS, critical habitat is a specific geographic area(s) that contains features 
essential for the conservation of a threatened or endangered species and that may require special 
management and protection.  Critical habitat has not been designated within or adjacent to the 
proposed project for any of the other T&E species listed in this document.  

 Any Other Environmentally Sensitive Areas  

There are no other environmentally sensitive areas located within the proposed project. 

C. Beneficiaries and Non-beneficiaries 

The July 2010 TWDB Financial Assistance Application by WHCRWA indicates approximately 
195 Municipal Utility Districts (MUDs) from both the WHCRWA and NFBWA would receive 
water from the Second Source project, which includes the proposed pump station.  The current 
and future populations within the two water authorities would benefit from this project. 

No plans of public involvement have been made at this time.  Opportunities for public 
participation, in which community members are given the opportunity to comment on the 
proposed project, will be determined at a later date. 

Consumers in the WHCRWA service area have experienced increasing water usage rates over the 
years.  Varying factors, including the implementation of the Second Source Project, have caused 
the higher fees.  According to WHCRWA, the surface water fee in 2009 was $1.25 per 1000 
gallons, and this rate increased to $2.15 per 1000 gallons in 2012.  Likewise, groundwater usage 
fees increased from $0.95 per 1000 gallons in 2009 to $1.75 per 1000 gallons in 2012. 

SECTION V.  ADVERSE IMPACTS WHICH CANNOT BE AVOIDED SHOULD 
THE PROJECT BE IMPLEMENTED 

This environmental assessment indicates a finding of no significant impact (FONSI) would be 
expected from the construction and maintenance of the proposed SSCPS.  

A. Project Impacts 

1. Vegetation 

The vegetation located within the immediate project area would be disturbed by the construction 
of the treatment facilities.  Vegetation and landscape features in the project area mirror adjacent 
habitat in general vegetation and landscape.  The project area would not impact a large 
geographical area; thus, no significant adverse impacts to wildlife habitats or ranges are 
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anticipated by the construction of this project.  See previous sections for specific types of wildlife 
in this area.  

2. Wildlife 

Within the area of the proposed pump station, there are no anticipated impacts to the wildlife.  
However, if any wildlife species displacements were to occur, they would be absorbed by the 
surrounding identical habitat.  Construction and operation of the proposed project would not 
impact avian species or other wildlife usage of suitable project area habitats.   

Excavated material not used for post-construction re-contouring of affected areas would be 
collected and removed; thus, no incidental impacts from excavation to the surrounding habitat are 
anticipated.  Construction equipment ingress and egress from the project area would take place on 
a cleared roadway on site. The potential for incidental or permanent mechanical impacts to the 
area is very low. 

3. Wetlands 

No impacts to any jurisdictional Waters of the U.S. or wetlands are anticipated during 
construction.  However, approximately 0.33 acres of a non-jurisdictional drainage ditch and 
approximately 1.31 acres of an isolated, non-jurisdictional wetland area would be impacted based 
on preliminary design. 

4. Water Quality 

An identified water quality issue would be potential increases in suspended sediment temporarily 
associated with construction activities.  Construction activities would occur in well-vegetated 
upland areas with low gradient topography.  Potential erosion and sedimentation would be 
controlled by good construction BMPs, on-site inspections during construction, and by seeding of 
disturbed areas at the completion of construction.  A TPDES Notice of Intent would be filed with 
the EPA and a SW3P would be in place prior to commencement of construction activities.    

No construction activity is proposed within the limits of any watercourse.  Special attention 
would be paid to protect streams from receiving sediment runoff during construction.  Any 
discharges of soil and sediment displaced during construction would be permitted with the EPA 
under the TPDES Permit.  The TPDES SW3P would contain provisions for fabric sediment 
fencing, erosion control, and other BMPs to assure that soil and sediment discharge would be 
minimized during and after construction activities.  Erosion control measures following 
construction would consist of seeding for grass vegetation cover on all exposed soil resulting 
from construction.  Degradation of water quality is not anticipated.  If any degradation occurs, it 
would be minor and temporary in nature. 

5. Air Quality and Ambient Noise Levels 

The proposed project should not have a significant impact on the air quality or ambient noise 
levels. 
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The facility would operate 24 hours a day upon completion.  There would be minimal noise 
associated from the pumps operating within the building during routine operation.  There would 
be increased noise levels at various times during the construction phase of the project, but this 
would be limited to the daylight hours.  Some of the native wildlife could be disturbed by the 
noise and may relocate. The immediate area contains abundant surrounding habitat sufficient to 
accommodate any minor relocation without adverse impact.  The noise levels from the completed 
facilities are not anticipated to deter wildlife or the adjacent land owners. 

6. Aesthetics 

The proposed pump station will be constructed adjacent to a residential subdivision and off Fry 
Road.  Preliminary design includes six large tanks in the proposed layout.  Though the tanks 
would be tall enough to be seen at eye level, reasonable efforts will be made to minimize their 
presence to the surrounding general public.  One effort, for instance, would be to obtain 
professional architectural services to design an aesthetically-pleasing security fence where visible 
to the public.  Therefore, minimal impacts to the project area aesthetics are anticipated.  

B. Other Impacts not Covered by Previous Sections 

No evidence exists that would indicate potential adverse impacts to any other physical resources 
not identified in previous sections.  

SECTION VI.  RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF 
MAN’S ENVIRONMENT AND MAINTENANCE AND ENHANCEMENT OF 
LONG-TERM PRODUCTIVITY 

In the preparation of this EA, it is required that the relationship between short-term use and the 
maintenance of long-term productivity be addressed.  Upon initiation of the construction process, 
the project site would be used as a construction site.  The construction period would generate 
economic productivity in terms of the construction jobs created, induced personal income, new 
payrolls, and the purchasing of materials, supplies and services during the construction and 
operational phases of the project. 

Cumulative effects of the construction and operation of the pump station, as part of the Second 
Source Project, would include achieving the groundwater reduction requirements mandated by 
the subsidence districts and providing water for the continued growth of the project’s service 
area.  Utilizing surface water instead of groundwater sources would alleviate the occurrence and 
potential damaging effects of subsidence in the region while meeting the increasing water 
demands from a growing population.  This would have far-reaching long-term positive effects. 

SECTION VII.  CONSULTATION 

This section is to be completed after the public process and review by agencies and interested 
parties are complete. 
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A. Agency and Public Comments  

 Agency Comments 

Requests for review and comments were sent to agencies on May 24, 2012.  See Table 6 for a list 
of the agencies which have been sent the correspondence.  Several agencies have requested and 
will be provided a copy of the Environmental Assessment report. 

Table 6: Agency Responses 
Contact Information Response 

City of Houston, Department of Public Works and Engineering 
Daniel W. Krueger, Director 

City of Houston 
Department of Public Works and Engineering 

611 Walker 
Houston, Texas  77002 

Awaiting comment 

North Fort Bend Water Authority 
Peter Houghton, President 

North Fort Bend Water Authority 
3200 Southwest Freeway, Suite 2600 

Houston, Texas  77027 

Awaiting comment 

Harris County 
County Judge Ed Emmett 

Harris County 
1001 Preston, Suite 911 
Houston, Texas  77002 

Awaiting comment 

Harris-Galveston Subsidence District 
Ron Neighbors, General Manager 
Harris-Galveston Subsidence District 

1660 West Bay Area Boulevard 
Friendswood, Texas  77546 

Awaiting comment 

Texas Parks and Wildlife Department 
Mike Morgan 

Texas Parks and Wildlife Department 
1502 FM 517 Road E 

Dickinson, Texas  77539 

Awaiting further comment* 

U.S. Army Corps of Engineers 
Chief Dolan Dunn 

U.S. Army Corps Engineers 
Galveston District – Planning, Environmental 

and Regulatory Division 
CESWG-PE-R 
P.O. Box 1229 

Galveston, Texas  77553-1229 

A USACE project manager and number have been provided for 
further correspondence/submittals. 

U.S. Fish and Wildlife Service 
Edith Erfling 

U.S. Fish and Wildlife Service 
Clear Lake Ecological Services Field Office 

17629 El Camino Real #211 
Houston, Texas  77058-3051 

USFWS coordination required if assessment by qualified individual 
determines potential impact to listed species and/or critical habitat; 

otherwise, no coordination or further action with USFWS is 
necessary.* 

Texas Historical Commission 
Mark S. Wolfe 

Texas Historical Commission 
108 West 16th Street 
Austin, Texas  78701 

Antiquities Code of Texas Review - 
No survey required.  Project may proceed. 

*Note: These agencies were initially contacted during research activities specifically regarding T&E species during EA preparation. 
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 Public Comments 

No plans of public involvement have been made at this time.  Opportunities for public 
participation, in which community members are given the opportunity to voice objections, 
complaints, problems, or comments with the proposed project, will be determined at a later date. 

B. Agency Coordination 

Documentation of required coordination with the appropriate regulatory or review agencies is 
presented in Appendix D: Agency Coordination. 
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SECTION IX.  PREPARERS 

This Environmental Assessment was prepared for, and submitted to, Dannenbaum Engineering 
on behalf of the West Harris County Regional Water Authority by BOA.  The following 
personnel of BOA were involved in the preparation of this study, as witnessed by the signatures 
below. 

 

 

 

 
 
 
 
 
Copies Submitted: 1

Maria Esther Rodriguez, P.E. 
Project Engineer 
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APPENDIX B: SITE PHOTOGRAPHS 



Site Photographs 

 
Typical view of northern section of property bordering residential development. 

 
Northern section of property adjacent to utility easement. 

 
Access road through center of property. 



 
Southern section of property adjacent to gas pipeline easement. 

 
Facing east on western property boundary. 

 
Facing west on eastern property boundary. 
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SUMMARY 

 
 
A Wetland Assessment and Delineation was performed for West Harris County Regional Water Authority, 29.19 
acres located at 4655 ½ Fry Road, Harris County, Katy, Texas. 
 
The subject property was evaluated for its content of jurisdictional wetlands, based on criteria set forth in the 
Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Atlantic and Gulf Coastal Plain 
Region (v.2).   Using interpretation of historical aerial photography, topographic maps, hydrology indicators, and 
field evaluation of hydric soils, hydrology, and hydrophytic vegetation, wetlands were identified and delineated as 
accurately as possible. 
 
Topographical information published by the United States Geological Survey (USGS) indicates a nearly level 
landscape with stormwater runoff flowing generally towards the north.  The Federal Emergency Management 
Agency (FEMA) floodplain maps published in 2006 indicate that none of the subject property lies within the 100-
year floodplain of Bear Creek.  
 
The Natural Resources Conservation Service (NRCS), formerly the Soil Conservation Service, Soil Survey of 
Harris County were, for the most part, reasonably accurate in identifying the basic soil type on the property as Katy 
fine sandy loam (Kf). These mappings were verified by field soil surveys. 
 
Vegetation communities were evaluated and documented to delineate wetland and upland boundaries.  In upland 
areas, the subject property was dominated by Bermuda grass (Cynodon dactylon), Yankee weed (Eupatorium 
compositifolium), and southern dewberry (Rubus trivialis). In wetland areas, the subject property was dominated 
by a cover of deep rooted sedge (Cyperus entrerianus), swamp smartweed (Polygonum hydropiperoides), and 
sand spikerush (Eleocharis montevidensis). 
 
Based on the wetland delineation presented in this report and the data collected using a Global Positioning System 
(GPS) satellite equipment, it is our conclusion that 1.64 acres of the subject property's total acreage would be 
classified as isolated, “Non-Jurisdictional” wetlands. More specifically 1.31 acres would be classified as “Wetlands 
of the U.S.” and 0.33 acres would be considered “Waters of the U.S.”. 
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JURISDICTIONAL WATERS OF THE UNITED STATES 
WETLAND ASSESSMENT 

DETERMINATION AND DELINEATION 
 
* 

 
29.19 ACRES 

4655 ½ FRY ROAD 
HARRIS COUNTY, KATY, TEXAS 77449 

 
INTRODUCTION 

 
The study reported herein is a Wetland Assessment Determination and Delineation Study for West Harris County 
Regional Water Authority, on an undeveloped tract of property at 4655 ½ Fry Road, Katy, Texas 77449.  The 
subject property consists of 29.19 acres of land in Harris County, Texas.  
 

AUTHORIZATION 
 
This study was performed as authorized by Wayne Aherns, PE, Program Manager on behalf of West Harris 
County Regional Water Authority.  
 

SITE LOCATION 
 
The subject property is located at 4655 ½ Fry Road in northwestern Harris County, Katy, Texas.  The subject 
property is depicted more specifically in the site maps located in the appendices of this report.  
 

SCOPE OF WORK 
 

The objective of this Wetland Assessment Determination and Delineation Study was to evaluate the subject 
properties for jurisdictional wetlands in accordance with Section 404 of the Clean Water Act and current 
regulations and policies of the U. S. Army Corps of Engineers (USACE).  The following evaluations were 
performed for this project: 
 

1. Vegetation Indicators:  Evaluation for the presence or absence of hydrophytic vegetation 
(waterplants) that is typically adapted to wetlands and determine the vegetative patterns that are 
prevalent within the site, or specific areas within the site. 

 
2. Soil Indicators:  Determination for the presence or absence of soils that would be classified as hydric. 

 

BERG    OLIVER ASSOCIATES, INC. 
Environmental Science, Engineering & Land Use Consultants 

14701 St. Mary’s Lane, Suite 400 
Houston, Texas 77079 
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3. Hydrology Indicators:  Evaluation of the hydrological features of the site with respect to water 
accumulation and wetland development. 

 
4. Historical Characteristics:  Evaluation of historical information to determine the existence and 

development of wetland features over extended periods of time. 
 

METHODOLOGY/INVESTIGATIVE WORK 
 

Wetland Analysis and Delineation work consisted of reviews of published historical information, as well as 
detailed site reconnaissance, to evaluate the subject properties for the presence or absence of jurisdictional 
wetlands according to criteria set forth in the Regional Supplement to the Corps of Engineers Wetland 
Delineation Manual: Atlantic and Gulf Coastal Plain Region (v.2).  The following activities were undertaken to 
perform the wetland delineation: 1) review county soil maps; 2) review Federal Emergency Management Agency 
(FEMA) floodplain maps; 3) review United States Geological Survey (USGS) topographic maps; 4) interpret 
current and historical aerial photography; and 5) perform site reconnaissance to evaluate and document soil, 
hydrology, and vegetation indicators. 
 
1. Soil Survey Evaluation: 
 
Prior to site reconnaissance activities, the Soil Survey of Harris County, Texas (1976) was reviewed to determine 
the types of soils that would most likely be present on the subject property.  The soil delineation indicated that the 
dominant soils on the site were of the Katy Soil Association.  Specifically, these soils were identified as Katy fine 
sandy loam (Kf).  
 
Katy fine sandy loam (Kf) consists of deep, acid, nearly level loamy soils on coastal prairies.  The soils have a 
surface layer of fine sandy loam about ten inches thick underlain with fine sandy loam and clay loam under layers 
to approximately sixty-five inches.  This soil is somewhat poorly drained and surface runoff tends to be slow to 
very slow.  Permeability is very slow, internal drainage is slow and the available water capacity is high.  Katy fine 
sandy loam (Kf) is not considered a hydric soil and is not normally associated with a "wetland." 
 
Given the criteria and techniques employed by the Natural Resources Conservation Service (NRCS), formerly 
known as the Soil Conservation Service, for the survey process, it was considered probable that the boundaries 
depicted on the survey could contain certain inaccuracies.  The minimum mapping area for any given soil in the 
NRCS survey is ten (10) acres, with the probability of imprecise boundary delineation being relatively high.  
Therefore, as part of site reconnaissance activities, on-site soil evaluations were performed to describe, classify, 
and document the hydric, or non-hydric, characteristics of the primary soils on the subject property.    
 
2. Floodplain Evaluation: 
 
To assess the hydrological characteristics of the site, current published FEMA maps were evaluated to determine if 
the property lies within, or adjacent to, the 100 and/or 500-year floodplain.  Due to the low topographic grades 
found on the Gulf Coast, periodic floods are common along rivers, creeks and bayous.  These floods, along with 
rainfall and subsurface flow, are the primary sources of hydrology for wetlands located inland of immediate coastal 
areas. In addition to FEMA maps, probable flow patterns and evidence of inundation and/or periods of saturation 
in potential wetland areas were evaluated on-site. 
 
3. Topography Evaluation: 
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Investigative activities also included observations of the property’s general topography and the location of 
landscape features such as depressions, ridges, and levees.  These features could determine wetland patterns and 
their associated hydrological functions.  Topography was evaluated by reviewing: 1) topographical information 
published by the USGS; 2) aerial photography; and 3) on-site observations. 
 
4. Aerial Photography Evaluation: 
 
Wetlands generally occur as historical features on the landscape and usually maintain their basic configurations 
and appearances over a long period of time.  However, vegetation communities naturally progress through several 
stages of predominance as wetlands age and mature.  Additionally, topographical and hydrological characteristics 
may be changed by natural processes or by man-induced alterations in or near wetland areas.  While field 
verification remains essential to wetland identification and delineation, historical aerial photography can play a 
vital role in the evaluation of wetland features and the variations, which may occur over extended periods of time.  
Aerial photography was used extensively in the evaluations made on the subject properties.  A variety of sources 
were used to provide photographic coverage of the area, including large-scale infrared photographs, color 
photographs, and black and white photographs. 
 

1. Infrared Photography: High-altitude infrared photographs provide views of the subject 
properties as a complete unit where areas and systems of high water content become more 
easily defined.  Such areas are slightly cooler than the surrounding areas and will appear on the 
false color imagery as variations in shading.  

 
2. Color Photography:  Color photographs provide contrasts in shading from lower altitudes that 

can assist in the identification of vegetation patterns and development that should be verified in 
the field. 

 
3. Methodology of Interpretation: A color photograph from 2010 was analyzed for vegetation 

patterns that might distinguish wetland areas.  This photograph was compared with infrared 
photography from 2004 and 1995.  Areas which consistently appeared as possible wetlands 
were marked for field confirmation.  The same process also identified areas that appeared as 
marginal or upland.  From these photographic interpretations, a preliminary “rough” delineation 
pattern was established and incorporated into planned field reconnaissance. 

 
5. Transects: 
 
Based upon methodology described on page 63 of Interim Regional Supplement to the Corps of Engineers 
Wetland Delineation Manual: Atlantic and Gulf Coastal Plain Region (v.2) transects must be performed on 
properties greater than five (5) acres in size.  With the use of aerial photography, topographic maps and a 
boundary survey, a baseline was determined parallel to the major watercourse and/or to the hydrologic gradient. 
The north property boundary was chosen as the baseline. The baseline was then divided into equal segments 
and transects performed beginning at a random location within each segment and perpendicular to the 
established baseline. 
 
6. Site Reconnaissance: 
 
The primary method of wetland identification and delineation was site reconnaissance activity that would identify 
and document the conditions that existed on the subject properties as related to jurisdictional wetlands.  The site 
visits were performed to target the following specific areas: 1) soil surveys and geology; 2) topography and 
hydrology; and 3) vegetation. 
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The site was visit on May 19, 2011 by personnel from BergOliver Associates, Inc.  Using the diagnostic criteria 
set forth in the Interim Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Atlantic 
and Gulf Coastal Plain Region (v.2) for sampling hydrology, soils and vegetation, the sites were evaluated for the 
presence of wetlands that would be classified as Jurisdictional Waters of the United States.  As part of a 
comprehensive assessment of the property, upland (non-wetland) areas were identified and sampled according to 
the Interim Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Atlantic and Gulf 
Coastal Plain Region (v.2) as well. 
 
Soil samples were documented and fully described according to NRCS staff (1991) criteria and were classified as 
either hydric or non-hydric.  Numerous additional undocumented observations were made to define and establish 
trends or to verify aerial photo interpretation and/or NRCS mappings. 
 
During site survey activities for soil identification, dominant plant life and vegetation communities were sampled, 
identified and documented for correlation with soil and hydrology data.  As each soil description was made, 
dominant vegetation was recorded for the respective area.  Representative samples were collected as necessary for 
specific sites and were identified.  Attempts were made to comprehensively observe and document plant 
communities and species for all areas of the property, with special focus on those plants that would be considered 
associated with wetlands. 
 
Site reconnaissance activities also included observations of the general topography of the properties and the 
landscape positions of depressions, ridges, levees, and other features that could determine wetland patterns and 
their associated hydrological features.  A total of twelve (12) samples were documented and fully described 
according to the Interim Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Atlantic 
and Gulf Coastal Plain Region (v.2). 
 

FINDINGS 
 
1. Geology and Soils: 
 
Geologically, the subject property is underlain by the Lissie Formation.  Formed during the Pleistocene era, this 
formation crops out extensively throughout Harris County.  The Lissie Formation is characterized by a gently 
sloping relief and punctuated by shallow, undrained depressions of varying sizes.  Hydric soils on the Lissie 
Formation are generally confined to these depressions and other large, less frequently occurring depressional 
flats.  Soils on the site matched the descriptions given in the NRCS Soil Survey of Harris County, Texas report as 
Katy fine sandy loam (Kf). The survey was reasonably accurate in identifying the basic types of soils found on the 
properties and depicting significant areas of hydric soils.  
 
Documentation of soil descriptions and classifications from each of the sample areas are presented in the Data 
Forms contained in Appendix E of this report.  
 
2. Topography and Hydrology: 
 
USGS maps indicate a near level landscape with storm water runoff flowing generally south.  FEMA maps display 
the documented flood zones of various water bodies. FEMA information published in 2009 indicates that the 
subject property does not lie within the 100-year floodplain of Bear Creek. 
 
Copies of these maps are included in Appendix B. 
 



 
 

BergOliver Associates, Inc.  
BOA Job No. 8449WD12 

 

3. Vegetation: 
 
Vegetation communities were evaluated and documented to delineate wetland and upland boundaries.  In upland 
areas, the subject property was dominated by Bermuda grass (Cynodon dactylon), Yankee weed (Eupatorium 
compositifolium), and southern dewberry (Rubus trivialis). In wetland areas, the subject property was dominated 
by a cover of deep rooted sedge (Cyperus entrerianus), swamp smartweed (Polygonum hydropiperoides), and sand 
spikerush (Eleocharis montevidensis). 
 
As with the methods employed during soil survey activities, specific documentation was made in order to identify 
representative vegetation patterns within certain areas.  Records of plant descriptions and classifications from each 
of the sample areas are presented in the Data Forms contained in Appendix E of this report.  
 
4. GPS Data: 
 
Over 180 GPS positions were collected to generate the information and features found on the wetland delineation 
map.  Cumulative Frequency Distribution comparing RTCM data with post processed data (DGPS) indicates that 
95% of all positions are accurate to less than 1.0 meter (sub-meter accuracy). 
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CONCLUSIONS 

 
Based on the wetland delineation presented in this report and the data collected using a Global Positioning System 
(GPS) satellite equipment, it is our conclusion that 1.64 acres of the subject property's total acreage would be 
classified as isolated, “Non-Jurisdictional” wetlands. More specifically 1.31 acres would be classified as “Wetlands 
of the U.S.” and 0.33 acres would be considered “Waters of the U.S.”. 
 
 
 
 
 
 
 
 
 
Shanon Mathis       David Sherrill 
Project Manager        Director of Land-Use and Permitting 
BergOliver Associates, Inc.      BergOliver Associates, Inc. 
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APPENDIX A 
LOCATION MAPS 
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APPENDIX B 
GEOLOGICAL MAPS 
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APPENDIX C 
AERIAL PHOTOGRAPHY 
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APPENDIX D 
SITE PHOTOGRAPHY 



 
 

Typical view of northern section of property bordering residential development 

 

Northern section of property adjacent to utility ROW. 



 
 

Access road through center of property 

 

Southern section of property adjacent to gas pipeline ROW. 



 
 

Facing east on western property boundary. 

 

Facing west on eastern property boundary. 
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APPENDIX E 
U.S. ARMY CORPS OF ENGINEERS ROUTINE DATA FORMS 



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T2-3
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838096 Long: -95.7213 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 60 x 3 = 180
5 FACU species 40 x 4 = 160
6 UPL species x 5 =
7 Column Totals: 100  (A)    (B) 340

Total Cover Prevalence Index = B/A = 3.4
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 15 FAC
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Rubus trivialis

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Shrub Stratum (_________)

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Triadica sebifera

Total % Cover of: Multiply by:



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

                                   
                                   
                                   

                                   
                                   
                                   

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T2-4
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838564 Long: -95.72133 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 60 x 3 = 180
5 FACU species 40 x 4 = 160
6 UPL species x 5 =
7 Column Totals: 100  (A)    (B) 340

Total Cover Prevalence Index = B/A = 3.4
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 15 FAC
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Rubus trivialis

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Shrub Stratum (_________)

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Triadica sebifera

Total % Cover of: Multiply by:



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

                                   
                                   
                                   

                                   
                                   
                                   

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T2-5
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838845 Long: -95.72133 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T2-6
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.839443 Long: -95.72136 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Trcat City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T2-end
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.839615 Long: -95.72135 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T2-ST
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.83675 Long: -95.72116 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 15 x 3 = 45
5 FACU species 40 x 4 = 160
6 UPL species x 5 =
7 Column Totals: 55  (A)    (B) 205

Total Cover Prevalence Index = B/A = 3.72
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 55

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1
2
3
4
5

Total Cover

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T3-1
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.839143 Long: -95.7231 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T3-2
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838795 Long: -95.72308 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T3-3
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838357 Long: -95.72308 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 60 x 3 = 180
5 FACU species 40 x 4 = 160
6 UPL species x 5 =
7 Column Totals: 100  (A)    (B) 340

Total Cover Prevalence Index = B/A = 3.4
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 15 FAC
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Triadica sebifera

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T3-4
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.837603 Long: -95.723 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 45 x 3 = 135
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 105  (A)    (B) 375

Total Cover Prevalence Index = B/A = 3.57
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T3-5
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.83702 Long: -95.72293 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 45 x 3 = 135
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 105  (A)    (B) 375

Total Cover Prevalence Index = B/A = 3.57
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T3-End
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.836735 Long: -95.72293 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 45 x 3 = 135
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 105  (A)    (B) 375

Total Cover Prevalence Index = B/A = 3.57
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T3-st
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.839411 Long: -95.72312 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point Up A
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838169 Long: -95.71949 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 45 x 3 = 135
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 105  (A)    (B) 375

Total Cover Prevalence Index = B/A = 3.57
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point Up B
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838349 Long: -95.72186 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Rubus trivialis

Cynodon dactylon
Cyperus entrerianus

Shrub Stratum (_________)

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Total % Cover of: Multiply by:



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

                                   
                                   
                                   

                                   
                                   
                                   

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point Wet A
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.837922 Long: -95.71945 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes X No

Yes X No Yes X
Yes X No No

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) x Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) x FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: Area was adjacent and within existing pipeline ROW.



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species 20 x 1 = 20
3 FACW species 30 x 2 = 60
4 FAC species 25 x 3 = 75
5 FACU species x 4 =
6 UPL species x 5 =
7 Column Totals: 75  (A)    (B) 155

Total Cover Prevalence Index = B/A = 2.06
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 X Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 OBL
2 15 FAC 
3 30 FACW
4 10 FAC 
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1
2
3
4
5

Total Cover

Cyperus entrerianus
Eleocharis montevidensis                      
Iva annua                                               

Shrub Stratum (_________)

Hydrophytic Vegetation Present?  Yes _X___  No ____
Remarks: (If observed, list morphological adaptations below).

Juncus effusus                                       

Total % Cover of: Multiply by:



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

                                   
                                   
                                   

                                   
                                   
                                   

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point Wet B
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838356 Long: -95.7222 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes X No

Yes X No Yes X
Yes X No No

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) x Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) x FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: Area was adjacent and within existing pipeline ROW.



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species 20 x 1 = 20
3 FACW species 30 x 2 = 60
4 FAC species 45 x 3 = 135
5 FACU species x 4 =
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 215

Total Cover Prevalence Index = B/A = 2.26
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 X Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 OBL
2 15 FAC 
3 30 FACW
4 10 FAC 
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Rubus trivialis

Cyperus entrerianus
Eleocharis montevidensis                      
Iva annua                                               

Shrub Stratum (_________)

Hydrophytic Vegetation Present?  Yes _X___  No ____
Remarks: (If observed, list morphological adaptations below).

Juncus effusus                                       

Total % Cover of: Multiply by:



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

                                   
                                   
                                   

                                   
                                   
                                   

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures



Project Site: 29.19 acre tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T1-1
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.839442 Long: -95.72015 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T1-2
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.839035 Long: -95.72013 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T1-3
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838529 Long: -95.72012 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 45 x 3 = 135
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 105  (A)    (B) 375

Total Cover Prevalence Index = B/A = 3.57
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Rubus trivialis

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Shrub Stratum (_________)

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Total % Cover of: Multiply by:



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

                                   
                                   
                                   

                                   
                                   
                                   

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T1-4
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.838139 Long: -95.72011 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 45 x 3 = 135
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 105  (A)    (B) 375

Total Cover Prevalence Index = B/A = 3.57
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Rubus trivialis

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Shrub Stratum (_________)

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Total % Cover of: Multiply by:



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

                                   
                                   
                                   

                                   
                                   
                                   

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T1-5
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.837718 Long: -95.72007 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 45 x 3 = 135
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 105  (A)    (B) 375

Total Cover Prevalence Index = B/A = 3.57
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Rubus trivialis

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Shrub Stratum (_________)

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Total % Cover of: Multiply by:



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

                                   
                                   
                                   

                                   
                                   
                                   

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T1-6
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.837538 Long: -95.72005 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes X No

Yes X No Yes X
Yes X No No

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) x Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) x FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: Area was adjacent and within existing pipeline ROW.

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species 40 x 1 = 40
3 FACW species 30 x 2 = 60
4 FAC species 25 x 3 = 75
5 FACU species x 4 =
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 175

Total Cover Prevalence Index = B/A = 1.84
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 X Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 OBL
2 15 FAC 
3 30 FACW
4 10 FAC 
5 20 OBL
6

7
8
9
10
11
12

Total Cover 95

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1
2
3
4
5

Total Cover

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes _X___  No ____
Remarks: (If observed, list morphological adaptations below).

Juncus effusus                                       

Shrub Stratum (_________)

Cyperus entrerianus
Eleocharis montevidensis                      
Iva annua                                               
Polygonum hydropiperoides                 



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T1-End
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.837466 Long: -95.72004 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 15 x 3 = 45
5 FACU species 40 x 4 = 160
6 UPL species x 5 =
7 Column Totals: 55  (A)    (B) 205

Total Cover Prevalence Index = B/A = 3.72
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 55

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1
2
3
4
5

Total Cover

Cynodon dactylon
Cyperus entrerianus

Shrub Stratum (_________)

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Total % Cover of: Multiply by:



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

                                   
                                   
                                   

                                   
                                   
                                   

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T1-start
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.839751 Long: -95.72013 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 35 x 3 = 105
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 95  (A)    (B) 345

Total Cover Prevalence Index = B/A = 3.63
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4
5
6

7
8
9
10
11
12

Total Cover 75

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T2-1
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.836962 Long: -95.72118 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 45 x 3 = 135
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 105  (A)    (B) 375

Total Cover Prevalence Index = B/A = 3.57
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



Project Site: 29.19 Acre Tract City/County Harris Sampling Date: 5/19/2011
Applicant/Owner WHWA State: TX Sampling Point T2-2
Investigator: Berg-Oliver Associates, Inc. Section/Range:
Landform (hillslope, terrace, etc.): Local relief (concave, convex, none): Slope (%):
Subregion (LRR or MLRA): LRR T Lat: 29.837301 Long: -95.72123 Datum: NAD 83

Soil Map Unit Name: Katy fine sandy loam (Kf) NWI classification: UPL
Are climatic/hydrologic conditions on the site typical for this time of year? Yes X No (If no, explain in Remarks)

Are Vegetation Soil or Hydrology significantly disturber?
Are Vegetation Soil or Hydrology naturally problematic? (If needed, explain any answers in Remarks)

Are "Normal Circumstances" present? Yes X No
SUMMARY OF FINDINGS- Attach site map showing sampling point locations, transects, important features, ect.
Hydrophytic Vegetation Present? Yes No X

Yes X No Yes
Yes X No No X

Wetland Hydrology Indicators: Secondary Indicators (minimum of two required)
Primary Indicators (minimum of one is required: check all that apply) Surface Soil Cracks (B6)

Surface Water (A1) Water-Stained Leaves (B9) Sparsely Vegetated Concave Surface (B8)

High Water Table (A2) Aquatic Fauna (B13) Drainage Patterns (B10)

Saturation (A3) Marl Deposits (B15) (LLR U) Moss Trim Lines (B16)

Water Marks (B1) Hydrogen Sulfide Odor (C1) Dry-Season Water Table (C2)

Sediment Deposits (B2) x Oxidized Rhizospheres on Living Roots (C3) x Crayfish Burrows (C8)

Drift Deposits (B3) Presence of Reduced Iron (C4) Saturation Visible on Aerial Imagery (C9)

Algal Mat or Crust (B4) Recent Iron Reduction in Tilled Soils (C6) Geomorphic Position (D2)

Iron Deposits (B5) Thin Muck Surface (C7) Shallow Aquitard (D3)

Inundation Visible on Aerial Imagery (B7) Other (Explain in Remarks) FAC-Neutral Test (D5)

Field Observations:

Surface Water Present? Yes No X Depth (inches)

Water Table Present? Yes No X Depth (inches) Wetland Hydrology Present?
Saturation Present? Yes No X Depth (inches) Yes x
(include cappillary fringe) No

Wetland Hydrology Present?
Hydric Soils Present? Is the Sample Area 

within a Wetland?
Remarks:

HYDROLOGY

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks: 

BERG-OLIVER ASSOCIATES, INC.                                               
ROUTINE WETLAND DETERMINATION DATA FORM



Vegetation- Use scientific names of plants

Tree Stratum (Plot Sizes:________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Dominance Test Worksheet:

1 Number of Dominant Species (A)
2 That Are OBL, FACW, or FAC:
3
4 Total Number of Dominant (B)
5 Species Across All Strata:
6
7 Percent of Dominant Species (A/B)

Total Cover That Are OBL, FACW, or FAC:

Sapling Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Prevalance Index Worksheet:

1
2 OBL species x 1 =
3 FACW species x 2 =
4 FAC species 45 x 3 = 135
5 FACU species 60 x 4 = 240
6 UPL species x 5 =
7 Column Totals: 105  (A)    (B) 375

Total Cover Prevalence Index = B/A = 3.57
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status Hydrophytic Vegetation Indicators:

1 Dominance Test is >50%

2 Prevalence Index < 3.01

3 Problematic Hydrophytic Vegetation1 (Explain)
4
5 1Indicators of hydric soil and wetland hydrology must be present.

6
7

Total Cover

Herb Stratum (_________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FACU
2 40 FACU
3 15 FAC
4 10 FAC
5
6

7
8
9
10
11
12

Total Cover 85

Woody Vine Stratum (________)
Absolute 
% Cover

Dominant 
Species?

Indicator 
Status 

1 20 FAC
2
3
4
5

Total Cover 20

Total % Cover of: Multiply by:

Hydrophytic Vegetation Present?  Yes ____  No _X___
Remarks: (If observed, list morphological adaptations below).

Eupatorium compositifolium                 

Shrub Stratum (_________)

Cynodon dactylon
Cyperus entrerianus
Baccharis halimifolia

Rubus trivialis



SOIL
Profile Desription: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Depth 
(inches)        %             %         Type1        Loc2       Texture  
0-4 90 10 D PL/M sandy clay
4-20" 85 15 D PL/M sandy clay

                                                                                    
                                                                                    
                                                                                    
                                                                                    
                                                                                    

1Type: C= Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains 2Location: PL=Pore Lining, M=Matrix

Hydric Soil Indicators: Indicator for Problematic Hydric Soils3:
         Histol (A1)          Polyvalue Below Surface (S8) (LRR S, T, U)

         Histic Epipedon (A2)          Thin Dark Surface (S9) (LRR S, T, U)          1 cm Muck (A9) (LRR O)

         Black Histic (A3)          Loamy Mucky Mineral (F1) (LRR          2 cm Muck (A10) (LRR S)

         Hydrogen Sulfide (A4)          Loamy Gleyed Matrix (F2)          
         Stratified Layers (A5) X Depleted Matrix (F3)

         Organic Bodies (A6) (LRR P, T, U)          Redox Dark Surface (F6)

         5 cm Mucky Mineral (A7) (LRR P, T, U)          Depleted Dark Surface (F7)

         Muck Presence (A8) (LRR U)          Redox Depressions (F8)

         1 cm Muck (A9) (LRR P, T)          Marl (F10) (LRR U)

         Depleted Below Dark Surface (A11)          Depleted Ochric (F11) (MLRA 151) Red Parent Material (TF2)

         Thick Dark Surface (A12)          Iron-Manganese Masses (F12) (LRR O, P, T)

         Coastal Prarie Redox (A16) (MLRA 150A)          Umbric Surface (F13) (LRR P, T, U) Other (Explain in Remarks)

         Sandy Mucky Mineral (S1) (LRR O, S)          Delta Ochric (F17) (MLRA 151)

         Sandy Gleyed Matrix (S4)          Reduced Vertic (F18) (MLRA 150A, 150B)

         Sandy Redox (S5)          Piedmont Floodplain Soils (F19) (MLRA 149A)

         Stripped Matrix (S6)          Anomalous Bright Loamy Soils (F20) (MLRA 149A, 153C, 153D)

         Dark Surface (S7) (LRR p, S, T, U)

Restrictive Layer (if observed):
Hydric Soil Present?

Type:
Depth (inches): Yes X No

                                     

        Color (moist)       

                                   
                                   
                                   

                     Matrix                        Redox Fetures

10YR 5/2

           Remarks                Color (moist)      
10YR 7/2                                    

                                     

10YR 5/8
10YR 5/6 
                                   
                                   
                                   
                                   

                                   
                                   
                                   

                                     

Reduced Vertic (F18) (outside 
MLRA 150A, A)

Piedmont Floodplain Soils 
(F19) (LRR P, S, T)

                                     
                                                                        

Anomalous Bright Loamy 
Soils (F20) MLRA 153 B)

3Indicators of hydrolophytic 
vegetation and wetland 
hydrology must be present.

Remarks:



 
 

BergOliver Associates, Inc.  
BOA Job No. 8449WD12 

 

 
 
 
 

APPENDIX F 
WETLAND DELINEATION MAP 
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APPENDIX G 
GPS ATTRIBUTE DATA 

 
 



8449 West Houston Water Authority
GPS Attributes Table Coordinates: NAD 83, UTM Zone 15 N
Easting Northing Comment Max_PDOP GPS_Date GPS_Time Horz_Prec Point_ID Distance between points (feet)

237237.079 3303957.509 wet a 2.2 5/19/2011 08:58:16am 5.8 1

237250.368 3303939.426 a1 2.1 5/19/2011 09:13:52am 5.7 2 73.62

237242.532 3303937.678 a2 2.1 5/19/2011 09:14:18am 5.7 3 26.34

237233.206 3303929.569 a4 2.1 5/19/2011 09:14:39am 5.7 4 40.55

237210.546 3303912.971 a4 2.1 5/19/2011 09:15:25am 5.7 5 92.15

237169.320 3303880.694 a5 2.1 5/19/2011 09:15:59am 5.7 6 171.78

237142.613 3303860.296 a6 2.1 5/19/2011 09:16:28am 5.7 7 110.25

237116.885 3303841.639 a7 2.1 5/19/2011 09:16:58am 5.7 8 104.27

237099.307 3303819.875 a8 2.1 5/19/2011 09:17:27am 5.7 9 91.78

237086.675 3303816.715 a9 2.1 5/19/2011 09:17:47am 5.7 10 42.72

237081.500 3303804.527 a10 2.1 5/19/2011 09:18:18am 5.7 11 43.44

237083.883 3303796.442 a11 2.1 5/19/2011 09:18:56am 5.8 12 27.65

237118.892 3303821.131 a12 2.1 5/19/2011 09:19:22am 5.8 13 140.55

237147.358 3303843.139 a12 2.1 5/19/2011 09:19:49am 5.8 14 118.05

237168.141 3303859.851 a14 2.1 5/19/2011 09:20:13am 5.7 15 87.50

237170.721 3303866.310 a15 3.9 5/19/2011 09:20:41am 5.9 16 22.82

237175.608 3303876.542 a16 2.2 5/19/2011 09:21:04am 5.8 17 37.20

237191.611 3303888.697 a17 2.2 5/19/2011 09:21:29am 5.8 18 65.93

237203.231 3303891.926 a18 1.9 5/19/2011 09:22:10am 5.7 19 39.57

237212.023 3303887.121 a19 2.2 5/19/2011 09:22:49am 5.7 20 32.87

237232.010 3303909.967 a20 2.2 5/19/2011 09:23:19am 5.8 21 99.59

237248.666 3303922.170 a21 1.9 5/19/2011 09:23:42am 5.7 22 67.74

237259.143 3303934.882 A22 3.8 5/19/2011 09:24:12am 6.0 23 54.05

237244.715 3303927.270 weta 2.8 5/19/2011 09:25:05am 5.9 24 53.52

236975.817 3303984.514 wetb 2.0 5/19/2011 09:47:15am 5.7 25 901.98

236984.130 3304003.455 b1 1.9 5/19/2011 10:07:29am 5.7 26 67.86

236966.810 3304003.465 b3 1.8 5/19/2011 10:08:15am 5.7 27 56.82

236959.407 3303994.461 b4 3.1 5/19/2011 10:08:47am 5.9 28 38.24

236951.720 3303990.862 b5 2.0 5/19/2011 10:09:16am 5.7 29 27.85

236947.774 3303984.585 b6 1.8 5/19/2011 10:09:43am 5.6 30 24.33

236951.668 3303978.299 b7 1.6 5/19/2011 10:10:07am 5.6 31 24.26



236950.036 3303970.834 b8 1.8 5/19/2011 10:10:31am 5.7 32 25.07

236953.946 3303956.205 b9 2.3 5/19/2011 10:10:56am 5.8 33 49.68

236954.771 3303944.382 b10 2.3 5/19/2011 10:11:30am 5.8 34 38.88

236958.651 3303933.892 b11 2.3 5/19/2011 10:12:00am 5.8 35 36.69

236956.511 3303920.570 b12 1.7 5/19/2011 10:12:57am 5.6 36 44.27

236959.322 3303901.901 b13 3.1 5/19/2011 10:13:30am 5.9 37 61.94

236959.376 3303896.141 b14 1.8 5/19/2011 10:13:58am 5.7 38 18.90

236964.688 3303886.808 b15 2.3 5/19/2011 10:14:23am 5.8 39 35.23

236973.210 3303875.353 b16 2.3 5/19/2011 10:14:51am 5.8 40 46.84

236966.477 3303867.890 b17 3.1 5/19/2011 10:15:23am 5.7 41 32.98

236970.492 3303853.550 b18 2.3 5/19/2011 10:15:54am 5.8 42 48.86

236975.581 3303840.214 b19 2.3 5/19/2011 10:16:21am 5.7 43 46.83

236976.842 3303833.326 b20 2.3 5/19/2011 10:17:07am 5.8 44 22.97

236981.188 3303830.899 b21 2.5 5/19/2011 10:17:32am 5.9 45 16.33

236975.329 3303822.207 b22 1.8 5/19/2011 10:18:10am 5.6 46 34.39

236965.352 3303823.418 b23 2.0 5/19/2011 10:18:48am 5.7 47 32.97

236968.366 3303809.511 b24 1.7 5/19/2011 10:19:23am 5.7 48 46.69

236982.623 3303806.268 b25 2.4 5/19/2011 10:20:00am 5.9 49 47.97

236988.396 3303816.658 b26 2.4 5/19/2011 10:20:22am 5.9 50 39.00

236989.533 3303824.739 b27 2.3 5/19/2011 10:20:50am 5.6 51 26.77

236988.953 3303837.603 28 2.3 5/19/2011 10:21:18am 5.9 52 42.25

236988.590 3303851.122 b29 2.3 5/19/2011 10:21:47am 5.9 53 44.37

236990.075 3303885.248 b30 2.5 5/19/2011 10:22:23am 5.7 54 112.07

236989.716 3303897.291 b31 2.3 5/19/2011 10:22:45am 5.7 55 39.53

236988.963 3303920.818 b32 2.3 5/19/2011 10:23:21am 5.9 56 77.23

236988.912 3303938.368 b33 2.3 5/19/2011 10:23:41am 5.9 57 57.58

236988.995 3303974.052 b34 2.3 5/19/2011 10:24:10am 5.9 58 117.07

236991.042 3303987.211 b35 1.5 5/19/2011 10:24:30am 5.6 59 43.69

236990.533 3303998.511 b36 2.3 5/19/2011 10:24:53am 5.8 60 37.11

236989.595 3304002.911 b37 1.5 5/19/2011 10:25:15am 5.6 61 14.76

236986.573 3304004.121 b38 1.6 5/19/2011 10:25:40am 5.7 62 10.68

237176.368 3304115.604 t1 start 1.6 5/19/2011 10:37:12am 5.6 63 722.16

237176.372 3304100.159 t1‐1 1.8 5/19/2011 10:38:19am 5.7 64 50.67

237177.585 3304055.022 t1 2 1.8 5/19/2011 10:42:19am 5.7 65 148.14



237176.726 3303998.955 t1 3 2.0 5/19/2011 10:43:36am 5.8 66 183.97

237176.974 3303955.660 t1 4 2.0 5/19/2011 10:44:25am 5.8 67 142.05

237178.626 3303892.719 tt1 5 2.0 5/19/2011 10:45:14am 5.8 68 206.57

237180.230 3303892.128 t1 6 border 2.1 5/19/2011 10:47:06am 5.8 69 5.61

237183.262 3303884.419 t1 7 wet 3.2 5/19/2011 10:47:51am 6.1 70 27.18

237187.464 3303878.273 t1 8 up 3.2 5/19/2011 10:48:19am 5.8 71 24.43

237188.568 3303876.106 t1 end 2.1 5/19/2011 10:48:42am 5.8 72 7.98

237071.679 3303808.849 t2 start 1.8 5/19/2011 10:54:06am 5.7 73 442.45

237070.111 3303827.579 t2 1 2.5 5/19/2011 10:55:14am 5.8 74 61.67

237066.226 3303865.304 t2 2 3.3 5/19/2011 10:56:16am 5.8 75 124.42

237061.458 3303953.569 t2 3 1.9 5/19/2011 10:57:28am 5.8 76 290.01

237060.360 3304005.575 t2 4 levee 2.0 5/19/2011 10:58:51am 5.8 77 170.66

237060.596 3304036.687 t2 5 2.4 5/19/2011 10:59:54am 5.8 78 102.08

237059.599 3304103.503 t2 end 2.0 5/19/2011 11:00:57am 5.8 79 219.24

236888.229 3304086.535 t3 start 2.7 5/19/2011 11:03:20am 5.8 80 564.99

236890.003 3304073.783 t3 1 2.0 5/19/2011 11:04:33am 5.8 81 42.24

236891.936 3304035.116 t3 2 2.3 5/19/2011 11:05:38am 5.9 82 127.02

236890.447 3303986.566 t3 3 6.9 5/19/2011 11:06:52am 6.0 83 159.36

236896.053 3303902.771 t3 4 2.2 5/19/2011 11:08:01am 5.9 84 275.53



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D: AGENCY COORDINATION 
 







 
 
 
Ms. Susan Alford 
Berg Oliver Associates, Inc. 
14701 Saint Mary’s Lane, Suite 400 
Houston, Texas 77079 
 
January 23, 2012 
 
 
Re: Cultural resources assessment of 11.7 hectares (29 acres) proposed for use by the West 
Houston Water Authority in Harris County, Texas 
 
 
Dear Ms. Alford,  
 
HRA Gray & Pape, LLC, (HRA Gray & Pape) of Houston, Texas was contracted by Berg Oliver 
Associates to conduct an assessment of the effect that the above-referenced project would have 
on archaeological and historic properties in Harris County, Texas.  The Area of Potential Effects 
(APE) measuring 11.7 hectares (29 acres) can be found on the Addicks, Tx 7.5-minute United 
States Geological Survey (USGS) topographic quadrangle maps (see map below).   
 
Research activities, including a site file research and a review of available historic maps, were 
initiated on January 9, 2012.  This letter documents the results of these activities, along with our 
assessment regarding the potential for additional site identification within the project area. 
 
 
PROJECT AREA DESCRIPTION 
 
The project area can be found in western Harris County (Figure 1). It is located north of Clay 
Road and west of Fry Road. Ricewood Village Subdivision is the property directly north of the 
project area. A pipeline right-of-way (ROW) runs through the northern section of the tract of 
land and diagonally along the southern boundary. A 2-track, unpaved road runs east west through 
the center of the project area. A well is located in the northeast corner of the project area. Bear 
Creek is located approximately 1.4 kilometers (.86 miles) to the northeast. The project area 
shows no signs of development between 1943 and the present other than those associated with 
agricultural purposes (Google 2012). 
 
 
PHYSIOGRAPHY, SURFACE GEOLOGY, AND SOILS 
 
The project area is underlain by ancient loamy alluvium and is set in the uplands. According to a 
review of information published online by the Soil Survey Staff, National Cooperative Soil 
Survey, Web Soil Survey (SSS NCSS WSS 2012), soil recorded within the project area consists  
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Katy fine sandy loam, 1 to 3 percent slopes is somewhat poorly drained. It has an Ap, E and 4 Bt 
horizons. The Ap horizon goes to 30 centimeters (12 inches) and is a brown fine sandy loam.  
The E horizon is a pale brown fine sandy loam 30 to 63 centimeters (12 to 25 inches) thick. The 
Bt horizons are a loam that range in color from yellowish brown, red, to gray until approximately 
163 centimeters (84 inches). Below that is a clay loam with brownish yellow, red, and gray 
colors. This soil series is reported as having low potential for deeply buried intact cultural 
remains due to its formation from ancient alluvial parent material (Abbott 2001). 
 
 
ARCHIVAL RESEARCH RESULTS AND PREVIOUS CULTURAL RESOURCES 
INVESTIGATIONS 
 
Research activities, including a site file research and a review of available historic maps, were 
initiated on January 12, 2012. The site file research revealed no previously recorded 
archaeological sites, cemeteries, historic markers, or historic structures have been identified 
within the current project area or within 1.6 kilometers (1 mile) of the APE.   
 
One previously identified cultural resources survey has been performed on the border of the 1.6-
kilometer (1-mile) study radius of the current project. A 6.4-hectare (15.9-acre) area survey of 
the Cypress-Fairbanks ISD Elementary school was done in 2007 by South Texas Archeological 
Research Services, LLC for the Department of Education. It is located north northwest of the 
project area.  This survey produced negative results for cultural deposits. One area survey was 
done in 2007 just outside the 1.6-kilometer (1-mile) study radius. It was performed by Moore 
Archaeological Consultants, Inc. for the Harris County Flood Control District. Sixty shovel tests 
were excavated along 2.9 kilometers (1.8 miles) along Bear Creek, all negative for cultural 
deposits. No further work was recommended. 
 
 
RECOMMENDATIONS FOR ADDITIONAL WORK 
 
The 11.7 hectare (29 acres) project area is surrounded by housing developments and oil pipeline 
ROWs but is undisturbed since its use as farmland. No sites or completed surveys are mapped 
within the project area or the 1.6 kilometer (1-mile) study radius. It is underlain by the middle 
Pleistocene-aged Lissie Formation and therefore any sites that may have survived would be 
located on or within a few centimeters of the surface. Deep contour plowing is evident in the 
1944 aerial imagery on Google Earth (2012). This form of deep plowing is designed to limit soil 
erosion and has severely disturbed all surfaces within the project area to an unknown depth. The 
depth of disturbance, however, is very likely deep enough to disturb any sites that may have 
existed. The land has been plowed continuously since 1944. The contours are no longer evident 
in the 1978 aerial image (Google 2012). This suggests additional disturbance as the artificially 
created topography was leveled. No evidence of structures was found on any of the aerials 
images that date back to 1944. The possibility of any sites surviving the agricultural disturbances 
is very low.  
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Based on the very low possibility of finding any intact sites in the project area, HRA Gray & 
Pape recommends no further work and that the project be allowed to progress as planned. If you 
have any questions or comments, or are in need of additional information, please do not hesitate 
to contact me at (713) 541-0473. 

 

 
Sincerely, 

 
 
 
 
 
Sean R. Nash 
Principal Investigator 
HRA Gray & Pape 
 
 
 
 
HRAGP #720.00 
BOA# 7449b
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BERG    OLIVER ASSOCIATES, INC. 
Environmental Science, Engineering & Land Use Consultants 

14701 St. Mary’s Lane, Suite 400 
Houston, Texas 77079 

(281) 589-0898     fax: (281) 589-0007 

 

 

May 24, 2012 

 

Harris-Galveston Subsidence District  

1660 West Bay Area Blvd 

Friendswood, TX 77546 

 

Attention: Ron Neighbors, General Manager 

 

Re: Proposed Central Pump Station 

West Harris County Regional Water Authority 

Approximately 29.19 acres  

Harris County, Texas 

WHCRWA Project No. 3487-11 

 

Dear Mr. Neighbors: 

 

The West Harris County Regional Water Authority is proposing to construct a pump station 

on approximately 29.19 acres of land in an unincorporated area of Harris County, Texas.   

The proposed project area (site) is located along Fry Road approximately one-half mile 

north of Clay Road in Houston, Harris County, Texas. The proposed project involves 

installing a Pump Station.  The Pump Station would facilitate the conveyance of 

approximately 146 million gallons per day (mgd) of treated surface water from the City of 

Houston Northeast Water Purification Plant to be delivered to approximately 195 Municipal 

Utility Districts in the West Harris County Regional Water Authority and North Fort Bend 

Water Authority service areas in compliance with the mandates of the Harris-Galveston and 

Fort Bend Subsidence Districts.  The West Harris County Regional Water Authority has 

engaged with BergOliver Associates, Inc. to conduct an Environmental Assessment (EA) 

for the above-referenced site in accordance with National Environmental Policy Act (NEPA) 

guidelines. The proposed Project is one of a series of projects necessary to meet 

requirements of the Harris-Galveston and Fort Bend Subsidence Districts and to protect 

underground aquifers and reduce subsidence by limiting groundwater production throughout 

northwest Harris County.   

 

As part of our coordination efforts, we are informing you of the initiation of this investigation.  

This letter is intended to provide notification in order to advise stakeholders of the proposed 
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project and to solicit comments regarding the project.  This notification is preceding 

publication of the environmental document for the project but does not preclude subsequent 

review and comment on the documents after publication.   

 

BergOliver Associates, Inc. respectfully requests Harris-Galveston Subsidence District 

review of the proposed project.  The proposed project location is depicted on the attached 

maps. 

 

If you have any questions regarding the enclosed information, request an informal meeting, 

or request a copy of the environmental assessment report, please feel free to contact: 

 

Mr. Wayne Ahrens, P.E., Program Manager 

West Harris County Regional Water Authority 

c/o Dannenbaum Engineering Corporation 

3100 West Alabama 

Houston, Texas  77098 

Phone:  (713) 527-6378 

Email:  wayne.ahrens@dannenbaum.com 

 

or 

 

Ms. Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 

14701 St. Mary’s Lane, Suite 400 

Houston, Texas  77077 

Phone: (281) 589-0898 ext. 11 

Email: erodriguez@bergoliver.com 

 

 

Thank you for your cooperation. 

Sincerely, 

 
 

Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 
 
 
 
 

Attachments:  Exhibit 1 – Project Location and Vicinity Map 

    Exhibit 2 – USGS Topographical Map 



 

 

 

BERG    OLIVER ASSOCIATES, INC. 
Environmental Science, Engineering & Land Use Consultants 

14701 St. Mary’s Lane, Suite 400 
Houston, Texas 77079 

(281) 589-0898     fax: (281) 589-0007 

 

 

May 24, 2012 

 

City of Houston 

Department of Public Works and Engineering 

611 Walker 

Houston, TX 77002 

Phone: 832.395.2511 

 

Attention: Daniel W. Krueger, Director 

 

Re: Proposed Central Pump Station 

West Harris County Regional Water Authority 

Approximately 29.19 acres  

Harris County, Texas 

WHCRWA Project No. 3487-11 

 

Dear Mr. Krueger: 

 

The West Harris County Regional Water Authority is proposing to construct a pump station 

on approximately 29.19 acres of land in an unincorporated area of Harris County, Texas.   

The proposed project area (site) is located along Fry Road approximately one-half mile 

north of Clay Road in Houston, Harris County, Texas. The proposed project involves 

installing a Pump Station.  The Pump Station would facilitate the conveyance of 

approximately 146 million gallons per day (mgd) of treated surface water from the City of 

Houston Northeast Water Purification Plant to be delivered to approximately 195 Municipal 

Utility Districts in the West Harris County Regional Water Authority and North Fort Bend 

Water Authority service areas in compliance with the mandates of the Harris-Galveston and 

Fort Bend Subsidence Districts.  The West Harris County Regional Water Authority has 

engaged with BergOliver Associates, Inc. to conduct an Environmental Assessment (EA) 

for the above-referenced site in accordance with National Environmental Policy Act (NEPA) 

guidelines. The proposed Project is one of a series of projects necessary to meet 

requirements of the Harris-Galveston and Fort Bend Subsidence Districts and to protect 

underground aquifers and reduce subsidence by limiting groundwater production throughout 

northwest Harris County.   
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As part of our coordination efforts, we are informing you of the initiation of this investigation.  

This letter is intended to provide notification in order to advise stakeholders of the proposed 

project and to solicit comments regarding the project.  This notification is preceding 

publication of the environmental document for the project but does not preclude subsequent 

review and comment on the documents after publication.   

 

BergOliver Associates, Inc. respectfully requests City of Houston review of the proposed 

project.  The proposed project location is depicted on the attached maps. 

 

If you have any questions regarding the enclosed information, request an informal meeting, 

or request a copy of the environmental assessment report, please feel free to contact: 

 

Mr. Wayne Ahrens, P.E., Program Manager 

West Harris County Regional Water Authority 

c/o Dannenbaum Engineering Corporation 

3100 West Alabama 

Houston, Texas  77098 

Phone:  (713) 527-6378 

Email:  wayne.ahrens@dannenbaum.com 

 

or 

 

Ms. Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 

14701 St. Mary’s Lane, Suite 400 

Houston, Texas  77077 

Phone: (281) 589-0898 ext. 11 

Email: erodriguez@bergoliver.com 

 

 

Thank you for your cooperation. 

Sincerely, 

 
 

Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 
 
 
 
 

Attachments:  Exhibit 1 – Project Location and Vicinity Map 

    Exhibit 2 – USGS Topographical Map 



 

 

 

BERG    OLIVER ASSOCIATES, INC. 
Environmental Science, Engineering & Land Use Consultants 

14701 St. Mary’s Lane, Suite 400 
Houston, Texas 77079 

(281) 589-0898     fax: (281) 589-0007 

 

 

May 24, 2012 

 

Harris County 

1001 Preston, Suite 911  

Houston, TX 77002 

 

Attention: County Judge Ed Emmett 

 

Re: Proposed Central Pump Station 

West Harris County Regional Water Authority 

Approximately 29.19 acres  

Harris County, Texas 

WHCRWA Project No. 3487-11 

 

Dear Honorable Judge Emmett: 

 

The West Harris County Regional Water Authority is proposing to construct a pump station 

on approximately 29.19 acres of land in an unincorporated area of Harris County, Texas.   

The proposed project area (site) is located along Fry Road approximately one-half mile 

north of Clay Road in Houston, Harris County, Texas. The proposed project involves 

installing a Pump Station.  The Pump Station would facilitate the conveyance of 

approximately 146 million gallons per day (mgd) of treated surface water from the City of 

Houston Northeast Water Purification Plant to be delivered to approximately 195 Municipal 

Utility Districts in the West Harris County Regional Water Authority and North Fort Bend 

Water Authority service areas in compliance with the mandates of the Harris-Galveston and 

Fort Bend Subsidence Districts.  The West Harris County Regional Water Authority has 

engaged with BergOliver Associates, Inc. to conduct an Environmental Assessment (EA) 

for the above-referenced site in accordance with National Environmental Policy Act (NEPA) 

guidelines. The proposed Project is one of a series of projects necessary to meet 

requirements of the Harris-Galveston and Fort Bend Subsidence Districts and to protect 

underground aquifers and reduce subsidence by limiting groundwater production throughout 

northwest Harris County.   

 

As part of our coordination efforts, we are informing you of the initiation of this investigation.  

This letter is intended to provide notification in order to advise stakeholders of the proposed 
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project and to solicit comments regarding the project.  This notification is preceding 

publication of the environmental document for the project but does not preclude subsequent 

review and comment on the documents after publication.   

 

BergOliver Associates, Inc. respectfully requests Harris County review of the proposed 

project.  The proposed project location is depicted on the attached maps. 

 

If you have any questions regarding the enclosed information, request an informal meeting, 

or request a copy of the environmental assessment report, please feel free to contact: 

 

Mr. Wayne Ahrens, P.E., Program Manager 

West Harris County Regional Water Authority 

c/o Dannenbaum Engineering Corporation 

3100 West Alabama 

Houston, Texas  77098 

Phone:  (713) 527-6378 

Email:  wayne.ahrens@dannenbaum.com 

 

or 

 

Ms. Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 

14701 St. Mary’s Lane, Suite 400 

Houston, Texas  77077 

Phone: (281) 589-0898 ext. 11 

Email: erodriguez@bergoliver.com 

 

 

Thank you for your cooperation. 

Sincerely, 

 
 

Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 
 
 
 
 

Attachments:  Exhibit 1 – Project Location and Vicinity Map 

    Exhibit 2 – USGS Topographical Map 



 

 

 

BERG    OLIVER ASSOCIATES, INC. 
Environmental Science, Engineering & Land Use Consultants 

14701 St. Mary’s Lane, Suite 400 
Houston, Texas 77079 

(281) 589-0898     fax: (281) 589-0007 

 

 

May 24, 2012 

 

North Fort Bend Water Authority 

3200 Southwest Freeway, Suite 2600 

Houston, TX 77027 

 

Attention: Peter Houghton, President 

 

Re: Proposed Central Pump Station 

West Harris County Regional Water Authority 

Approximately 29.19 acres  

Harris County, Texas 

WHCRWA Project No. 3487-11 

 

Dear Mr. Houghton: 

 

The West Harris County Regional Water Authority is proposing to construct a pump station 

on approximately 29.19 acres of land in an unincorporated area of Harris County, Texas.   

The proposed project area (site) is located along Fry Road approximately one-half mile 

north of Clay Road in Houston, Harris County, Texas. The proposed project involves 

installing a Pump Station.  The Pump Station would facilitate the conveyance of 

approximately 146 million gallons per day (mgd) of treated surface water from the City of 

Houston Northeast Water Purification Plant to be delivered to approximately 195 Municipal 

Utility Districts in the West Harris County Regional Water Authority and North Fort Bend 

Water Authority service areas in compliance with the mandates of the Harris-Galveston and 

Fort Bend Subsidence Districts.  The West Harris County Regional Water Authority has 

engaged with BergOliver Associates, Inc. to conduct an Environmental Assessment (EA) 

for the above-referenced site in accordance with National Environmental Policy Act (NEPA) 

guidelines. The proposed Project is one of a series of projects necessary to meet 

requirements of the Harris-Galveston and Fort Bend Subsidence Districts and to protect 

underground aquifers and reduce subsidence by limiting groundwater production throughout 

northwest Harris County.   

 

As part of our coordination efforts, we are informing you of the initiation of this investigation.  

This letter is intended to provide notification in order to advise stakeholders of the proposed 
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project and to solicit comments regarding the project.  This notification is preceding 

publication of the environmental document for the project but does not preclude subsequent 

review and comment on the documents after publication.   

 

BergOliver Associates, Inc. respectfully requests North Fort Bend Water Authority review 

of the proposed project.  The proposed project location is depicted on the attached maps. 

 

If you have any questions regarding the enclosed information, request an informal meeting, 

or request a copy of the environmental assessment report, please feel free to contact: 

 

Mr. Wayne Ahrens, P.E., Program Manager 

West Harris County Regional Water Authority 

c/o Dannenbaum Engineering Corporation 

3100 West Alabama 

Houston, Texas  77098 

Phone:  (713) 527-6378 

Email:  wayne.ahrens@dannenbaum.com 

 

or 

 

Ms. Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 

14701 St. Mary’s Lane, Suite 400 

Houston, Texas  77077 

Phone: (281) 589-0898 ext. 11 

Email: erodriguez@bergoliver.com 

 

 

Thank you for your cooperation. 

Sincerely, 

 
 

Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 
 
 
 
 

Attachments:  Exhibit 1 – Project Location and Vicinity Map 

    Exhibit 2 – USGS Topographical Map 



 

 

 

BERG    OLIVER ASSOCIATES, INC. 
Environmental Science, Engineering & Land Use Consultants 

14701 St. Mary’s Lane, Suite 400 
Houston, Texas 77079 

(281) 589-0898     fax: (281) 589-0007 

 

 

May 24, 2012 

 

U.S. Army Corps Engineers 

Galveston District – Planning, Environmental and Regulatory Division 

CESWG-PE-R 

P.O. Box 1229 

Galveston, TX 77553-1229 

 

Attention: Chief Dolan Dunn 

 

Re: Proposed Central Pump Station 

West Harris County Regional Water Authority 

Approximately 29.19 acres  

Harris County, Texas 

WHCRWA Project No. 3487-11 

 

Dear Chief Dunn: 

 

The West Harris County Regional Water Authority is proposing to construct a pump station 

on approximately 29.19 acres of land in an unincorporated area of Harris County, Texas.   

The proposed project area (site) is located along Fry Road approximately one-half mile 

north of Clay Road in Houston, Harris County, Texas. The proposed project involves 

installing a Pump Station.  The Pump Station would facilitate the conveyance of 

approximately 146 million gallons per day (mgd) of treated surface water from the City of 

Houston Northeast Water Purification Plant to be delivered to approximately 195 Municipal 

Utility Districts in the West Harris County Regional Water Authority and North Fort Bend 

Water Authority service areas in compliance with the mandates of the Harris-Galveston and 

Fort Bend Subsidence Districts.  The West Harris County Regional Water Authority has 

engaged with BergOliver Associates, Inc. to conduct an Environmental Assessment (EA) 

for the above-referenced site in accordance with National Environmental Policy Act (NEPA) 

guidelines. The proposed Project is one of a series of projects necessary to meet 

requirements of the Harris-Galveston and Fort Bend Subsidence Districts and to protect 

underground aquifers and reduce subsidence by limiting groundwater production throughout 

northwest Harris County.   
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As part of our coordination efforts, we are informing you of the initiation of this investigation 

due to your agency's area of expertise and/or jurisdiction by law.  This letter is intended to 

provide notification in order to advise review agencies of the proposed project and to 

request a project manager for the proposed project.  The proposed project location is 

depicted on the attached maps.   

 

If you have any questions regarding the enclosed information, request an informal meeting, 

or request a copy of the environmental assessment report, please feel free to contact: 

 

Mr. Wayne Ahrens, P.E., Program Manager 

West Harris County Regional Water Authority 

c/o Dannenbaum Engineering Corporation 

3100 West Alabama 

Houston, Texas  77098 

Phone:  (713) 527-6378 

Email:  wayne.ahrens@dannenbaum.com 

 

or 

 

Ms. Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 

14701 St. Mary’s Lane, Suite 400 

Houston, Texas  77077 

Phone: (281) 589-0898 ext. 11 

Email: erodriguez@bergoliver.com 

 

 

Thank you for your cooperation. 

Sincerely, 

 
 

Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 
 
 
 
 

Attachments:  Exhibit 1 – Project Location and Vicinity Map 

    Exhibit 2 – USGS Topographical Map 



 

 

 

BERG    OLIVER ASSOCIATES, INC. 
Environmental Science, Engineering & Land Use Consultants 

14701 St. Mary’s Lane, Suite 400 
Houston, Texas 77079 

(281) 589-0898     fax: (281) 589-0007 

 

May 24, 2012 

 

U.S. Fish and Wildlife Service 

Clear Lake Ecological Services Field Office 

17629 El Camino Real #211  

Houston, TX 77058-3051 

 

Attention: Edith Erfling 

 

Re: Proposed Central Pump Station 

West Harris County Regional Water Authority 

Approximately 29.19 acres  

Harris County, Texas 

WHCRWA Project No. 3487-11 

 

Dear Ms. Erfling: 

 

The West Harris County Regional Water Authority is proposing to construct a pump station 

on approximately 29.19 acres of land in an unincorporated area of Harris County, Texas.   

The proposed project area (site) is located along Fry Road approximately one-half mile 

north of Clay Road in Houston, Harris County, Texas. The proposed project involves 

installing a Pump Station.  The Pump Station would facilitate the conveyance of 

approximately 146 million gallons per day (mgd) of treated surface water from the City of 

Houston Northeast Water Purification Plant to be delivered to approximately 195 Municipal 

Utility Districts in the West Harris County Regional Water Authority and North Fort Bend 

Water Authority service areas in compliance with the mandates of the Harris-Galveston and 

Fort Bend Subsidence Districts.  The West Harris County Regional Water Authority has 

engaged with BergOliver Associates, Inc. to conduct an Environmental Assessment (EA) 

for the above-referenced site in accordance with National Environmental Policy Act (NEPA) 

guidelines. The proposed Project is one of a series of projects necessary to meet 

requirements of the Harris-Galveston and Fort Bend Subsidence Districts and to protect 

underground aquifers and reduce subsidence by limiting groundwater production throughout 

northwest Harris County.   

 

As part of our coordination efforts, we are informing you of the initiation of this investigation.  

This letter is intended to provide notification in order to advise stakeholders of the proposed 
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project and to solicit comments regarding the project.  This notification is preceding 

publication of the environmental document for the project but does not preclude subsequent 

review and comment on the documents after publication.   

 

BergOliver Associates, Inc. respectfully requests U.S. Fish and Wildlife Service (USFWS) 

review of the proposed project.  BergOliver Associates, Inc. had contacted your office in 

late 2011 and performed a threatened and endangered species assessment.  Though the 

investigations resulted in no findings of any threatened or endangered species or of any 

suitable habitat for such species on the project site, please inform BergOliver Associates, 

Inc. of any additional or recent information regarding environmental concerns within the 

above location known to the USFWS.  The proposed project location is depicted on the 

attached maps. 

 

If you have any questions regarding the enclosed information, request an informal meeting, 

or request a copy of the environmental assessment report, please feel free to contact: 

 

Mr. Wayne Ahrens, P.E., Program Manager 

West Harris County Regional Water Authority 

c/o Dannenbaum Engineering Corporation 

3100 West Alabama 

Houston, Texas  77098 

Phone:  (713) 527-6378 

Email:  wayne.ahrens@dannenbaum.com 

 

or 

 

Ms. Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 

14701 St. Mary’s Lane, Suite 400 

Houston, Texas  77077 

Phone: (281) 589-0898 ext. 11 

Email: erodriguez@bergoliver.com 

 

Thank you for your cooperation. 

Sincerely, 

 
Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 
 
 
Attachments:  Exhibit 1 – Project Location and Vicinity Map 

    Exhibit 2 – USGS Topographical Map 



 

 

 

BERG    OLIVER ASSOCIATES, INC. 
Environmental Science, Engineering & Land Use Consultants 

14701 St. Mary’s Lane, Suite 400 
Houston, Texas 77079 

(281) 589-0898     fax: (281) 589-0007 

 

 

May 24, 2012 

 

Texas Parks and Wildlife Department 

1502 FM 517 Road E  

Dickinson, TX 77539 

 

Attention: Mike Morgan 

 

Re: Proposed Central Pump Station 

West Harris County Regional Water Authority 

Approximately 29.19 acres  

Harris County, Texas 

WHCRWA Project No. 3487-11 

 

Dear Mr. Morgan: 

 

The West Harris County Regional Water Authority is proposing to construct a pump station 

on approximately 29.19 acres of land in an unincorporated area of Harris County, Texas.   

The proposed project area (site) is located along Fry Road approximately one-half mile 

north of Clay Road in Houston, Harris County, Texas. The proposed project involves 

installing a Pump Station.  The Pump Station would facilitate the conveyance of 

approximately 146 million gallons per day (mgd) of treated surface water from the City of 

Houston Northeast Water Purification Plant to be delivered to approximately 195 Municipal 

Utility Districts in the West Harris County Regional Water Authority and North Fort Bend 

Water Authority service areas in compliance with the mandates of the Harris-Galveston and 

Fort Bend Subsidence Districts.  The West Harris County Regional Water Authority has 

engaged with BergOliver Associates, Inc. to conduct an Environmental Assessment (EA) 

for the above-referenced site in accordance with National Environmental Policy Act (NEPA) 

guidelines. The proposed Project is one of a series of projects necessary to meet 

requirements of the Harris-Galveston and Fort Bend Subsidence Districts and to protect 

underground aquifers and reduce subsidence by limiting groundwater production throughout 

northwest Harris County.   

 

As part of our coordination efforts, we are informing you of the initiation of this investigation.  

This letter is intended to provide notification in order to advise stakeholders of the proposed 
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project and to solicit comments regarding the project.  This notification is preceding 

publication of the environmental document for the project but does not preclude subsequent 

review and comment on the documents after publication.   

 

BergOliver Associates, Inc. respectfully requests Texas Parks and Wildlife Department 

review of the proposed project.  The proposed project location is depicted on the attached 

maps. 

 

If you have any questions regarding the enclosed information, request an informal meeting, 

or request a copy of the environmental assessment report, please feel free to contact: 

 

Mr. Wayne Ahrens, P.E., Program Manager 

West Harris County Regional Water Authority 

c/o Dannenbaum Engineering Corporation 

3100 West Alabama 

Houston, Texas  77098 

Phone:  (713) 527-6378 

Email:  wayne.ahrens@dannenbaum.com 

 

or 

 

Ms. Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 

14701 St. Mary’s Lane, Suite 400 

Houston, Texas  77077 

Phone: (281) 589-0898 ext. 11 

Email: erodriguez@bergoliver.com 

 

 

Thank you for your cooperation. 

Sincerely, 

 
 

Maria Esther Rodriguez, P.E. 

BergOliver Associates, Inc. 
 
 
 
 

Attachments:  Exhibit 1 – Project Location and Vicinity Map 

    Exhibit 2 – USGS Topographical Map 



Letter to TPWD Wildlife Division
7/23/2015



BergOliver Associates, Inc. 

BOA project number 8449 

July 22, 2015 

BERG  OLIVER ASSOCIATES, INC. 
Environmental Science & Land Use Consultants 

14701 St. Mary’s Lane, Suite 400, Houston, Texas 77079 

(281) 589-0898     fax: (281) 589-0007 
Houston  Dallas/Fort Worth   WDBE/HUB   www.bergoliver.com 

 
 

 

July 23, 2015 
 

Dr. Amy Turner 

Wildlife Habitat Assessment Program  

Wildlife Division 

4200 Smith School Road 

Austin, TX  78744-3291 

 

RE:   Second Source Central Pump Station, West Harris County Regional Water 

Authority 

  Harris County, Texas 

 TPWD Project # ERCS-9054 

 

Dear Dr. Turner: 

 

This letter is in response to the June 4, 2014 letter received by Mr. Keith Morgan of BergOliver 

Associates, Inc.  The original letter requested information regarding potential impacts to 

threatened and endangered species and for information on other issues of concern related to the 

above-referenced project.  Listed below are comments and recommendations, with responses 

from the sponsoring agency, The West Harris County Regional Water Authority (WHCRWA). 

 
1)  TPWD Comment – Vegetation Impacts 

The project document does not indicate that woody vegetation would be impacted; however, 

review of aerial imagery indicates that woody vegetation may be impacted by the proposed 

project.   

 

Recommendations:  Clearing of mature, native trees should be avoided.  Loss of vegetation 

should be minimized by using site planning and construction techniques designed to avoid and 

preserve existing trees, shrubs, grasses, and forbs.  For impacts that are unavoidable, TPWD 

recommends transplanting the existing trees or replacing them at a ratio of 3 saplings for every 

tree lost.  Whether transplanted or replaced, a survival of 85% should be achieved.  TPWD 

recommends that native plant and forage species that are beneficial to wildlife endemic to the 

area be used in mitigation and landscaped areas.  

 

WHCRWA’s Response:   

The loss of woody vegetation, during the construction of projects such as the Central Pump 

Station, is usually unavoidable.  However, WHCRWA strives to avoid impacts to mature 

vegetation where practicable.  Vegetation onsite is characterized as scrub/shrub with very 

few scattered trees.  However, efforts such as removing the minimum number of trees 

necessary for safety to allow the construction of the facility, re-designing of specific areas to 
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avoid or minimize the effect upon individual trees or populations, and cutting trees to leave 

the stumps in the ground for regeneration where practicable are a few of the ways the 

WHCRWA works to minimize impacts to woody vegetation.  

 
2) TPWD Comment - Migratory Bird Treaty Act 

The Migratory Bird Treaty Act (MBTA) provides for a year-round closed season for nongame 

birds and prohibits the taking of migratory bird nests and eggs, except as permitted by the U.S. 

Fish and Wildlife Service. 

 

Recommendations:  Construction activities such as, but not limited to, tree felling as well as 

vegetation clearing, trampling, or maintenance should occur outside the April 1-July 15 

migratory bird nesting season of each year the project is authorized and lasting for the life of the 

project. To comply with the MTBA, the proposed site should be surveyed for migratory bird nest 

sites prior to construction or future maintenance activities. Since raptors nest in late winter and 

early spring, all construction activities as identified above should be excluded from a minimum 

zone of 100 meters around any raptor nest during the period of February 1-July 15.  Please 

contact the U.S. Fish and Wildlife Service (USFWS) at 505-248-6879 for further information.  

 

WHCRWA’s Response:   

In accordance with the MBTA, measures such as additional surveys prior to construction to 

ensure active nests are not present would be taken prior to vegetation clearing.  If 

construction activities identified above must occur during the period between April 1 and 

July 15, no vegetation containing active nests, eggs, or young will be removed should they 

occur on the project site.  Construction activities will be excluded from a minimum zone of 

100 meters around any raptor nest during the nesting season as requested.  

  
3) TPWD Comment – Threatened and Endangered Species 

According to the environmental document, the proposed project is not anticipated to have direct 

or indirect impacts on threatened and endangered species of Harris County, as the available 

habitat either lacks specific essential components required by each species, or the species is not 

known to occur in these portions of the county.   

 

Recommendations: TPWD recommends using the county lists of rare species, the portions of 

the proposed project with potential to support rare species should be field surveyed to determine 

the extent and quality of the suspect habitat and potential impacts.   

 

Recommendations:  If rare species or their habitats would be impacted by the proposed project, 

TPWD recommend that the applicant should coordinate the TPWD and the USFWS, as 

appropriate, to determine avoidance, minimization, and mitigation strategies.  

 

Recommendations:  TPWD recommend that construction crews should be informed of the rare 

species that have potential to occur in the project county and should avoid disturbance to 

sensitive species if encountered during construction.  Only personally with the TPWD scientific 

collection permit are allowed to handle and move state listed species.  For further information on 

the required permit please contact Chris Maldonado at 512-389-4647.   
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WHCRWA’s Response:   

TPWD’s list of rare species was consulted and field surveys were conducted to determine if 

habitat for any listed threatened or endangered species (or species of greatest conservation 

need) would occur.  No habitat was identified, and impacts to threatened and endangered 

species are not anticipated.  However, if rare species or their habitats are found during 

construction, WHCRWA would cease construction and coordinate with TPWD and USFWS 

as appropriate.  Construction crews would be informed of the rare species that have potential 

to occur within the vicinity of the project and would be directed to avoid disturbance to 

sensitive species if encountered during construction.   

 
4) TPWD Comment - Revegetation 

Recommendations: TPWD recommends that the WHCRWA reseed disturbed soils with a 

mixture of grasses and forbs native to Harris County.  To enhance native grasses available to 

wildlife in the project area, TPWD recommends that Bermuda grass be avoided to the extent 

possible in reseeding efforts, though TPWD understands that slopes may require certain grasses 

to control erosion.  As an introduced species that can be extremely invasive, its use in federally 

funded projects may be inconsistent with Executive Order 13112 on Invasive Species.  For 

assistance in determining the best native seed mix for the project area, please contact our staff.  

Runoff control measures should be maintained until native plants have been reestablished on 

disturbed areas. 

 

WHCRWA’s Response:   

Vegetation onsite consists primarily of Bermuda grass (Cynodon dactylon), Yankee weed 

(Eupatorium compositifolium), and southern dewberry (Rubus trivialis) with a few scattered 

Chinese tallow trees (Triadica sebifera) and shrubs, primarily eastern baccharis (Baccharis 

halimifolia).  The WHCRWA would prepare a Storm Water Pollution Prevention Plan 

(SWPPP) prior to construction to address Sediment and Erosion Controls.  The SWPPP 

would address implementation of Best Management Practices to minimize construction 

impacts until plants have reestablished.  Best Management Practices would include, but 

would not be limited to:  installing reinforced fabric barriers along the site boundary for 

sediment control; leaving a vegetated filter strip comprised of natural undisturbed vegetation 

where the ground is flat and runoff is expected to be minimal; installing straw bales along 

Fry Road inlets; and directing all wash water from the site to a sediment pit prior to release 

into a drainage ditch or storm sewer.  Following construction, disturbed areas would be 

reestablished with a seed mixture following the Harris County Public Infrastructure 

Department Standard Engineering Design Specification Item No. 164.  The seed mixes and 

any trees replanted/replaced would be irrigated during the construction phase of the project, 

and no permanent irrigation is anticipated to be installed at the site. 

 

Please feel free to contact me if you have any questions.  I can be reached at 817-548-9998. 

 

Sincerely,  
 

 

 

Amy M. Brook 

Senior Associate 

BergOliver Associates, Inc. 



Response from Texas Parks and Wildlife
4/4/2014
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December 23, 2019 
 
Mr. Ronald Cass, PE 
Project Manager 
AECOM 
19219 Katy Freeway, Suite 100 
Houston, Texas  77094 
 
Re: Geotechnical Investigation 
 West Harris County Regional Water Authority Central Pump Station 
 Owner: West Harris County Regional Water Authority (WHCRWA) 
 HVJ Report No.: HG1517629.1 
 
Mr. Cass: 
 
Submitted herein is the final report of our geotechnical investigation for the above referenced 
project. The study was performed in accordance with HVJ Proposal Number HG1517629.1 dated 
April 6, 2016 (Revised May 25, 2015) and subject to the limitations presented in this report.  
 
It has been a pleasure to work for you on this project and we appreciate the opportunity to be of 
service.  Please notify us if there are questions or if we may be of further assistance. 
 
Sincerely, 
 
HVJ ASSOCIATES, INC. 

     Texas Firm Registration No. F-00064
 
 

                   
      
              
         

Selvaratnam Sanjeevan, PE               12/23/2019              Nitharsan Kanapathippillai, PE 
Project Manager       Project Engineer 
 
This document was released under the authority of Selvaratnam Sanjeevan, PE 125078 on December 23, 
2019.  Alteration of a sealed document without proper notification to the responsible engineer is an offense 
under the Texas Engineering Practice Act. 
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1 EXECUTIVE SUMMARY 

HVJ Associates, Inc. (HVJ) was retained by AECOM to perform a geotechnical investigation for the 
proposed West Harris County Regional Water Authority (WHCRWA) Central Pump Station located 
at 4916 North Fry Road in Houston, Texas.   

The purpose of this study is to provide foundation recommendations for the proposed prestressed 
concrete ground storage tanks, buildings, utility lines, parking lot, and access road.  

1. A generalized summary of the subsurface conditions in our borings is shown below in Tables 1-
1 and 1-2 which is intended to provide a conceptual framework for considering the site and is
not intended as a basis for any particular analysis.  Substantial deviations from the summarized
conditions should be accounted for in design and construction.

 The borings drilled in the tank area (Borings B-1, B-6, B-7 and B-12 through B-38)
revealed the presence of very soft to hard clays to a depth of 14 to 20 feet underlain by
medium dense to very dense sands with intermediate stiff to hard clays.

Table 1-1 – Generalized Soil Profile near Tank Area 

Stratum 
Approx. Depth, Feet 

Material 

From To 

I Surface 14 to 20 Very Soft to Hard Clay (CL, CH, CL-ML) 

II 14 to 20 43 to 48 Medium Dense to Dense Sand (SM, SP-SM, SC, SC-SM, SP) 

III 43 to 48 58 to 80 Stiff to Very Stiff Clay ( CL, CH) 

IV 58 to 80 107 to 113 Medium Dense to Very Dense Sand/Silt (SC, ML, SP-SC, SM, SP) 

V 107 to 113 123 to 130 Stiff to Hard Clay (CL, CH) 

VI 123 to 130 185 Dense to Very Dense Sand (SC, SM, SC-SM) 

 The borings drilled in the building/parking area (Borings B-2 through B-5 and B-8
through B-11) revealed the presence of firm to hard clays to a depth of 14 to 23 feet
underlain by medium dense to very dense sands and silts.

Table 1-2 – Generalized Soil Profile near Building/Parking Area 

Stratum 
Approx. Depth, Feet 

Material 
From To 

I Surface 14 to 23 Firm to Hard Clay (CH, CL, CL-ML) 

II 14 to 23 25 to 45 
Medium Dense to Very Dense Sand/Silt 

(SM, ML,SP-SM, SC, SP) 

2. We encountered groundwater at a depth between 24 and 39 feet in the piezometers. It should
be noted that groundwater levels will fluctuate seasonally and in response to rainfall.  Based on
our experience, we expect the groundwater level may raise to a depth of 14 feet (top of the sand
layer) in response to a heavy rainfall.  The groundwater observations are summarized in Table
5-3 and presented on the boring logs in Appendix A.
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3. We understand that the project will involve construction of two 14.7 MG prestressed concrete 
ground storage tanks with 264 feet inside diameter.  We understand that a membrane slab with 
thickened perimeter footing is considered as the foundation system.  The elevation of the 
existing grade in the proposed tank area is ranging between about El. 129 and El. 131 feet.  We 
understand that the proposed tank slab bottom elevation will be about 3 to 5 feet higher than 
the existing grade at about El. 134 feet as shown in Figure 6-2.  The borings drilled in the tank 
area revealed the presence of stiff to hard clays below a depth of 5 feet.  To achieve required 
bearing capacity and limit the settlement in accordance with ACI 372R-13 A.3, we recommend 
excavating the upper 6 feet of existing subgrade material around the tank perimeters and the 
upper 5 feet of existing subgrade material under the tank slab and replace with well-compacted 
granular base material in accordance with ACI 372R-13 A.5.3. We also recommend that the 
select fill required to raise the existing grade to the proposed tank slab bottom elevation should 
consist of granular base material in accordance with ACI 372R-13 A.5.3. Our granular base soil 
replacement and fill recommendations for foundations are illustrated in Figure 6-2. The 
allowable net bearing capacity for total loads and static loads for the perimeter footing and slab 
are presented in Table 1-3.  The total loads should include dead, live and transient loads.  The 
bearing capacities include a factor of safety of 3 for total loads and 2.25 for static loads 
according to ACI 372R-13 A.3. 

 
Table 1-3 – Allowable Bearing Capacity  

Tank Foundation Soil Replacement 
Depth, Feet 

Allowable Bearing Capacity, psf 

Total Loads Static Loads 

Tank Slab 5 3000 4100 

Tank Perimeter Footing 6 6500 8600 

 
We have performed settlement analysis for the proposed tanks.  Summary of settlement 
calculations are presented in Table 1-4.  Settlement analysis results are presented in Appendix F.  

 
Table 1-4 – Estimated Settlement for the Proposed 14.7 MG Tank 

Tank  
Total Settlement (inches) 

Center Edge Maximum Differential 

GST No. 1 5.5 3.4 to 4.0 2.1 

GST No. 2 6.0 3.3 to 4.3 2.7 

 
According to ACI 372R-13 A.3, uniform settlement of the entire tank foundation should be 
limited to a maximum of 6 inches.  Angular distortion should be limited to 1/480 (differential 
settlement/tank radius).  Based on our analysis, the estimated settlement of the proposed tanks 
with the recommended soil replacement do meet the requirements of ACI 372R-13 A.3 and 
hence settlement reduction measures beyond those discussed above are not required for the 
proposed tanks. 

4. The estimated PVR values indicate that soil replacement is required at the chemical and pump 
room building locations. The required soil replacement depths are presented below. 

Table 1-5 – Estimated Soil Replacement Depth 

Building Name 
Soil Replacement Depth 

(feet) 

Chemical Building 3 
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Building Name 
Soil Replacement Depth 

(feet) 

Pump Room 2 

Operations Building 0 

Maintenance Building 0 

Switch Gear Pad Building 4 

5. Excavations for utilities may extend into the sand layer encountered at a depth of about 14 feet.  
We encountered groundwater at a depth between 24 and 39 feet in the sand layer. Based on our 
experience, we expect the groundwater level may raise to a depth of 14 feet (top of the sand 
layer) in response to a heavy rainfall. The sand layer may need dewatering at the locations where 
the excavation extends into the sand layer or within 3 feet of it.  Well points or eductors may be 
utilized to lower the groundwater level to at least three feet below the excavation level where 
water bearing sands are encountered. Well points are generally not effective below about 15 feet 
beneath the top of the well point, and deeper dewatering requires deep wells with submersible 
pumps and eductors. 

6. Based on the test results, sulfate concentrations in the soil are below the threshold to be 
considered for sulfate attack (ACI 318M-14, Exposure Class S0).  Exposure Class S0 is assigned 
for conditions where the water-soluble sulfate concentration in contact with concrete is low and 
injurious sulfate attack is not a concern.   

According to the Caltrans (2003) Corrosion Guidelines, soil with resistivity greater than 1,000 
ohms/cm, pH greater than 5.5, sulfate concentration less than 2,000 ppm and chloride 
concentration less than 600 ppm is considered to have low corrosion potential.  The test results 
revealed that the soils are of low corrosion potential with the exception of pH test results of the 
sample obtained from boring B-3 was measured as 5.4.  ACI 318M-14, Exposure Class C1 may 
be considered for the tank foundation.  Exposure Class C1 is assigned for concrete exposed to 
moisture but not to an external source of chlorides. 

7. Based on the subgrade soils and our experience, the following pavement sections are 
recommended for the access road and parking lot.  We recommend using sections 
corresponding to heavy loads for areas where dumpsters are planned. 

Table 1-6 – Parking Lot/Access Road Pavement Recommendations 

Types of loads Rigid Pavement Section Flexible Pavement Section 

Heavy Loads 
 (Heavy Truck Traffic) 

7" Concrete 
8" Stabilized Subgrade 

3" Asphaltic Concrete 
9" Limestone Base 

8" Stabilized Subgrade 

Medium Loads (Medium 
Truck and Heavy Use 

Driveways) 

6" Concrete 
8" Stabilized Subgrade 

2.5" Asphaltic Concrete 
8" Limestone Base 

8" Stabilized Subgrade 

Light Loads 
 (Automobile Parking 

Areas) 

5" Concrete 
8" Stabilized Subgrade 

2" Asphaltic Concrete 
6" Limestone Base 

8" Stabilized Subgrade 
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Please note that this executive summary does not fully relate our findings and opinions. These 
findings and opinions are only presented through our full report. 
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2 INTRODUCTION 

2.1 General 
HVJ Associates, Inc. (HVJ) was retained by AECOM to perform a geotechnical investigation for the 
proposed West Harris County Regional Water Authority (WHCRWA) Central Pump Station located 
at 4916 North Fry Road in Houston, Texas.  Based on the latest site layout provided by AECOM, 
we understand that the proposed facilities at the pump station include construction of concrete 
ground storage tanks, pump room building, chemical building, operations building, maintenance 
building, switch gear pad building, utility lines, parking lot, and access road.      

The geotechnical investigation for this project is performed in two phases, Phase I and Phase II. 
Phase I geotechnical investigation includes performing limited number of borings to obtain the 
generalized subsurface soils information in the project area and provide preliminary foundation 
recommendations for the proposed structures based on the generalized subsurface conditions.  The 
Phase II includes detailed geotechnical study and is performed based on the actual locations of the 
proposed structures and their design loads. 

2.2 Scope of Work 
The primary objectives of this Phase II study were to investigate subsurface conditions at the site 
and provide geotechnical recommendations for the proposed structures. The objectives were 
accomplished by: 

 Drilling and sampling thirty one 35-foot borings, two 25-foot borings, one 40-foot boring, 
one 45-foot boring and two 185-foot boring below the existing subgrade to determine 
generalized soil stratigraphy in the project area and to obtain samples for laboratory 
testing; 

 Installing two piezometer to gain an understanding of the groundwater conditions at the 
site; 

 Performing laboratory tests to determine physical characteristics of the soils. 

 Providing geotechnical recommendations for the proposed structures. 

Subsequent sections of this report contain descriptions of the field exploration, laboratory testing 
program, general subsurface conditions, and geotechnical recommendations. 

3 FIELD INVESTIGATION 

3.1 General 
The Phase II borings were performed based on the boring layout provided to us by AECOM. The 
boring layout is shown on Plate 2. The soil borings were drilled using dry auger and wet rotary 
techniques. All the borings with exception to the borings converted into piezometers were backfilled 
with soil cuttings.  

3.2 Survey Data 
The survey data of borings provided to us by AECOM are summarized in Table 3-1 and presented 
on the boring logs in Appendix A. 
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Table 3-1 – Boring Details 

Phase Boring 
Depth, 

Feet 
Project Site Grid 

Coordinates 
Northing 

(feet) 
Easting 

(feet) 

Surface 
Elevation 

(feet) 

Phase I 

B-1 35 E 1+20, S 1+80 13,867,142.5 3,007,359.8 131.4 
B-2 35 E 8+60, S 1+60 13,867,276.2 3,008,082.4 131.1 
B-3 30 E 11+30, S 2+50 13,867,226.0 3,008,352.4 131.4 
B-4 30 E 10+80, E 5+60 13,866,914.7 3,008,365.6 131.5 
B-5 35 E 8+20, S 7+30 13,866,710.5 3,008,134.3 130.9 

B-6 (PZ-1) 100 E 5+40, S 5+10 13,866,882.6 3,007,813.4 130.8 
B-7 35 E 1+40, S 6+90 13,866,642.6 3,007,453.1 131.2 

Phase II 

B-8 (PZ-2) 40 E 8+10, S 3+50 13,867,081.6 3,008,060.6 130.0 
B-9 45 E 8+10, S 5+20 13,866,920.6 3,008,380.4 129.4 
B-10 25 E 10+10, S 4+30 13,867,029.1 3,008,267.2 130.4 
B-11 25 E 9+50, S 5+70 13,866,892.9 3,008,230.0 129.3 
B-12 35 E 4+90, S 3+30 13,867,070.7 3,007,738.7 130.1 
B-13 35 E 5+20, S 2+20 13,867,169.5 3,007,760.2 130.1 
B-14 35 E 5+80, S 3+50 13,867,044.5 3,007,828.7 128.2 
B-15 35 E 6+10, S 2+70 13,867,134.4 3,007,854.9 130.0 
B-16 35 E 5+50, S 1+50 13,867,242.3 3,007,771.8 130.0 
B-17 35 E 9+60, S 1+75 13,867,198.7 3,007,672.4 130.1 
B-18 35 E 4+20, S 2+60 13,867,114.2 3,007,659.6 130.2 
B-19 35 E 4+30, S 3+50 13,867,028.4 3,007,688.7 130.5 
B-20 35 E 5+00, S 4+00 13,866,981.3 3,007,766.1 129.4 
B-21 35 E 5+90, S 4+10 13,866,995.2 3,007,855.8 129.4 
B-22 35 E 6+60, S 8+50 13,867,063.3 3,007,915.5 130.1 
B-23 35 E 6+80, S 2+60 13,867,153.9 3,007,917.5 130.1 
B-24 35 E 6+30, S 1+80 13,867,224.6 3,007,860.9 130.0 
B-25 35 E 5+50, S 4+80 13,866,914.1 3,007,822.4 129.4 
B-26 35 E 4+70, S 5+10 13,866,870.7 3,007,742.9 129.7 

B-27 (PZ-3) 35 E 5+50, S 6+80 13,866,717.8 3,007,852.6 129.6 
B-28 35 E 4+30, S 5+90 13,866,786.1 3,007,710.1 129.6 
B-29 35 E 6+10, S 6+20 13,866,793.3 3,007,907.9 129.5 
B-30 35 E 4+40, S 6+80 13,866,700.3 3,007,739.2 129.5 
B-31 35 E 5+00, S 7+40 13,866,653.3 3,007,816.7 129.5 
B-32 35 E 5+90, S 7+40 13,866,667.1 3,007,906.3 129.4 
B-33 35 E 6+60, S 6+80 13,866,735.2 3,007,965.9 129.4 
B-34 35 E 6+80, S 6+00 13,866,825.8 3,007,968.0 129.5 
B-35 35 E 6+30, S 5+10 13,866,896.5 3,007,911.3 129.4 
B-36 185 E 5+50, S 6+10 13,866,783.4 3,007,842.6 129.6 
B-37 35 E 4+80, S 6+10 13,866,773.2 3,007,777.1 129.6 

B-38 185 E 5+50, S 2+80 13,867,111.4 3,007,791.9 130.0 

Notes: Coordinates shown are referenced to the NAD 83, Texas State Plane Coordinate System, 
South Central Zone. Elevations are referenced to North American Vertical Datum (NAVD) 88. 
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3.3 Sampling Method 
All the samples were obtained continuously to 20 feet, and at 5-foot intervals thereafter to the 
boring termination depths except borings B-8 and B-9. The samples were obtained continuously to 
the termination depths in borings B-8 and B-9. Cohesive soil samples were obtained with a three-
inch thin-walled (Shelby) tube sampler in general accordance with ASTM D 1587 standard.  Each 
sample was removed from the sampler in the field, carefully examined and then classified.  The shear 
strengths of the cohesive soils were estimated by dividing the field values of Pocket Penetrometer 
(PP) with 3 and are shown on boring logs. Cohesionless soils were sampled with the split spoon 
sampler in accordance with ASTM D 1586 standard.  Suitable portions of each sample were sealed 
and packaged for transportation to our laboratory.  

3.4 Groundwater Level Measurements 
Groundwater readings were measured during the drilling operations. Three piezometers were 
installed at boring locations B-6 (PZ-1), B-8 (PZ-2) and B-27 (PZ-3) to record long term water level 
readings.  Groundwater measurements are presented in Section 5.4. Piezometer installation records 
and groundwater level data are provided in Appendix C. Piezometer plugging reports will be 
appended to the final report. 
 
4 LABORATORY TESTING 

Selected soil samples were tested in the laboratory to determine applicable physical and engineering 
properties.  All tests except sulfate content, chloride content, resistivity, and soil pH tests were 
performed according to the relevant ASTM Standards.  The tests consisted of moisture content 
measurement, percent passing No. 200 sieve, Atterberg Limits, unconfined compression, 
unconsolidated undrained compression, dry unit weight, one dimensional consolidation, soil pH test, 
chloride content, sulfate content and resistivity.  

The Atterberg Limits and percent passing number 200 sieve tests were utilized to verify field 
classification by the ASTM version of the Unified Soils Classification System.  The unconfined 
compression and unconsolidated undrained compression tests were performed to obtain the 
undrained shear strength of the soil.  Consolidation tests were performed to obtain the soil 
parameters required to estimate the settlement of proposed tanks.  The pH, sulfate, chloride and 
resistivity tests were conducted to estimate the corrosive/sulfate attack potential of the soil. The 
type and number of tests performed for this investigation are summarized below: 

Table 4-1 – Type and Number of Laboratory Tests 

Type of Test Number of Tests 

Moisture Content (ASTM D2216) 470 
Atterberg Limits (ASTM D4318) 124 

Percent Passing No. 200 Sieve (ASTM D1140) 209 
Unconsolidated Undrained Triaxial (ASTM D2850) 44 

Unconfined Compression (ASTM D2166) 54 
Consolidation Test (ASTM D2435) 8 

Sulfate Content (EPA 300.0) 4 
Resistivity (EPA 120.1) 4 

Chloride Content (EPA 300.0) 4 
Soil pH Test (SW-846 9045D) 4 
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Except for the consolidation, pH, sulfate, chloride and resistivity tests, the laboratory test results are 
shown on the boring logs in Appendix A. A summary of the laboratory test results, except for the 
consolidation, pH, sulfate, chloride and resistivity tests, is presented in Appendix B.  

4.1 Consolidation Test 
Eight consolidation tests were conducted on the representative cohesive soil samples obtained in the 
project area. Table 4-2 illustrates the consolidation parameters derived from the tests. The 
consolidation test results are presented in Appendix D. 

Table 4-2 – Consolidation Test Results 

Boring 
Depth 
(feet) 

Sample 
Description 

Preconsolidation 
Pressure   

(tsf) 

Compression 
 Index 
 (Cc) 

Recompression 
 Index 
 (Cr) 

B-1 10-12 Lean Clay 3.1 0.13 0.016 

B-5 6-8 Sandy Fat Clay 4.1 0.10 0.020 

B-6 53-55 Lean Clay 6.8 0.196 0.026 

B-6 78-80 Fat Clay 6.1 0.52 0.033 

B-36 12-14 Lean Clay 2.4 0.15 0.03 

B-36 45-47 Lean Clay 3.1 0.14 0.03 

B-38 6-8 Lean Clay with Sand 1.9 0.13 0.03 

B-38 113-115 Lean Clay with Sand 4.0 0.14 0.023 

4.2 Durability Test Results 
The results of pH, sulfate content, chloride content and resistivity tests are summarized in Table 4-3.  
The test results are provided in Appendix E.  An evaluation of the corrosive/sulfate attack potential 
of the soil on the reinforced concrete is presented in Section 10.   

Table 4-3 – Durability Test Results 

Boring 
Soil 

Description 
Depth 
 (feet) 

Resistivity  
 (ohm-cm) 

Chloride 
 (mg/Kg) 

pH 
Sulfate 

 (mg/Kg) 

B-1 Lean Clay 4-6 20450 3.71 7.64 56.6 

B-3 Lean Clay 4-6 26178 12.1 5.40 81.1 

B-4 Sandy Lean Clay 4-6 30303 <1.0 6.51 16.1 

B-6 Lean Clay 4-6 15291 5.74 7.71 51.0 

 

5 SITE AND SUBSURFACE CONDITIONS 

5.1 General Geology 
The project site is located in the Lissie formation. A geology map is presented on Plate 3. The upper 
Lissie formation is sometimes denoted as the Montgomery formation. The upper Lissie formation is 
heterogeneous, containing interbedded layers of clay, sand and silt. It was deposited in mid-
Pleistocene times in shallow coastal river channels and flood plains. The clay present in the 
formation has been preconsolidated by a process of desiccation.  Numerous wetting and drying 
cycles have produced a network of randomly oriented and closely spaced joints, which are 
sometimes slickensided, that is, have a shiny appearance when exposed. The joint pattern strongly 
influences the engineering behavior of the soil. 
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The sand layers vary in compactness from loose to very dense, and in thickness from a fraction of 
an inch to many feet due to an irregular depositional environment. Sands are generally subrounded 
to subangular and vary from coarse to very fine, are poorly graded, and often contain significant 
amounts of silt-sized particles in the sand matrix.  The coastal plain in this region has a complex 
tectonic geology, several major features of which are: Gulf Coastal geosyncline, salt domes, major 
sea level fluctuations during the glacial stages, subsidence and faulting activities.  Most of these 
faulting activities have ceased for millions of years, but some are still active. 

5.2 Geologic Faulting 
The tectonic history of the Texas Gulf Coast includes a relatively stable depositional cycle since the 
Cretaceous Period (about 65 million years). During this period the area has been subjected to 
deposition of clays, silts, and sands resulting in over 30 thousand feet of sedimentary rocks. 
Underlying this clastic sequence are salt formations, which have migrated upwards to produce the 
typical salt dome features associated with the Texas Gulf Coast. In conjunction with salt movement, 
dewatering and compaction of some of the deeper sediments in the basin have resulted in the 
development of growth faults. 

A Phase 1 Fault Study was conducted at the project site by others and the report was provided to us 
by AECOM.  Based on the Phase 1 Fault Study, faulting is not anticipated to impact the project site. 
The Phase 1 Fault Study report is included in Appendix G. 

5.3 Soil Stratigraphy 
Our interpretation of soil and groundwater conditions at the project site is based on information 
obtained at the boring locations only. This information has been used as the basis for our 
conclusions and recommendations. Significant variations at areas not explored by the project boring 
may require reevaluation of our findings and conclusions. 
 
A generalized summary of the subsurface conditions in our borings is shown below in Tables 5-1 
and 5-2. The generalized profile is intended to provide a conceptual framework for considering the 
site and is not intended as a basis of any particular analysis.  Substantial deviations from the 
summarized conditions exist at several of the boring locations and should be accounted for in design 
and construction.  
 
Soil Profile near Tank Area. 
 
The borings drilled in the tank area (Borings B-1, B-6, B-7 and B-12 through B-38) revealed the 
presence of very soft to hard clays to a depth of 14 to 20 feet underlain by medium dense to very 
dense sands with intermediate stiff to hard clays.  The generalized subsurface profile near the tank 
area is presented in Table 5-1.   
 

Table 5-1 – Generalized Soil Profile near Tank Area 

Stratum 
Approx. Depth, Feet 

Material 

From To 

I Surface 14 to 20 Very Soft to Hard Clay (CL, CH, CL-ML) 

II 14 to 20 43 to 48 Medium Dense to Dense Sand (SM, SP-SM, SC, SC-SM, SP) 

III 43 to 48 58 to 80 Stiff to Very Stiff Clay ( CL, CH) 
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Stratum 
Approx. Depth, Feet 

Material 

From To 

IV 58 to 80 107 to 113 Medium Dense to Very Dense Sand/Silt (SC, ML, SP-SC, SM, SP) 

V 107 to 113 123 to 130 Stiff to Hard Clay (CL, CH) 

VI 123 to 130 185 Dense to Very Dense Sand (SC, SM, SC-SM) 

Notes: 
1. Stratum III through VI were not encountered in borings B-1, B-7, B-12 to B-35 and B-37 

as they were terminated at a depth of 35 feet. 
2. A sand/silt (SC, ML) layer was observed in borings B-7, B-13 to B-16, B-18, B-20, B-23, B-

24 and B-31 from surface to 2 feet. 
3. A clay (CL) layer was observed in boring B-6 from 93 to 98 feet below ground surface. 

 
Soil Profile near Building/Parking Area. 
 
The borings drilled in the building/parking area (Borings B-2 through B-5 and B-8 through B-11) 
revealed the presence of firm to hard clays to a depth of 14 to 23 feet underlain by medium dense to 
very dense sands and silts.  The generalized subsurface profile near the building/parking area is 
presented in Table 5-2.   
 

Table 5-2 – Generalized Soil Profile near Building/Parking Area 

Stratum 
Approx. Depth, 

Feet Material 
From To 

I Surface 14 to 23 Firm to Hard Clay (CH, CL, CL-ML) 

II 14 to 23 25 to 45 Medium Dense to Very Dense Sand/Silt (SM, ML,SP-SM, SC, SP) 

 
Shear Strength Data. 
 
The undrained shear strength was determined from unconfined compression (UC) and 
unconsolidated undrained (UU) test results.  The undrained shear strength was generally less than 
2000 psf in the upper 6 feet and ranges between 2000 and 5000 psf below 6 feet at the boring 
locations. The test results are shown in Figure 5-1 below. 
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Figure 5-1 Undrained Shear Strength of Cohesive Soils 
 
Details of the subsurface stratigraphy encountered in the borings are shown on the boring logs 
presented in Appendix A.  

5.4 Groundwater 
Groundwater was not encountered in any of the borings during drilling operations. Three 
piezometers were installed at boring locations B-6 (PZ-1), B-8 (PZ-2) and B-27 (PZ-3) to measure 
long term groundwater level fluctuations. Table 5-3 shows a record of the groundwater readings 
taken during drilling and in the piezometers. 

Table 5-3 – Groundwater Observations 

Boring 
Groundwater Depth, Feet 

During 
Drilling 

After 24 Hours  After 15 Days  After 30 Days  After 90 Days 

B-1* NA – – – – 

B-2* NA – – – – 

B-3* dry – – – – 

B-4* dry – – – – 

B-5* NA – – – – 

B-6 (PZ-1)* NA 39 dry dry dry 



8 
 

Boring 
Groundwater Depth, Feet 

During 
Drilling 

After 24 Hours  After 15 Days  After 30 Days  After 90 Days 

B-7* NA – – – – 

B-8 (PZ-2) NA 29.5 31 dry – 

B-9 NA – – – – 

B-10 dry – – – – 

B-11 dry  – – – 

B-12 dry – – – – 

B-13 dry – – – – 

B-14 NA – – – – 

B-15 dry – – – – 

B-16 dry – – – – 

B-17 dry – – – – 

B-18 dry  – – – 

B-19 dry – – – – 

B-20 NA – – – – 

B-21 NA – – – – 

B-22 dry – – – – 

B-23 dry – – – – 

B-24 dry – – – – 

B-25 dry – – – – 

B-26 NA – – – – 

B-27 (PZ-3) NA 28 28 24 – 

B-28 NA – – – – 

B-29 NA – – – – 

B-30 NA – – – – 

B-31 dry – – – – 

B-32 NA – – – – 

B-33 NA – – – – 

B-34 NA – – – – 

B-35 NA – – – – 

B-36 NA – – – – 

B-37 NA – – – – 

B-38 NA – – – – 

NA- Wet rotary has started before we encountered groundwater due to difficult drilling conditions. 
* Borings B-1 through B-7 were drilled in 2016 during the Phase 1 investigation. 

We encountered groundwater at a depth between 24 and 39 feet in the piezometers.  It should be 
noted that groundwater levels determined during drilling may not accurately reflect the true 
groundwater conditions, and therefore should only be considered as approximate. Groundwater 
levels measured in open standpipe piezometers are, on the other hand are more accurate; however, 
these readings will fluctuate seasonally and in response to rainfall.  Other factors that might impact 
piezometric groundwater levels include leakage from existing sewers and/or sanitary sewers. 
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6 TANK FOUNDATION RECOMMENDATIONS 

6.1 General 
Based on the latest information provided by HDR, we understand that the project will involve 
construction of two 14.7 MG prestressed concrete ground storage tanks with 264 feet inside 
diameter.  We understand that a slab-on-grade (membrane slab) with thickened perimeter footing is 
considered as the foundation system as shown in Figure 6-1.  The design foundation loads for the 
proposed tank alternative were provided to us by HDR and DN TANKS.  The design foundation 
loads for the proposed tanks are summarized in Table 6-1. 
 

Table 6-1 – Design Foundation Loads for the Proposed Ground Storage Tanks 

Inside Tank 
Diameter 

(feet) 

Tank 
Capacity 

Depth of  
Water (feet) 

Width of 
Perimeter 
Footing 

(feet) 

Contact  
Pressure  

Beneath Floor 
 (ksf) 

Contact  
Pressure 
 Beneath 
Footing 

 (ksf) 
264 14.7 MG 37 6 2.3 4.8 

 
Borings B-6, B-12 through B-38 were drilled in the vicinity of the proposed tanks and were 
considered in the design. Boring B-6 was included from the Phase 1 investigation. 

6.2 Base Material and Drainage 
We understand that a granular base layer will be place beneath the foundation system.  The base 
material should consist of well-compacted granular material with percent passing the No. 200 sieve 
less than 8% in accordance with ACI 372R-13 A.5.3.  We recommend that the base extend 
horizontally at least 5 feet beyond the edge of the wall footing.  The base material should be placed 
in loose lifts not exceeding eight inches and should be compacted to 95 percent of the maximum dry 
density as determined by ASTM D 1557. 
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Figure 6-1 Drainage/Seepage Collection System Details 
 
We recommend that perforated PVC drains should be constructed along the perimeter of tank as a 
seepage or leak collection system as shown in Figure 6-1.  Also, we recommend that a geotextile 
fabric be installed as a filter beneath the base layer to reduce intrusion of soils from beneath the base 
into the base layer. The excavations should be cut neat and clean with any soft or loose soils 
removed. Water should not be allowed to accumulate within the excavations.  Should water 
accumulate, then any wet or softened soils should be removed or reworked if appropriate, and 
subsequently re-compacted.  The area around the tank should be backfilled with select backfill to the 
planned finished grade elevation. The owner must take care to maintain good drainage around the 
structure.  Select backfill criteria are presented in Section 7.9. 

6.3 Allowable Bearing Capacity for Tank Foundations 
The elevation of the existing grade in the proposed tank area is ranging between about El. 129 and 
El. 131 feet.  We understand that the proposed tank slab bottom elevation will be about 3 to 5 feet 
higher than the existing grade at about El. 134 feet as shown in Figure 6-2.  The borings drilled in 
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the tank area revealed the presence of stiff to hard clays below a depth of 5 feet.  To achieve 
required bearing capacity and limit the settlement in accordance with ACI 372R-13 A.3, we 
recommend excavating the upper 6 feet of existing subgrade material around the tank perimeters 
and the upper 5 feet of existing subgrade material under the tank slab and replace with well-
compacted granular base material in accordance with ACI 372R-13 A.5.3. We also recommend that 
the select fill required to raise the existing grade to the proposed tank slab bottom elevation should 
consist of granular base material in accordance with ACI 372R-13 A.5.3. Our granular base soil 
replacement and fill recommendations for foundations are illustrated in Figure 6-2 below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 6-2 – Granular Base Soil Replacement and Fill Thickness Detail (N.T.S.) 

 
The allowable net bearing capacity for total loads and static loads for the perimeter footing and slab 
are presented in Table 6-2.  The total loads should include dead, live and transient loads.  The 
bearing capacities include a factor of safety of 3 for total loads and 2.25 for static loads according to 
ACI 372R-13 A.3. 
 

Table 6-2 – Allowable Bearing Capacity  

Tank Foundation Soil Replacement 
Depth, Feet 

Allowable Bearing Capacity, psf 

Total Loads Static Loads 

Tank Slab 5 3000 4100 

Tank Perimeter Footing 6 6500 8600 

 
6.4 Potential Vertical Rise for Ground Storage Tank 
Since the soil replacement depth is about 5 to 6 feet below the existing grade, the PVR value for the 
empty tank should less than 1-inch. According to ACI 372R-13 A.3, the PVR should be limited to a 
maximum of 1-inch.   
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6.5 Settlement Analysis for Ground Storage Tanks 
Existing soils will undergo immediate elastic settlements and long-term consolidation settlements 
after the installation of prestressed concrete tanks.  Elastic settlement of the on-site soils should 
occur within a few months after tank installation, and consolidation settlement will take a number of 
years to complete. 
 
We have used the consolidation test results to obtain the soil parameters required for the settlement 
analysis.  In order to evaluate the potential for short-term and long-term settlements of the tanks, we 
used RocScience Settle3D software.  Summary of settlement calculations are presented in Table 6-3.  
Settlement analysis results are presented in Appendix G.  
 

Table 6-3 – Estimated Settlement for the Proposed 14.7 MG Tank 

Tank  
Total Settlement (inches) 

Center Edge Maximum Differential 

GST No. 1 5.5 3.4 to 4.0 2.1 

GST No. 2 6.0 3.3 to 4.3 2.7 

 
6.6 Settlement Reduction Measures 
According to ACI 372R-13 A.3, uniform settlement of the entire tank foundation should be limited 
to a maximum of 6 inches.  Angular distortion should be limited to 1/480 (differential 
settlement/tank radius).  Based on our analysis, the estimated settlement of the proposed tanks with 
the recommended soil replacement in section 6.3 do meet the requirements of ACI 372R-13 A.3 and 
hence additional settlement reduction measures are not required for the proposed tanks. 

6.7 Rebound for Empty Ground Storage Tanks 
Rebound is an upward movement of soil as a consequence of a decrease in effective stress.  Existing 
soils will undergo immediate elastic settlements after the installation of prestressed concrete tanks.  
Elastic settlement of the on-site soils is reversible when the tank becomes empty.  Hence, we expect 
a maximum rebound of 2.9 inches for the proposed tanks based on the estimated immediate elastic 
settlement values.  
 
If the tanks remain empty for an extended period of time, i.e. greater than 3 months, then an 
additional rebound due to heave of consolidation will occur. The amount of heave depends on the 
amount of consolidation settlement that has taken place. Based on our analysis, after the tanks have 
been in place 20 years, heave of about 0.1 inches may occur within 6 months, in addition to elastic 
settlement for a total of 3 inches.  

6.8 Proximity of Storage Tanks  
We recommend that a minimum clearance of 30 feet or 5 perimeter footing width (whichever is 
greater) should be maintained between edge of the perimeter footings to develop the recommended 
bearing capacities and to control settlements.  We understand the width of the proposed perimeter 
footing will be 6 feet and a clearance of about 61 feet will be maintained between edges of the 
perimeter footings.  Hence, the proposed tank spacing is adequate to develop the recommended 
bearing capacities and to control settlements.  
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7 BUILDING FOUNDATION RECOMMENDATIONS 

7.1 General 
Based on the latest site layout provided by AECOM, we understand that the project include 
construction of pump building, chemical building, operations building and maintenance building.  
The proposed buildings are presented in Table 7-1. The proposed building layouts were not 
available at the time of writing this report. However, we understand that the structures at the project 
site will be raised by about 3 feet above existing grade so the proposed buildings are above the 
floodplain elevation. 
 

Table 7-1 – Proposed Buildings 

Building Name Boring in the Vicinity 

Chemical Building B-2 

Pump Room Building B-8 & B-9 

Operations Building B-10 

Maintenance Building B-11 

Switch Gear Pad Building B-5 

7.2 Finished Floor Elevations 
We understand that the proposed buildings are at-grade structures.  Based on the information 
provided by AECOM, it is anticipated that the finished floor elevation for the proposed buildings 
will be about 3 feet above the existing grade.  If significant cuts and/or fills are planned, HVJ should 
be notified to revise our recommendations. 

7.3 Expansive Soil 
One of the major design factors for lightly loaded structures in the Gulf Coast area is the shrinking 
and swelling potential of fine-grained soils.  Shrink-swell movement occurs in response to soil 
moisture content changes beneath the slab.  Moisture changes occur beneath the slab due to 
seasonal changes in the relative amount of rainfall and evaporation potential.  These variations cause 
cyclic changes in soil moisture to depths of up to eight feet in the area.  Also, soil moisture changes 
result from the construction of a slab-on-grade floor due to the presence of the slab/vapor 
barrier/grade beam system.  The installation of the slab, vapor barrier, and grade beams reduces the 
natural moisture transfer from the subsurface beneath the building and generally causes the soil 
moisture content to increase in the soil beneath the building after construction. 
 
The shrink/swell movements can be estimated through the use of the Potential Vertical Rise (PVR) 
values. The PVR value was estimated by the TEX 124-E method for the upper 7 feet of soils at the 
site for worst condition (dry state).  The PVR represents the potential ability of a soil material at a 
specific density, moisture and loading condition to swell.  It indicates the potential movement of the 
soils that may be realized if the soils become wet from a relatively dry condition.  The PVR values 
are provided to demonstrate the relative severity of the swell potential of the clayey soils at the site.  
However, this value is not intended to be used directly as a design parameter.  The actual amount of 
swell the slab may experience depends on many variables, such as the time of year the slab is poured, 
which are not known at the time of this study.  We have calculated the PVR value for the building 
area based on the soils encountered in the borings drilled near the proposed buildings.  The 
estimated PVR values are shown in Table 7-2. 
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Table 7-2 Potential Vertical Rise for the Soils on Site 

Building Name 
Soil Replacement Depth 

(feet) 
PVR 

(inches) 

Chemical Building 
0 1.5 

3 1.0 

Pump Room 
0 1.1 

2 1.0 

Maintenance Building 0 0.5 

Operations Building 0 1.0 

Switch Gear Pad Building 
0 1.8 

4 0.9 
 
7.4 Foundation Selection 
Foundations for the proposed structures must satisfy two basic design criteria.  First, the bearing 
pressure transmitted by the foundation should not exceed the allowable bearing capacity computed 
with an adequate factor of safety.  Second, foundation movement due to soil volume change must 
be within desirable limits. 
  
Based on the information provided by AECOM, we understand that the pump room building will 
be supported on spread footings and the rest of the buildings will be supported on stiffened slab-on-
grade with grade beams. The required soil replacement depths at each building locations are 
presented in Table 7-2.  

7.5 Shallow Foundation Recommendations for Buildings 
We understand that the pump building will be supported on shallow spread footings and the rest of 
the buildings will be supported on stiffened slab-on-grade with grade beams. The proposed building 
area at the site will be raised by about 3 feet above existing grade so the structures are above the 
floodplain elevation. 
 
Shallow Spread Footings.  
 
The proposed pump building will be supported on shallow spread footings.  Based on the 
information provided by HDR, we understand that the footings in the proximity of the piping will 
be founded at El. 120.5 and the rest of the footings will be founded at El. 126-126.5.  The allowable 
bearing capacity and subgrade reaction modulus values for the proposed spread footings are 
presented in Table 7-3.  The allowable bearing capacity includes a factor of safety of 3. 
 

Table 7-3 – Geotechnical Design Parameters for Spread Footings 

Building 
Name 

Approx. 
Foundation 
Elevation 

(feet) 

Soil 
Description 

at the Foundation 
Depth 

Allowable 
Bearing 

Capacity* 
(psf) 

Subgrade 
Reaction 
Modulus 

(pci) 

Pump Room Building 
126.5 - 126 Stiff Clay 2100 125 

120.5 Very Stiff Clay 5100 125 
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Stiffened Slab-On-Grade.  
 
The proposed chemical, operations and maintenance buildings may be supported on a stiffened 
slab-on-grade with grade beams.  We recommend that grade beams extend at least 2 feet below 
finish grade.  The reinforced slab should include integrated grade beams, which in combination with 
steel reinforcement, effectively “stiffens” the slab. Grade beams typically form a grid like pattern 
beneath the floor with the perimeter beam often used to support heavier wall and transfer loads.  
The allowable bearing capacity, subgrade reaction modulus and effective plasticity index values for 
the proposed slab-on-grade foundations are presented in Table 7-4.  The allowable bearing capacity 
includes a factor of safety of 3. 
 

Table 7-4 – Geotechnical Design Parameters for Slab-On-Grade Foundations 

Building 
Name 

Approx. 
Grade Beam 

Depth Below Finish 
Grade (feet) 

Soil 
Replacement 
Depth Below 

Existing 
Grade (feet) 

Foundation Soil  
Beneath the  

Grade Beams 

Allowable 
Bearing 
Capacity 

(psf) 

Subgrade
Reaction 
Modulus 

(pci) 

Effective 
Plasticity 

Index 

Chemical Building 2 3 4’ Compacted Fill 2500* 125 27 

Operations Building 2 0 1’ Compacted Fill 4000** 125 21 

Maintenance Building 2 0 1’ Compacted Fill 1800** 125 11 

Switch Gear Pad Building 2 4 5’ Compacted Fill 2500* 125 29 

* Since the compacted fill thickness at these building locations is about 4 to 5 feet below the grade 
beams (3 to 4 feet of soil replacement plus 1 feet of additional fill to raise the grade), we recommend 
an allowable bearing capacity of 2500 psf for the properly compacted fill.  
**The compacted fill thickness at these building locations is about 1 feet below the grade beams. 
Hence, the allowable bearing capacity was estimated based on natural soil strength.  
 
The allowable bearing capacity values given are based on the field and laboratory test data obtained 
at the boring locations only. The contractor should verify the soil stratum at the time of 
construction. The applied bearing pressure may be determined by the following criteria. 
 

1. Summing the load applied to the foundation, the weight of the foundation, and the 
weight of any soil backfill placed directly above the foundation; 

2. Subtracting the weight of soil excavated from above the foundation depth; and 
3. Dividing the total by the base area of the foundation. 

 
The excavations should be cut neat and clean with any soft or loose soils removed. Water should not 
be allowed to accumulate within the excavations.  Should water accumulate, then any wet or 
softened soils should be removed or reworked if appropriate, and subsequently re-compacted. The 
owner must take care to maintain good drainage around the structure. Select fill criteria are 
presented in Section 7.9. 

7.6 Floor Slab 
The project site will be raised by about 3 feet above existing grade. The criteria for select fill required 
to raise the grade are presented in Section 7.9.  We recommend that the select fill extend 
horizontally at least 5 feet beyond the edge of the building. 
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7.7 Seismic Site Class 
The greater Houston area is generally considered an inactive seismic zone.  Based on the review of 
soil properties and 2015 International Building Code, this project site can be classified as located in 
Site Class D. 

7.8 Settlement for Shallow Foundations 
With the indicated allowable bearing capacity with factor of safety of three, settlement of proposed 
structures is expected to be less than 1-inch. 

7.9 Site Preparation and Select Fill 
The building area should be stripped of all vegetation any other deleterious materials or gravels. 
Stripped areas should be appropriately graded and shaped to prevent ponding of water. Pumping 
may occur if the site becomes wet. Structural fill required to raise the grade or backfill grub holes 
should consist of lean silty or sandy clay with a Liquid Limit less than 40 and a Plasticity Index 
between 8 and 20. Fill material that is used should be placed in loose lifts not exceeding eight inches 
and should be compacted to 95 percent of the maximum dry density at a moisture content between 
optimum and 3% dry of optimum as determined by ASTM D 698. 
 
8 OPEN CUT CONSTRUCTION RECOMMENDATIONS 

The project will involve construction of utilities using open cut techniques.  The actual invert depth 
of the proposed underground utilities is not available at the time of writing this report. We 
understand that the invert depth of utilities will vary from 5 to 17 feet below the existing grade.  The 
preliminary geotechnical recommendations for the open-cut techniques are discussed in the 
following sections. 
 
Excavations should satisfy two requirements.  First, the soils above final grade must be removed 
without disturbing the soil below, which will support constructed facilities.  Second, the sides of the 
excavation must be stable to prevent damage to adjacent streets and facilities as a result of either 
vertical or lateral movements of the soil.  In addition, a satisfactory excavation procedure must 
include an adequate construction dewatering system to lower and maintain the water level at least a 
few feet below the lowest excavation grade. 

Excavation Stability.  Excavations shall be shored, laid back to a stable slope or some other 
equivalent means may be used to provide safety for workers and adjacent structures.  Earth 
pressures for braced excavations are presented on Plates 4A and 4B.  Assessment of the need for 
excavation sloping, use of trench boxes, or other measures required to provide a stable excavation, 
and the use of appropriate construction practices and/or equipment is the contractor’s 
responsibility.  The following comments are intended to represent common solutions to stability 
problems encountered in similar soil conditions in the Houston area, and may not be construed as 
excavation system design recommendations.  The excavation operations shall be performed in 
accordance with 29 CFR Part 1926 subpart P, as amended, including rules published in the Federal 
Register, Vol. 54, No. 209, dated October 31, 1989, as a minimum.  In addition, the provisions of 
legislation enacted by the Texas Legislature and City of Houston should be satisfied. Table 8-1 
shows the classification of soils for excavations according to OSHA standards. 
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Table 8-1 – OSHA Soil Type 

Location 

OSHA Soil Type 

Depth (ft.) 

0 – 5 5 – 10 10 – 15 15 – 20 

Building 
Area B B C C 

 
We recommend that a professional engineer should design temporary support for excavations 
deeper than 20 feet, and that the OSHA tables are not used below this depth. 

In general, it is HVJ’s opinion that the pressure distribution (for braced walls) should be used for 
design of sheeting or trench boxes.  To reduce the potential for ground movement adjacent to the 
top of the excavation, the bracing should be preloaded in stages as the excavation is deepened. 

8.1 Proximity of Utility Lines from Structures  
The proximity of structural foundations and utilities in relation to other should be considered in the 
design.  The presence of utility trench backfill should be considered in the foundation design and the 
structural loads applied on the pipelines should be considered in the pipe design.  

The planned excavation may be performed near existing utilities and structural foundations.  The 
contractors should be aware of potential excavation stability problems while working in the vicinity 
of old trenches and the excavation system should be designed to accommodate this weak material 
(trench backfill).  The vertical walls of excavations should be located a safe distance from existing 
utilities and structural foundations  in order to prevent movement in the soil mass behind the 
excavation that may adversely affect the existing utilities and structural foundations. We recommend 
that the horizontal distance of existing utilities and structural foundations should be greater than 
their vertical distance from the bottom of excavation.  If the horizontal distance of existing 
structural foundations is less than their vertical distance from the bottom of excavation, we 
recommend using special methods such as shoring to prevent movement of soil and foundations.   

Based on the information provided to us by AECOM, we understand that the proposed large 
diameter utility lines will be located at about 32.5 feet from edge of the proposed tanks.  At this time 
no information has been provided to HVJ regarding proposed utility profile details or tank section 
details.  We recommend that the inlet and outlet lines connected to the tanks may be installed 
through the perimeter wall or tank floor.  We estimated an additional tank foundation load of about 
300 psf on top of the proposed underground utility lines that will be located about 32.5 feet from 
edge of the proposed tanks.  This estimation includes the loads from future tanks as well.  The 
expected tank foundation loads on top of the proposed large underground utility lines are shown in 
Appendix H.     

8.2 Temporary Groundwater Control   
We encountered groundwater at a depth between 24 and 39 feet in the piezometers. It should be 
noted that groundwater levels will fluctuate seasonally and in response to rainfall.  Based on our 
experience, we expect the groundwater level may raise to a depth of 14 feet (top of the sand layer) in 
response to a heavy rainfall. 

Assessment of the need for groundwater control and installation of appropriate dewatering 
equipment is the contractor's responsibility at the time of construction.  The following comments 
are intended to represent common solutions to groundwater control problems encountered in 
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similar soil conditions in the Houston area, and may not be construed as dewatering system design 
recommendations.  A conventional pump and sump arrangement may be adequate if water bearing 
cohesive soils are encountered during excavations.  Well points or eductors may be utilized to lower 
the groundwater level to at least three feet below the excavation level where water bearing 
cohesionless soils are encountered. Well points are generally not effective below about 15 feet 
beneath the top of the well point, and deeper dewatering requires deep wells with submersible 
pumps and eductors.  The contractor should expect to encounter groundwater around 14 feet below 
existing grade.  Based on the subsurface soils encountered at the site, excavation may extend into the 
water bearing sand layer. The sand layer may need dewatering at the locations where the excavation 
extends into the water bearing sand layer or within 3 feet of it.   
 
8.3 Open Cut Bedding and Backfill 
Bedding. Placing and compaction of embedment (bedding, haunching, and initial backfill) material 
for utilities should be in accordance with Harris County Standard Specification Item 430. It specifies 
that bottom of the trench should be dry before placement of pipe. If needed, we recommend 
groundwater control in accordance with Specification Item 436 be implemented to achieve stable 
trench conditions and satisfactory foundation base. 
 
Trench Backfill. Trench backfill for utilities should be in accordance with Item 430.5 of the Harris 
County Standard Specification. The backfill material above pipe embedment underneath the 
pavement may consist of on-site soils compacted to 95% of standard Proctor density. For 
compacting the backfill material away from the roadway, 90% of standard Proctor density can be 
allowed as specified in the same section. 
 
9 PAVEMENT RECOMMENDATIONS 

9.1 General 
We understand that the project includes construction of parking and access road pavements.  

9.2 Pavement Sections 
Based on the subgrade soils and our experience, the following pavement sections are recommended 
for the access road and parking lot. 

Table 9-1 – Parking Lot/Access Road Pavement Recommendations 

Types of loads Rigid Pavement Section Flexible Pavement Section 

Heavy Loads 
 (Heavy Truck Traffic) 

7" Concrete 
8" Stabilized Subgrade 

3" Asphaltic Concrete 
9" Limestone Base 

8" Stabilized Subgrade 

Medium Loads (Medium 
Truck and Heavy Use 

Driveways) 

6" Concrete 
8" Stabilized Subgrade 

2.5" Asphaltic Concrete 
8" Limestone Base 

8" Stabilized Subgrade 

Light Loads 
 (Automobile Parking Areas) 

5" Concrete 
8" Stabilized Subgrade 

2" Asphaltic Concrete 
6" Limestone Base 

8" Stabilized Subgrade 

 
We recommend using sections corresponding to heavy loads for areas where dumpsters are planned.  
We further recommend that an appropriate drainage system should be provided to drain the surface 
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water as quickly as possible.  Providing appropriate drainage system will reduce development of 
future pavement distress due to softened subgrade.    

9.3 Preparation of Subgrade 
Medium to high plasticity cohesive soils were generally encountered in the borings.  A clayey 
cohesionless soil layer was observed in borings B-7 and B-10 from surface to 2 feet. We recommend 
that at least eight inches of the subgrade be stabilized with 6 to 8% lime where cohesive soils are 
encountered and with 2% lime and 8% flyash where clayey cohesionless soils are encountered.  
Stabilization of the subgrade should increase the modulus of subgrade reaction and provide 
subgrade stability for construction during inclement weather.  In addition, subgrade stabilization 
should enhance long-term pavement performance by reducing the tendency of the soil to displace 
by pumping.  We recommend the procedures in the following page for subgrade preparation. 

1. Clear the existing pavement section. 

2. Strip the surface soil to suitable depths. In areas where soft, compressible or loose 
soils are encountered, additional stripping may be required. Stripping should extend a 
minimum of two feet beyond the edge of the proposed pavement where possible.  

3. Surfaces exposed after stripping should be proof-rolled to identify any underlying 
zones or pockets of soft soils. Such weak materials should be removed, replaced with 
suitable material meeting the requirements of Harris County Specifications Item 130.  
The material should be compacted to 95 percent of standard proctor maximum dry 
density (ASTM D698), in accordance with Harris County Specifications Item 205.  

4. Before stabilizing the subgrade, scarify the upper eight inches of exposed surface as 
required, mix with lime or lime/flyash and compact it to 95 percent of standard 
proctor maximum dry density (ASTM D698). The amount of lime and lime/flyash 
shall be determined for subgrade soils by conducting laboratory tests on the exposed 
subgrade material during construction.    Construction lime stabilization should 
conform to Harris County Specifications Item 220.  Construction lime/fly-ash 
stabilization should conform to Harris County Specifications Item 223.   

9.4 Crushed Concrete Pavement 
We understand that the project includes construction of crushed concrete pavement at the 
switchgear pad site for low volume truck traffic.  The design is suitable for trucks weighing up to 
72,000 pounds and to support less than 10,000 vehicles during its life. 
                   
We recommend a minimum of 15-inch thick crushed concrete pavement over existing subgrade. 
The crushed concrete material should meet the requirements of Harris County Standard 
Specification Item 230 and should be compacted to 95 percent of the maximum dry density as 
determined by ASTM D698.  The subgrade preparation should follow the recommendations 
provided in Section 9.3 with the exception of subgrade stabilization with lime or lime/flyash is not 
required for the crushed concrete pavement. 

10 DURABILITY OF REINFORCED CONCRETE  

Reinforced concrete is susceptible to damage due to corrosion of reinforcement and sulfate attack of 
the concrete.  There are various systems and code requirements for assessing the potential impacts 
on structures, foundations, and buried utilities in contact with soil and groundwater depending on 
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the material.  Summaries of the relevant provisions from ACI 318M-14 are presented below along 
with recommendations for this project. 
 
Based on the test results, sulfate concentrations in the soil are below the threshold to be considered 
for sulfate attack (ACI 318M-14, Exposure Class S0).  Exposure Class S0 is assigned for conditions 
where the water-soluble sulfate concentration in contact with concrete is low and injurious sulfate 
attack is not a concern. 
 
According to the Caltrans (2003) Corrosion Guidelines, soil with resistivity greater than 1,000 
ohms/cm, pH greater than 5.5, sulfate concentration less than 2,000 ppm and chloride 
concentration less than 600 ppm is considered to have low corrosion potential.  The test results 
revealed that the soils are of low corrosion potential with the exception of pH test results of the 
sample obtained from boring B-3 was measured as 5.4.  ACI 318M-14, Exposure Class C1 may be 
considered for the tank foundation.  Exposure Class C1 is assigned for concrete exposed to 
moisture but not to an external source of chlorides.      
 
11 DESIGN REVIEW 

HVJ Associates, Inc. should review the design and construction plans and specifications prior to 
release to assess if they are in general conformance with the geotechnical recommendations and 
design criteria presented herein. 

12 LIMITATIONS 

This investigation was performed for the exclusive use of AECOM to provide geotechnical 
recommendations for the West Harris County Regional Water Authority Central Pump Station 
project located at 4916 North Fry Road in Houston, Texas. HVJ has endeavored to comply with 
generally accepted geotechnical engineering practice common in the local area. HVJ makes no 
warranty, express or implied. The analyses and recommendations contained in this report are based 
on data obtained from subsurface exploration, laboratory testing, the project information provided 
to us and our experience with similar soils and site condition. The methods used indicate subsurface 
conditions only at the specific locations where samples were obtained, only at the time they were 
obtained, and only to the depths penetrated. Samples cannot be relied on to accurately reflect the 
strata variations that usually exist between sampling locations. Should any subsurface conditions 
other than those described in our boring logs be encountered, HVJ should be immediately notified 
so that further investigation and supplemental recommendations can be provided.  
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BORING LOGS AND KEYS TO TERMS & SYMBOLS  
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SURFACE ELEVATION: 131.5 FT

E 10+80, S 5+60

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Stiff to hard, reddish brown and gray,
SANDY FAT CLAY (CH)

Very stiff, reddish brown and gray, LEAN
CLAY (CL)

Medium dense to dense, reddish brown
and gray, CLAYEY SAND (SC)

Medium dense to dense, brown, SAND
WITH SILT (SP-SM)

Dense, brown, SAND (SP)

DEPTH TO WATER IN BORING:
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 25 FT

WET ROTARY:

OFFSET:
DATE: 9/15/16

V&S EE PLATE A-5

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866710.5; E: 3008134.3

25 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.9 FT

E 8+20, S 7+30

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Reddish brown and gray, SANDY LEAN
CLAY (CL)

Soft to hard, reddish brown and gray,
LEAN CLAY WITH SAND (CL)

Medium dense to dense, brown, SAND
WITH SILT (SP-SM)

Very dense, brown, SAND (SP)

Very dense, brown, CLAYEY SAND
(SC)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-6 (PZ-1)
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 25 FT

WET ROTARY:

OFFSET:
DATE: 9/16/16

V&S EE PLATE A-6

LOCATION:
PROJECT:

COMPLETION DEPTH: 100 FT

WHCRWA Central Pump Station
N: 13866882.6; E: 3007813.4

25 TO 100 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.8 FT

E 5+40, S 5+10

WATER DEPTH 24 HOURS AFTER DRILLING: 39.0 FT
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Very dense, brown, CLAYEY SAND
(SC)  [Continued...]

Stiff, reddish brown, FAT CLAY (CH)

Very stiff to hard, reddish brown and
gray, LEAN CLAY WITH SAND (CL)

-w/ calcareous nodules 53'-55'

Very stiff to hard, reddish brown and
gray, LEAN CLAY (CL)

Stiff, reddish brown and gray, FAT CLAY
(CH)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-6 (PZ-1)
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 25 FT

WET ROTARY:

OFFSET:
DATE: 9/16/16

V&S EE PLATE A-6

LOCATION:
PROJECT:

COMPLETION DEPTH: 100 FT

WHCRWA Central Pump Station
N: 13866882.6; E: 3007813.4

25 TO 100 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.8 FT

E 5+40, S 5+10

WATER DEPTH 24 HOURS AFTER DRILLING: 39.0 FT
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Very dense, brown, CLAYEY SAND
(SC)

-w/ gravel 83'-85'

Hard, brown, LEAN CLAY WITH SAND
(CL)

Dense, brown, SAND WITH CLAY
(SP-SC)
-w/ gravel 98'-100'

DEPTH TO WATER IN BORING:
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LOG OF BORING B-6 (PZ-1)

HAND PENETROMETER

UNCONFINED COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 25 FT

WET ROTARY:

OFFSET:
DATE: 9/16/16

V&S EE PLATE A-6

LOCATION:
PROJECT:

COMPLETION DEPTH: 100 FT

WHCRWA Central Pump Station
N: 13866882.6; E: 3007813.4

25 TO 100 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.8 FT

E 5+40, S 5+10

WATER DEPTH 24 HOURS AFTER DRILLING: 39.0 FT
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Brown, CLAYEY SAND (SC)
-w/ roots 0'-2'

Stiff, reddish brown and gray, SANDY
FAT CLAY (CH)

Very stiff to hard, reddish brown and
gray, LEAN CLAY (CL)

-w/ sand pockets 14'-16'

Medium dense to very dense, brown,
SAND WITH SILT (SP-SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-7

HAND PENETROMETER
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UNCONSOLIDATED-UNDRAINED
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 25 FT

WET ROTARY:

OFFSET:
DATE: 9/19/16

V&S EE PLATE A-7

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866642.6; E: 3007453.1

25 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 131.2 FT

E 1+40, S 6+90

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Firm to very stiff, brown and gray,
SANDY LEAN CLAY (CL)

Stiff to hard, brown and gray, LEAN
CLAY WITH SAND (CL)

Medium dense to dense, brown and
gray, SILTY SAND (SM)

-w/ clay seams at 32'-34'

DEPTH TO WATER IN BORING:
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LOG OF BORING B-8 (PZ-2)

HAND PENETROMETER

UNCONFINED COMPRESSION
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TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 22 FT

WET ROTARY:

OFFSET:
DATE: 6/27/2018

Soltek MP PLATE A-8

LOCATION:
PROJECT:

COMPLETION DEPTH: 40 FT

WHCRWA Central Pump Station
N: 13867081.6; E: 3008060.6

CAVE-IN DEPTH: 20 FT

22 TO 40 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.0 FT

E 8+10, S 3+50

WATER DEPTH 24 HOURS AFTER DRILLING: 29.5 FT
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Firm to very stiff, gray and reddish
brown, LEAN CLAY WITH SAND (CL)
-w/ ferrous stains at 2'-4'

-w/ ferrous stains at 8'-10'

-w/ ferrous stains at 14'-16'

Medium dense to dense, gray and
brown, SILTY SAND (SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-9

HAND PENETROMETER
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UNCONSOLIDATED-UNDRAINED
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 25 FT

WET ROTARY:

OFFSET:
DATE: 6/12/2018

Patino AH PLATE A-9

LOCATION:
PROJECT:

COMPLETION DEPTH: 45 FT

WHCRWA Central Pump Station
N: 13866920.6; E: 3008380.4

25 TO 45 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.4 FT

E 8+10, S 5+20

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Very dense, brown, SAND WITH SILT
(SP-SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-9
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 25 FT

WET ROTARY:

OFFSET:
DATE: 6/12/2018

Patino AH PLATE A-9

LOCATION:
PROJECT:

COMPLETION DEPTH: 45 FT

WHCRWA Central Pump Station
N: 13866920.6; E: 3008380.4

25 TO 45 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.4 FT

E 8+10, S 5+20

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SANDY SILT (ML)
-w/ roots at 0'-2'

Stiff to hard, gray and reddish brown,
LEAN CLAY WITH SAND (CL)

-w/ ferrous stains at 6'-10'

Medium dense, gray, SILTY SAND
(SM)

Dense, gray, SAND WITH SILT
(SP-SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-10

HAND PENETROMETER
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 25 FT

WET ROTARY:

OFFSET:
DATE: 6/12/2018

Patino AH PLATE A-10

LOCATION:
PROJECT:

COMPLETION DEPTH: 25 FT

WHCRWA Central Pump Station
N: 13867029.1; E: 3008267.2

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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P
LA

S
T

IC
 L

IM
IT

, %

P
LA

S
T

IC
IT

Y
 IN

D
E

X
, %

HVJ Associates Inc.

E
LE

V
A

T
IO

N
, F

T

0

5

10

15

20

25

130

125

120

115

110

PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.4 FT

E 10+10, S 4+30

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Stiff to very stiff, brown and gray,
SILTY CLAY WITH SAND (CL-ML)

-w/ ferrous stains at 6'-8'

Stiff to very stiff, gray, SANDY LEAN
CLAY (CL)

-w/ ferrous stains at 12'-14'

Medium dense, brown and gray, SILTY
SAND (SM)
-w/ clay seams at 14'-16'

Medium dense, brown and gray, SAND
WITH SILT (SP-SM)

DEPTH TO WATER IN BORING:
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S
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M
P
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S

LOG OF BORING B-11

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 25 FT

WET ROTARY:

OFFSET:
DATE: 6/12/2018

Patino AH PLATE A-11

LOCATION:
PROJECT:

COMPLETION DEPTH: 25 FT

WHCRWA Central Pump Station
N: 13866892.9; E: 3008230

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.3 FT

E 9+50, S 5+70

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SANDY SILTY CLAY (CL-ML)

Stiff to very stiff, gray and reddish
brown, LEAN CLAY WITH SAND (CL)

-w/ ferrous stains at 6'-10'

Stiff to very stiff, gray and reddish
brown, LEAN CLAY (CL)

-w/ ferrous stains at 12'-14'

Medium dense, brown and gray, SILTY
SAND (SM)

Medium dense to dense, brown and
gray, SAND WITH SILT (SP-SM)

DEPTH TO WATER IN BORING:

S
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M
B

O
L

S
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M
P
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S

LOG OF BORING B-12

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/15/2018

Patino AH PLATE A-12

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867070.7; E: 3007738.7

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.1 FT

E 4+90, S 3+30

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SILTY SAND (SM)
-w/ roots at 0'-2'

Very stiff, brown and gray, SANDY FAT
CLAY (CH)

-w/ ferrous stains at 6'-8'

Very stiff to hard, brown and gray,
LEAN CLAY WITH SAND (CL)

Medium dense, gray and brown, SILTY
SAND (SM)
-w/ clay seams at 16'-18'

Medium dense to dense, brown and
gray, SAND (SP)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-13

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/14/2018

Patino AH PLATE A-13

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867169.5; E: 3007760.2

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.1 FT

E 5+20, S 2+20

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SILTY SAND (SM)

Very stiff to hard, reddish brown and
gray, LEAN CLAY WITH SAND (CL)

Very stiff, reddish brown and gray,
LEAN CLAY (CL)

Medium dense, brown, SAND WITH
SILT (SP-SM)

Medium dense, brown, SAND (SP)

DEPTH TO WATER IN BORING:
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S

LOG OF BORING B-14

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 20 FT

WET ROTARY:

OFFSET:
DATE: 7/17/2018

Patino EE PLATE A-14

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867044.5; E: 3007828.7

20 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 128.2 FT

E 5+80, S 3+50

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SANDY SILT (ML)

Very stiff, gray and reddish brown,
LEAN CLAY WITH SAND (CL)

Firm to very stiff, gray, FAT CLAY (CH)
-w/ ferrous stains at 16'-18'

Medium dense to dense, brown and
gray, SILTY SAND (SM)

-w/ clay seams at 23'-25'

DEPTH TO WATER IN BORING:
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LOG OF BORING B-15

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/14/2018

Patino AH PLATE A-15

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867134.4; E: 3007854.9

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.0 FT

E 6+10, S 2+70

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SILTY SAND (SM)

Stiff to very stiff, gray and reddish
brown, LEAN CLAY WITH SAND (CL)

-w/ ferrous stains at 8'-14'

Medium dense to dense, brown and
gray, SILTY SAND (SM)

-w/ clay seams at 23'-25'

Medium dense, brown and gray, SAND
WITH SILT (SP-SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-16

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/13/2018

Patino AH PLATE A-16

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867242.3; E: 3007771.8

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.0 FT

E 5+50, S 1+50

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Very soft to hard, gray and reddish
brown, LEAN CLAY WITH SAND (CL)

Very stiff to hard, gray and reddish
brown, SANDY LEAN CLAY (CL)

Medium dense to dense, brown and
gray, SILTY CLAYEY SAND (SC-SM)

Medium dense to very dense, brown,
SILTY SAND (SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-17

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 20 FT

WET ROTARY:

OFFSET:
DATE: 6/25/2018

Patino MP PLATE A-17

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867198.7; E: 3007672.4

CAVE-IN DEPTH: 16 FT

20 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.1 FT

E 9+60, S 1+75

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SILT WITH SAND (ML)

Stiff to very stiff, brown and gray, LEAN
CLAY WITH SAND (CL)

-w/ ferrous stains at 6'-12'

Mediun dense, gray and brown,
CLAYEY SAND (SC)

Medium dense, brown and gray, SILTY
CLAYEY SAND (SC-SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-18

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/15/2018

Patino AH PLATE A-18

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867114.2; E: 3007659.6

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.2 FT

E 4+20, S 2+60

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Stiff to hard, brown and gray, FAT
CLAY WITH SAND (CH)
-w/ roots at 0'-2'

Very stiff, gray and reddish brown,
SANDY LEAN CLAY (CL)

Medium dense to dense, gray and
brown, SILTY SAND (SM)
-w/ ferrous stain at 16'-18'

DEPTH TO WATER IN BORING:
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LOG OF BORING B-19
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 20 FT

WET ROTARY:

OFFSET:
DATE: 6/26/2018

Patino MP PLATE A-19

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867028.4; E: 3007688.7

20 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.5 FT

E 4+30, S 3+50

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, CLAYEY SAND (SM)

Stiff to very stiff, brown and reddish
gray, FAT CLAY WITH SAND (CH)

Very stiff, gray and reddish brown,
LEAN CLAY WITH SAND (CL)

Medium dense, brown, SILTY CLAYEY
SAND (SC-SM)

Medium dense to dense, brown, SAND
WITH SILT (SP-SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-20

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/17/2018

Patino EE PLATE A-20

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866981.3; E: 3007766.1

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.4 FT

E 5+00, S 4+00

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Firm to stiff, gray and reddish brown,
LEAN CLAY WITH SAND (CL)

Very stiff to hard, gray and reddish
brown, LEAN CLAY (CL)

Medium dense to dense, brown, SILTY
SAND (SM)

-w/ clay seams at 23'-25'

Dense to very dense, brown, SAND
WITH SILT (SP-SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-21

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/17/2018

Patino EE PLATE A-21

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866995.2; E: 3007855.8

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.4 FT

E 5+90, S 4+10

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Firm, brown, SANDY LEAN CLAY (CL)
-w/ roots at 0'-2'

Stiff to very stiff, gray and reddish
brown, LEAN CLAY WITH SAND (CL)

-w/ ferrous stains at 4'-12'

Very stiff, gray and reddish brown,
LEAN CLAY (CL)
-w/ ferrous stains at 12'-16'

Medium dense to dense, brown and
gray, CLAYEY SAND (SC)

Medium dense, brown, SILTY SAND
(SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-22

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/13/2018

Patino AH PLATE A-22

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867063.3; E: 3007915.5

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.1 FT

E 6+60, S 8+50

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SANDY SILT (ML)

Stiff to hard, gray and reddish brown,
LEAN CLAY WITH SAND (CL)
-w/ ferrous stains at 6'-8'

Medium dense, brown and gray, SILTY
CLAYEY SAND (SC-SM)

Medium dense, brown and gray, SILTY
SAND (SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-23

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/14/2018

Patino AH PLATE A-23

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867153.9; E: 3007917.5

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.1 FT

E 6+80, S 2+60

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SANDY SILT (ML)
-w/ roots at 0'-2'

Stiff to very stiff, brown and gray, LEAN
CLAY WITH SAND (CL)

-w/ ferrous stains at 12'-16'

Medium dense to dense, brown and
gray, SILTY SAND (SM)
-w/ ferrous stains at 16'-18'
-w/ clay seams at 16'-20'

DEPTH TO WATER IN BORING:
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LOG OF BORING B-24

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/14/2018

Patino AH PLATE A-24

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13867224.6; E: 3007860.9

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 130.0 FT

E 6+30, S 1+80

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Stiff to very stiff, brown and gray,
SANDY SILTY CLAY (CL-ML)

Stiff to very stiff, gray, LEAN CLAY
WITH SAND (CL)

-w/ ferrous stains at 12'-14'

Medium dense to dense, brown and
gray, SILTY SAND (SM)

Medium dense, brown, SAND (SP)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-25

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/13/2018

Patino AH PLATE A-25

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866914.1; E: 3007822.4

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.4 FT

E 5+50, S 4+80

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Soft to stiff, gray, SANDY SILTY CLAY
(CL-ML)
-w/ roots at 0'-2'

Very stiff to hard, gray, LEAN CLAY
WITH SAND (CL)

-w/ ferrous stain at 12'-14'

Very stiff, brown and gray, SANDY
LEAN CLAY (CL)

Medium dense to dense, brown and
gray, SILTY SAND (SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-26
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/18/2018

Patino KL PLATE A-26

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866870.7; E: 3007742.9

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.7 FT

E 4+70, S 5+10

WATER DEPTH 24 HOURS AFTER DRILLING: ---

C
O

H
  H

G
15

17
62

9.
1.

G
P

J 
   

9/
27

/1
8



17

33

50

68.3

78.5

65.2

24.5

113

20

19

20

16

16

19

29

14

17

18

13

14

26

4

19

24

31

35

23

Stiff, brown and gray, SANDY SILTY
CLAY (CL-ML)

-w/ roots at 0'-2'

Stiff to very stiff, gray and reddish
brown, LEAN CLAY WITH SAND (CL)

-w/ ferrous stains at 14'-16'

Very stiff, gray and reddish brown,
SANDY FAT CLAY (CH)
-w/ ferrous stains at 16'-20'

Medium dense to dense, light brown,
SILTY SAND (SM)

DEPTH TO WATER IN BORING:
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S

LOG OF BORING B-27 (PZ-3)

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/11/2018

Patino MB PLATE A-27

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866717.8; E: 3007852.6

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.6 FT

E 5+50, S 6+80

WATER DEPTH 24 HOURS AFTER DRILLING: 28.0 FT
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Soft to very stiff, brown and gray, LEAN
CLAY WITH SAND (CL)

Stiff to very stiff, gray and reddish
brown, LEAN CLAY (CL)

-w/ sand seams at 12'-16'

Very dense, gray and brown, SILTY
CLAYEY SAND (SC-SM)

Medium dense to dense, light brown,
SILTY SAND (SM)

DEPTH TO WATER IN BORING:
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S
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P
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S

LOG OF BORING B-28

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/11/2018

Patino MB PLATE A-28

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866786.1; E: 3007710.1

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.6 FT

E 4+30, S 5+90

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Stiff to very stiff, brown, LEAN CLAY
WITH SAND (CL)
-w/ roots at 0'-4'

Stiff to very stiff, brown and gray,
SANDY LEAN CLAY (CL)

-w/ ferrous stains at 8'-10'

Medium dense, brown and gray,
CLAYEY SAND (SC)

Dense, brown, SILTY SAND (SM)

DEPTH TO WATER IN BORING:

S
Y

M
B

O
L

S
A

M
P
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S

LOG OF BORING B-29

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION

TORVANES
T
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/13/2018

Patino MB PLATE A-29

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866793.3; E: 3007907.9

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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Drilled By:
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.5 FT

E 6+10, S 6+20

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Stiff to very stiff, brown and gray, LEAN
CLAY WITH SAND (CL)
-w/ roots at 0'-2'

-w/ ferrous stains at 10'-18'

Medium dense, brown and gray, SILTY
SAND (SM)

Medium dense, brown and gray, SAND
WITH SILT (SP-SM)

DEPTH TO WATER IN BORING:
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S
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S

LOG OF BORING B-30

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/11/2018

Patino MB PLATE A-30

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866700.3; E: 3007739.2

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.5 FT

E 4+40, S 6+80

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Brown, SANDY SILT (ML)
-w/ roots at 0'-2'

Firm to very stiff, brown and gray,
LEAN CLAY WITH SAND (CL)

-w/ ferrous stains at 6'-16'

Stiff to very stiff,  gray, SANDY SILTY
CLAY (CL-ML)

-w/ ferrous stains and calcareous
nodules at 18'-20'

Medium dense, brown and gray, SILTY
CLAYEY SAND (SC-SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-31

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 35 FT

WET ROTARY:

OFFSET:
DATE: 6/15/2018

Patino AH PLATE A-31

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866653.3; E: 3007816.7

N/A TO N/A FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.5 FT

E 5+00, S 7+40

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Soft to very stiff, brown and gray,
SILTY CLAY WITH SAND (CL-ML)
-w/ roots at 0'-2'

Firm to very stiff, brown and gray,
SANDY LEAN CLAY (CL)

-w/ ferrous stains at 10'-12'

Medium dense, brown and gray, SILTY
SAND (SM)

DEPTH TO WATER IN BORING:
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S

LOG OF BORING B-32

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 20 FT

WET ROTARY:

OFFSET:
DATE: 6/13/2018

Patino AH PLATE A-32

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866667.1; E: 3007906.3

20 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.4 FT

E 5+90, S 7+40

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Firm, brown and gray, SANDY LEAN
CLAY (CL)
-w/ roots at 0'-2'

Very stiff to hard, brown and gray,
LEAN CLAY WITH SAND (CL)

Medium dense, brown and gray,
CLAYEY SAND (SC)

Medium dense, brown and gray, SAND
WITH SILT (SP-SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-33

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/18/2018

Patino KL PLATE A-33

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866735.2; E: 3007965.9

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.4 FT

E 6+60, S 6+80

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Stiff to very stiff, reddish brown, LEAN
CLAY WITH SAND (CL)

Brown, SILTY CLAYEY SAND (SC-SM)

Medium dense to dense, brown, SILTY
SAND (SM)
-w/ clay seams at 23'-25'

DEPTH TO WATER IN BORING:
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LOG OF BORING B-34

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/16/2018

Patino EE PLATE A-34

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866825.8; E: 3007968

0 TO 35 FT
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FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.5 FT

E 6+80, S 6+00

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Soft to very stiff, gray and reddish
brown, LEAN CLAY WITH SAND (CL)

-w/ sand seams at 6'-8'

Very stiff, brown, SANDY LEAN CLAY
(CL)

Medium dense to dense, brown, SAND
WITH SILT (SP-SM)

DEPTH TO WATER IN BORING:
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/16/2018

Patino EE PLATE A-35

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866896.5; E: 3007911.3

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.4 FT

E 6+30, S 5+10

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Stiff to very stiff, brown and gray, LEAN
CLAY WITH SAND (CL)

Very stiff, reddish brown, FAT CLAY
(CH)

Very stiff, brown and gray, LEAN CLAY
(CL)

-w/ sand at 14'-16'

Medium dense, brown and gray, SILTY
SAND (SM)
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DEPTH TO WATER IN BORING:
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LOG OF BORING B-36
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/19/2018

Patino KL PLATE A-36

LOCATION:
PROJECT:

COMPLETION DEPTH: 185 FT

WHCRWA Central Pump Station
N: 13866783.4; E: 3007842.6

0 TO 80 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL

D
E

P
T

H
, F

T

Drilled By:

P
LA

S
T

IC
 L

IM
IT

, %

P
LA

S
T

IC
IT

Y
 IN

D
E

X
, %

HVJ Associates Inc.

E
LE

V
A

T
IO

N
, F

T

0

5

10

15

20

25

30

35

40

125

120

115

110

105

100

95

90

PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.6 FT

E 5+50, S 6+10

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Medium dense, brown and gray, SILTY
SAND (SM)  [Continued...]

Stiff, brown and gray, FAT CLAY (CH)

Stiff, reddish brown and gray, LEAN
CLAY (CL)

Brown and gray, CLAYEY SAND (SC)

Medium dense to dense, brown and
gray, SILT (ML)

-w/ gravel at 78'-80'
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DEPTH TO WATER IN BORING:
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LOG OF BORING B-36

HAND PENETROMETER

UNCONFINED COMPRESSION

UNCONSOLIDATED-UNDRAINED
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/19/2018

Patino KL PLATE A-36

LOCATION:
PROJECT:

COMPLETION DEPTH: 185 FT

WHCRWA Central Pump Station
N: 13866783.4; E: 3007842.6

0 TO 80 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.6 FT

E 5+50, S 6+10

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Very dense, brown and gray, SILTY
SAND (SM)
-w/ clay seams

-w/ gravel at 88'-105'

-w/ calcareous nodules at 98'-105'

Stiff to hard, gray, SANDY LEAN CLAY
(CL)

-w/ gravel at 118'-125'
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50/2.5"

50/2"
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DEPTH TO WATER IN BORING:
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LOG OF BORING B-36

HAND PENETROMETER
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/19/2018

Patino KL PLATE A-36

LOCATION:
PROJECT:

COMPLETION DEPTH: 185 FT

WHCRWA Central Pump Station
N: 13866783.4; E: 3007842.6

0 TO 80 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.6 FT

E 5+50, S 6+10

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Stiff to hard, gray, SANDY LEAN CLAY
(CL)  [Continued...]

Very dense, brown and gray, SILTY
SAND (SM)

-w/ sandy silty clay at 143'-145'
-w/ gravel at 143'-145'

-w/ gravel at 148'-165'
-w/ clay seams at 148'-155'

-w/ ferrous stains at 158'-160'

50/5.5"
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50/3"

DEPTH TO WATER IN BORING:
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HAND PENETROMETER
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/19/2018

Patino KL PLATE A-36

LOCATION:
PROJECT:

COMPLETION DEPTH: 185 FT

WHCRWA Central Pump Station
N: 13866783.4; E: 3007842.6

0 TO 80 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.6 FT

E 5+50, S 6+10

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Very dense, brown and gray, SILTY
SAND (SM)  [Continued...]

-w/ clay seams at 163'-165'

-w/ gravel at 173'-185'
-w/ clay seams at 173'-175'

-w/ clay seams at 183'-185'
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DEPTH TO WATER IN BORING:
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LOG OF BORING B-36

HAND PENETROMETER
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TRIAXIAL COMPRESSION
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/19/2018

Patino KL PLATE A-36

LOCATION:
PROJECT:

COMPLETION DEPTH: 185 FT

WHCRWA Central Pump Station
N: 13866783.4; E: 3007842.6

0 TO 80 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.6 FT

E 5+50, S 6+10

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Firm to very stiff, brown and gray,
LEAN CLAY WITH SAND (CL)
-w/ roots at 0'-2'

Stiff to very stiff, gray and reddish
brown, LEAN CLAY (CL)
-w/ ferrous stains at 10'-20'

-w/ sand seams at 16'-18'

Medium dense to dense, brown, SILTY
SAND (SM)

DEPTH TO WATER IN BORING:
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LOG OF BORING B-37
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: N/A

Logged By:

TO N/A FT

WET ROTARY:

OFFSET:
DATE: 7/11/2018

Patino MB PLATE A-37

LOCATION:
PROJECT:

COMPLETION DEPTH: 35 FT

WHCRWA Central Pump Station
N: 13866773.2; E: 3007777.1

0 TO 35 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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PROJECT NO.: HG1517629.1

STATION:

SURFACE ELEVATION: 129.6 FT

E 4+80, S 6+10

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Very stiff, brown, SANDY SILTY CLAY
(CL-ML)
-w/ roots at 0'-2'

Stiff to very stiff, gray and reddish
brown, LEAN CLAY WITH SAND (CL)

Very stiff, brown and gray, LEAN CLAY
(CL)

Stiff, gray, SANDY LEAN CLAY (CL)

Medium dense, brown and gray, SAND
WITH SILT (SP-SM)

Dense, brown, SILTY SAND (SM)

Medium dense to dense, brown,
CLAYEY SAND (SC)
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DEPTH TO WATER IN BORING:
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LOG OF BORING B-38
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 20 FT

WET ROTARY:

OFFSET:
DATE: 6/28/2018

Patino MP PLATE A-38

LOCATION:
PROJECT:

COMPLETION DEPTH: 185 FT

WHCRWA Central Pump Station
N: 13867111.4; E: 3007791.9

CAVE-IN DEPTH: 45 FT

20 TO 185 FT

N/A

FREE WATER DURING DRILLING: ---

DESCRIPTION OF MATERIAL
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Medium dense to dense, brown,
CLAYEY SAND (SC)  [Continued...]

Very stiff, brown and gray, LEAN CLAY
(CL)

Very stiff, gray, LEAN CLAY WITH
SAND (CL)

Very Stiff, brown and gray, SANDY
LEAN CLAY (CL)

Very dense, brown and gray, SILTY
SAND (SM)
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0
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Patino MP PLATE A-38

LOCATION:
PROJECT:

COMPLETION DEPTH: 185 FT

WHCRWA Central Pump Station
N: 13867111.4; E: 3007791.9

CAVE-IN DEPTH: 45 FT

20 TO 185 FT
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Very dense, brown and gray, SILTY
SAND (SM)  [Continued...]

Very dense, brown and gray, SAND
(SP)

-w/ gravel at 103'-105'

Very stiff, gray and reddish brown, FAT
CLAY (CH)
-slickensided at 107'-109'

Very Stiff, gray and reddish brown,
LEAN CLAY (CL)
-w/ calcareous nodules at 113'-115'

Very stiff to hard, brown and gray,
SANDY LEAN CLAY (CL)
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Very stiff to hard, brown and gray,
SANDY LEAN CLAY (CL)
[Continued...]

Dense to very dense, brown and gray,
CLAYEY SAND (SC)
-w/ calcareous nodules at 128'-130'

-w/ calcareous nodules at 133'-135'

-w/ lean clay layer at 143'-145'
-w/ calcareous nodules at 143'-145'

Dense to very dense, brown, SILTY
CLAYEY SAND (SC-SM)
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SAMPLER: Shelby Tube/Split Spoon
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PROJECT:

COMPLETION DEPTH: 185 FT

WHCRWA Central Pump Station
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Dense to very dense, brown, SILTY
CLAYEY SAND (SC-SM)
[Continued...]

-w/ gravel at 173'-175'

-w/ gravel at 183'-185'
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SAMPLER: Shelby Tube/Split Spoon
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APPENDIX B 
 

SUMMARY OF LABORATORY TEST RESULTS 



Company Name: HVJ Associates, Inc
Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

B-1 1 15 0.3
B-1 3 37 14 23 73.1 17 1.2
B-1 5 15 136 1.7 1
B-1 7 15 136 1.6 1.3
B-1 9 47 15 32 19 137 1.7 1.5
B-1 11 37 18 19 136 1.1 1
B-1 13 33 19 14 86 20 134 1.3 1.2
B-1 15 19 0.8
B-1 17 18.7 7
B-1 19 8
B-1 24 25.4 17
B-1 29 17
B-1 34 16.4 20
B-2 1 75.7 15
B-2 3 50 19 31 76 25 0.3
B-2 5 37 1.2
B-2 7 46 15 31 18 127 0.7 1
B-2 11 45 18 27 87.5 26 1.3
B-2 13 27 132 1.1 1
B-2 15 20 0.8
B-2 17 18
B-2 19 27 20 7 65.3 16
B-2 24 63.9 13
B-2 29 62.2 21
B-2 34 14
B-3 1 68.2
B-3 3 47 18 29 76.2 21 0.5

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

Plate B-1



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-3 5 15 133 0.7 1
B-3 7 40 14 26 16 1.5
B-3 11 49 16 33 17 136 2.4 1.5
B-3 15 14 1.2
B-3 17 16.4 5
B-3 19 4
B-3 23 11 4
B-3 27 17.5 4
B-3 29 4
B-4 1 55.3 1
B-4 3 23 13 10 69.5 13
B-4 5 33 12 21 15 138 1.4 1.8
B-4 7 17 1.2
B-4 9 44 14 30 16 138 1.5 0.8
B-4 13 15 139 2 1.4
B-4 15 13
B-4 17 25.3 11
B-4 19 8
B-4 21 11.1 6
B-4 25 9.6 5
B-4 29 4
B-5 1 54.2 17
B-5 3 18 0.8
B-5 5 56 17 39 69 17 137 1.6 0.9
B-5 7 43 14 29 1.5
B-5 9 13 141 2.2 1.5
B-5 11 29 12 17 13 1.4
B-5 13 13 1.3

Plate B-2



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-5 15 24 13 11 23 12
B-5 19 13.5 8
B-5 24 7.1 5
B-5 29 14
B-5 34 3.3 21

B-6 (PZ-1) 1 57.1
B-6 (PZ-1) 3 16 0.2
B-6 (PZ-1) 5 31 18 18 75.3 18 1.2
B-6 (PZ-1) 7 15 136 1.9 1.2
B-6 (PZ-1) 9 18 133 2.2 1.5
B-6 (PZ-1) 11 19 130 1.1 1
B-6 (PZ-1) 13 19 1.2
B-6 (PZ-1) 15 10
B-6 (PZ-1) 17 10.4 5
B-6 (PZ-1) 19 5
B-6 (PZ-1) 24 7.8 4
B-6 (PZ-1) 29 18
B-6 (PZ-1) 34 3.4 20
B-6 (PZ-1) 39 17 17
B-6 (PZ-1) 44 60 27 33 90 35
B-6 (PZ-1) 49 37 18 19 71.1 18 131 1.9 1
B-6 (PZ-1) 54 30 1.1
B-6 (PZ-1) 59 41 21 20 18 135 2.3 1.5
B-6 (PZ-1) 64 36 17 19 20 133 1.8 1.3
B-6 (PZ-1) 69 37 21 16 90.7 22
B-6 (PZ-1) 74 32 120 1.7 1.3
B-6 (PZ-1) 79 66 28 38 0.8
B-6 (PZ-1) 84 17

Plate B-3



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-6 (PZ-1) 89 48.8 23
B-6 (PZ-1) 94 38 16 22 71.4 33
B-6 (PZ-1) 99 9.2 12

B-7 1 45.7 13
B-7 3 50 19 31 68.5 16 128 1 0.9
B-7 5 18 1.2
B-7 7 41 17 24 15 139 1.8 1.5
B-7 9 17 137 2.2 1.5
B-7 11 36 17 19 18 1.2
B-7 13 20 133 1.5 1
B-7 15 14 1.2
B-7 17 5.7 4
B-7 19 4
B-7 24 22
B-7 29 5.2 20
B-7 34 20

B-8 (PZ-2) 1 14
B-8 (PZ-2) 3 34 14 20 67.4 20 125 0.5 0.7
B-8 (PZ-2) 5 16 126 0.6 1.3
B-8 (PZ-2) 7 16 132 2.2 1.2
B-8 (PZ-2) 9 71.8 13 1.5
B-8 (PZ-2) 11 15 132 2.2 1.5
B-8 (PZ-2) 13 14 1.5
B-8 (PZ-2) 15 0.5
B-8 (PZ-2) 17 9
B-8 (PZ-2) 19 21.5 9
B-8 (PZ-2) 21 7
B-8 (PZ-2) 25 12.8 20

Plate B-4



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-8 (PZ-2) 29 16
B-8 (PZ-2) 31 22
B-8 (PZ-2) 35 21.6 22
B-8 (PZ-2) 39 19

B-9 1 18 0.3
B-9 3 42 17 25 73 19 132 0.7 0.7
B-9 4 15
B-9 5 129 0.9 0.7
B-9 7 1.5
B-9 8 15
B-9 9 46 16 30 71.5 1.5
B-9 10 14
B-9 11 136 1.7 1.5
B-9 12 14
B-9 13 1.2
B-9 15 1.3
B-9 16 7
B-9 17 13.2
B-9 20 14
B-9 24 17
B-9 25 31.2
B-9 26 23
B-9 28 16
B-9 32 18
B-9 33 16.2
B-9 36 17
B-9 40 26
B-9 41 8.3

Plate B-5



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-9 44 21
B-10 0 9
B-10 1 54.9
B-10 2 18
B-10 3 127 1.2 0.8
B-10 4 15
B-10 5 1.5
B-10 7 1.3
B-10 8 15
B-10 9 72.4 135 2.1 1.5
B-10 10 17
B-10 11 132 1.9 1.5
B-10 12 18
B-10 13 1.5
B-10 15 1.3
B-10 16 18
B-10 17 28.4
B-10 18 6
B-10 23 6
B-10 24 5
B-11 0 17
B-11 1 0.5
B-11 2 17
B-11 3 23 16 7 83.8 1
B-11 4 15
B-11 5 136 0.5 1.2
B-11 7 1
B-11 9 1.5

Plate B-6



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-11 10 16
B-11 11 40 20 20 60.3 1.5
B-11 12 17
B-11 13 136 1.2 0.8
B-11 16 8
B-11 17 14.6
B-11 23 7
B-11 24 11.1
B-12 0 10
B-12 1 18 14 4 66.2
B-12 2 19
B-12 3 44 21 23 78 125 0.7 1.2
B-12 4 15
B-12 6 15
B-12 7 1.3
B-12 9 1.5
B-12 10 19
B-12 11 46 21 25 88.5 1.5
B-12 12 28
B-12 13 123 0.8 1
B-12 14 17
B-12 15 1.5
B-12 18 8
B-12 19 14.2
B-12 23 21
B-12 28 16
B-12 29 5.8
B-12 33 23

Plate B-7



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-13 0 3
B-13 2 12
B-13 3 58 22 36 61.6 1.2
B-13 4 16
B-13 5 128 1 1.5
B-13 6 15
B-13 7 1.5
B-13 9 1.5
B-13 10 18
B-13 11 43 22 21 80.9 1.5
B-13 12 24
B-13 13 128 2.1 1.5
B-13 14 12
B-13 15 1.5
B-13 18 9
B-13 19 18.6
B-13 23 20
B-13 28 19
B-13 29 24 17 7 4.8
B-13 33 28
B-14 0 8
B-14 2 17
B-14 3 42 18 24 76.2 1
B-14 5 1.5
B-14 6 14
B-14 7 138 2.7 1.5
B-14 8 11
B-14 9 1.5

Plate B-8



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-14 10 17
B-14 11 45 20 25 85.9 1.5
B-14 12 20
B-14 13 125 1.5 1.5
B-14 14 13
B-14 15 1.5
B-14 18 4
B-14 19 8.2
B-14 23 11
B-14 28 19
B-14 29 4.1
B-14 33 15
B-15 0 9
B-15 1 64.3
B-15 2 24
B-15 3 125 1.2 1.2
B-15 5 1
B-15 6 14
B-15 7 40 13 27 80 1.5
B-15 9 1.5
B-15 10 20
B-15 11 127 1.7 1.5
B-15 12 20
B-15 13 1.2
B-15 15 1.5
B-15 16 26
B-15 17 56 20 36 96.6 1.5
B-15 18 25

Plate B-9



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-15 19 0.3
B-15 23 20
B-15 28 21
B-15 29 40.5
B-15 33 20
B-16 0 6
B-16 1 46
B-16 2 17
B-16 3 115 0.9 0.7
B-16 4 13
B-16 5 1.5
B-16 7 1.5
B-16 8 14
B-16 9 38 12 26 71.6 1
B-16 10 17
B-16 11 124 1.9 1.5
B-16 13 1.5
B-16 14 26
B-16 15 1.5
B-16 17 0.7
B-16 18 14
B-16 19 30.3
B-16 23 17
B-16 28 19
B-16 29 9.1
B-16 33 16
B-17 0 22
B-17 1 33 14 19 72.8 0.2

Plate B-10



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-17 2 12
B-17 3 0.1 0.7
B-17 5 1.5
B-17 6 13
B-17 7 138 2.6 1.5
B-17 8 15
B-17 9 39 14 25 62.1 1.5
B-17 10 14
B-17 11 1
B-17 13 1.5
B-17 14 14
B-17 15 127 3.3 1.5
B-17 16 6
B-17 17 26 20 6 17.2
B-17 18 6
B-17 23 16
B-17 28 17
B-17 29 15
B-17 33 17
B-18 0 15
B-18 1 71
B-18 2 23
B-18 3 1.2
B-18 4 18
B-18 5 32 18 14 73 132 0.7 0.7
B-18 6 15
B-18 7 1.5
B-18 9 1.3

Plate B-11



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-18 10 19
B-18 11 1.5
B-18 12 24
B-18 13 124 1.4 1.5
B-18 14 19
B-18 15 32 20 12 49 1.5
B-18 16 16
B-18 23 16
B-18 24 23 18 5 13.7
B-18 28 20
B-18 33 19
B-18 34 25.4
B-19 0 8
B-19 1 1.5
B-19 2 20
B-19 3 51 17 34 73.1 127 0.8 1.2
B-19 4 14
B-19 5 0.8
B-19 7 3.1 1.5
B-19 8 12
B-19 9 1.5
B-19 11 1.5
B-19 12 21
B-19 13 43 16 27 69.7 125 1.4 1.5
B-19 14 15
B-19 15 1.3
B-19 16 8
B-19 18 8

Plate B-12



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-19 19 20.5
B-19 23 16
B-19 28 17
B-19 29 18.6
B-19 33 18
B-20 0 15
B-20 2 19
B-20 3 57 19 38 78.3 0.7
B-20 4 19
B-20 5 0.7
B-20 6 14
B-20 7 137 1.8 1.4
B-20 8 16
B-20 9 33 13 20 82.3 1.4
B-20 11 1.5
B-20 12 19
B-20 13 1.3
B-20 14 16
B-20 15 26 20 6 40.8
B-20 18 9
B-20 23 18
B-20 24 5.4
B-20 33 20
B-20 34 7.5
B-21 0 18
B-21 1 25 14 9 70.7 0.3
B-21 3 0.8
B-21 4 18

Plate B-13



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-21 5 74.8 0.8
B-21 8 17
B-21 9 45 17 28 85.1
B-21 10 18
B-21 11 130 2.1 1.5
B-21 12 19
B-21 13 1.2
B-21 16 11
B-21 17 22
B-21 23 30
B-21 28 15
B-21 29 7.6
B-21 33 17
B-22 0 6
B-22 1 24 16 8 63.5 0.3
B-22 2 33
B-22 3 47 15 32 129 0.8 0.5
B-22 4 16
B-22 5 72.2 1.5
B-22 7 1.3
B-22 8 16
B-22 9 131 0.8 1.5
B-22 11 1.5
B-22 12 21
B-22 13 44 14 30 89.5 1.5
B-22 15 1.2
B-22 16 18
B-22 23 16

Plate B-14



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-22 24 23 13 10 21.5
B-22 28 21
B-22 33 19
B-22 34 21.3
B-23 0 6
B-23 1 65.2
B-23 2 15
B-23 3 128 1.5 1.5
B-23 5 0.8
B-23 6 14
B-23 7 45 13 22 77 1.5
B-23 8 15
B-23 9 136 2.1 1.5
B-23 10 16
B-23 11 1.5
B-23 13 1.3
B-23 14 15
B-23 15 1.2
B-23 16 12
B-23 17 22 18 4 31.8
B-23 18 6
B-23 23 20
B-23 28 20
B-23 29 16
B-23 33 21
B-24 0 3
B-24 1 60.7 0.3
B-24 2 18

Plate B-15



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-24 3 45 17 28 77.3 126 1.4 1
B-24 4 16
B-24 5 0.5
B-24 7 1.5
B-24 8 16
B-24 9 39 16 23 76.9 1.3
B-24 10 18
B-24 11 131 1.6 1.5
B-24 12 20
B-24 13 1.5
B-24 15 1.5
B-24 16 8
B-24 17 29.3
B-24 18 10
B-24 23 18
B-24 28 18
B-24 29 21.4
B-24 33 25
B-25 0 16
B-25 1 20 14 6 66.6
B-25 2 19
B-25 3 0.8
B-25 4 8
B-25 5 138 1.1 1.3
B-25 7 0.7
B-25 8 17
B-25 9 42 22 20 80.1 1.5
B-25 10 18

Plate B-16



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-25 11 129 1.1 1.3
B-25 12 18
B-25 13 1.5
B-25 15 1
B-25 16 9
B-25 17 16.2
B-25 23 16
B-25 28 18
B-25 29 4.8
B-25 33 23
B-26 0 18
B-26 1 19 14 5 66.9 126 0.6 0.2
B-26 2 20
B-26 3 0.3
B-26 4 18
B-26 5 0.5
B-26 7 2.1 1.5
B-26 8 16
B-26 9 43 18 25 80.6 1.5
B-26 10 21
B-26 11 128 1.7 1.5
B-26 13 1.3
B-26 14 18
B-26 15 34 18 16 60.9 1.2
B-26 18 16
B-26 19 1
B-26 23 20
B-26 24 21.5

Plate B-17



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-26 28 20
B-26 33 20
B-26 34 19.9

B-27 (PZ-3) 0 20
B-27 (PZ-3) 1 17 13 4 68.3
B-27 (PZ-3) 2 19
B-27 (PZ-3) 4 20
B-27 (PZ-3) 5 0.6
B-27 (PZ-3) 6 16
B-27 (PZ-3) 7 131 0.8 1.2
B-27 (PZ-3) 8 78.5 16
B-27 (PZ-3) 9 33 14 19 1.5
B-27 (PZ-3) 11 0.8
B-27 (PZ-3) 12 19
B-27 (PZ-3) 13 1.5
B-27 (PZ-3) 15 1.2
B-27 (PZ-3) 17 50 26 24 65.2 1.3
B-27 (PZ-3) 18 29
B-27 (PZ-3) 19 1.3
B-27 (PZ-3) 23 14
B-27 (PZ-3) 28 17
B-27 (PZ-3) 29 24.5
B-27 (PZ-3) 33 18

B-28 0 16
B-28 1 0.2
B-28 2 22
B-28 3 43 20 23 80.3 0.4
B-28 5 1

Plate B-18



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-28 6 16
B-28 7 136 1.6 1.2
B-28 9 1.3
B-28 10 20
B-28 11 48 20 28 87.6 1.2
B-28 12 20
B-28 13 125 1.2 1.4
B-28 14 21
B-28 15 1.2
B-28 17 0.7
B-28 18 12
B-28 19 24 19 5 49
B-28 23 15
B-28 28 15
B-28 29 25.9
B-28 33 20
B-29 0 16
B-29 1 24 12 12 70.9 133 0.6 0.7
B-29 2 17
B-29 3 1
B-29 5 1.2
B-29 6 15
B-29 7 31 12 19 69.9 0.8
B-29 8 16
B-29 9 138 1.8 1.3
B-29 10 17
B-29 11 1.5
B-29 13 1

Plate B-19



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-29 14 14
B-29 15 32.1 136 1.7 1.3
B-29 23 19
B-29 24 27 14 13 43.1
B-29 28 14
B-29 33 20
B-29 34 12.5
B-30 0 20
B-30 2 15
B-30 3 45 14 31 74.4 135 0.5 0.7
B-30 4 16
B-30 5 0.8
B-30 7 1.7 1.5
B-30 8 16
B-30 9 1.5
B-30 10 15
B-30 11 38 11 27 72.2 1.3
B-30 12 19
B-30 13 127 1.1 0.8
B-30 14 19
B-30 15 1.3
B-30 16 17
B-30 17 0.8
B-30 19 1.3
B-30 23 16
B-30 24 37.4
B-30 28 14
B-30 33 17

Plate B-20



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-30 34 5.4
B-31 0 13
B-31 1 17 14 3 66.5 123 0.3 0.3
B-31 2 15
B-31 3 1
B-31 5 0.5 1.3
B-31 6 14
B-31 7 0.7
B-31 8 15
B-31 9 36 18 18 80.1 138 1.7 1.2
B-31 10 22
B-31 11 1.5
B-31 12 24
B-31 13 1.5
B-31 15 1.5
B-31 16 22
B-31 17 26 22 4 1.3
B-31 18 38
B-31 19 116 0.6 1
B-31 23 17
B-31 24 22 18 4 18.6
B-31 28 25
B-31 33 21
B-31 34 17.6
B-32 0 16
B-32 1 18 13 5 70.3 130 0.4 0.3
B-32 2 20
B-32 3 0.2

Plate B-21



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-32 4 17
B-32 5 1.3
B-32 7 0.7
B-32 8 17
B-32 9 46 22 24 61.7 131 1.2 1.5
B-32 11 1.3
B-32 12 20
B-32 13 1.5
B-32 14 20
B-32 15 0.3
B-32 18 7
B-32 19 14.5
B-32 23 16
B-32 28 19
B-32 29 20.3
B-32 33 19
B-33 0 18
B-33 1 29 13 16 67.2 0.5
B-33 2 23
B-33 3 121 0.5 0.3
B-33 4 20
B-33 5 0.3
B-33 8 16
B-33 9 39 14 25 72.9 1.3
B-33 10 23
B-33 11 121 2.1 1.5
B-33 14 13
B-33 15 1.3

Plate B-22



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-33 16 21
B-33 17 27 14 13 30.7
B-33 18 13
B-33 23 19
B-33 28 17
B-33 29 9.4
B-33 33 20
B-34 0 19
B-34 1 0.8
B-34 2 17
B-34 3 32 13 19 70.8 0.9
B-34 5 1.1
B-34 6 14
B-34 7 138 1.9 1.3
B-34 8 17
B-34 9 43 15 28 77.1 1.5
B-34 11 1.3
B-34 12 34
B-34 13 121 0.9 1.1
B-34 14 17
B-34 15 25 18 7 46.1 0.9
B-34 17 1.5
B-34 19 0.8
B-34 23 13
B-34 24 18
B-34 28 13
B-34 33 18
B-34 34 25.2

Plate B-23



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-35 0 28
B-35 1 38 15 23 76.7 0.2
B-35 2 23
B-35 3 0.5
B-35 4 17
B-35 5 133 0.5 1
B-35 6 15
B-35 7 39 14 25 75.2 1.5
B-35 9 1.3
B-35 10 16
B-35 11 135 1.7 1.5
B-35 13 0.9
B-35 14 17
B-35 15 29 17 12 53.5 1.5
B-35 18 12
B-35 23 15
B-35 28 18
B-35 29 6.7
B-35 33 21
B-36 3 21 12 9 78.2 1
B-36 4 13
B-36 5 1.9 1.5
B-36 6 14
B-36 7 1.3
B-36 8 20
B-36 9 128 1.4 1.4
B-36 10 22
B-36 11 51 20 31 88.9 1.3

Plate B-24



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-36 12 19
B-36 13 39 18 21 91.8 124
B-36 14 20
B-36 15 42 16 26 80.2 1.5
B-36 18 8
B-36 23 14
B-36 24 30.5
B-36 28 23
B-36 33 21
B-36 34 24.2
B-36 38 19
B-36 43 34
B-36 44 50 25 25 88.9 21
B-36 46 46 19 27 95.7 132
B-36 49 1
B-36 53 19
B-36 54 1
B-36 58 15
B-36 59 49 135 2.6 1
B-36 63 23
B-36 64 0.2
B-36 68 25
B-36 73 34
B-36 74 91.2
B-36 88 16
B-36 89 38 19 19 36.2
B-36 93 31
B-36 98 29

Plate B-25



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-36 103 11
B-36 104 29 16 13 25.5
B-36 108 28
B-36 114 1.5
B-36 118 24
B-36 119 0.8
B-36 123 19
B-36 124 35 13 22 51.8
B-36 128 16
B-36 129 1.5
B-36 133 16
B-36 134 27 11 16 41.4
B-36 138 15
B-36 143 34
B-36 144 64.5
B-36 148 26
B-36 153 27
B-36 154 42.2
B-36 158 20
B-36 163 30
B-36 168 21
B-36 169 30.8
B-36 173 22
B-36 178 16
B-36 179 31
B-36 183 16
B-37 0 20
B-37 2 20

Plate B-26



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-37 3 30 17 13 75.6 0.4
B-37 5 16 0.5
B-37 6 137 1.6
B-37 7 1.3
B-37 9 1.5
B-37 10 20
B-37 11 41 18 23 88.5 1.3
B-37 13 0.8
B-37 14 23
B-37 15 1.3
B-37 17 1.4
B-37 18 22
B-37 19 32 21 11 90.3 123 0.6 1.5
B-37 23 25
B-37 28 19
B-37 29 26.7
B-37 33 15
B-38 0
B-38 1 20 16 4 64.2 1.5
B-38 2 13
B-38 3 1
B-38 5 0.7
B-38 6 15
B-38 7 40 18 22 79.5 130 1.2
B-38 8 18
B-38 9 48 20 28 85.9 1.2
B-38 10 19
B-38 11 127 1.6 1.3

Plate B-27



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-38 13 0.7
B-38 14 17
B-38 15 29 21 8 54.7 0.7
B-38 16 12
B-38 18 5
B-38 19 8.3
B-38 23 10
B-38 28 16
B-38 29 16.3
B-38 33 16
B-38 38 23
B-38 39 28 19 9 39.4
B-38 43 19
B-38 48 17
B-38 49 35 18 17 92.9 1.2
B-38 54 1.2
B-38 58 18
B-38 59 45 20 25 76.7 1.5
B-38 63 22
B-38 64 124 2 1.5
B-38 68 22
B-38 74 30 19 11 66.4 1.5
B-38 78 17
B-38 83 20
B-38 84 24
B-38 88 19
B-38 93 19
B-38 98 19

Plate B-28



Project Name:  WHCRWA Central Pump Station
Project Location:  Houston, Texas
Project Number:  HG1517629.1

Moisture 
Content (%)

Total Density 
(pcf)

Shear Strength 
(UU) (tsf)

Shear Strength 
(Pocket Pen) (tsf)

Shear Strength 
(UC) (tsf)

% Pass 
#200 SieveBorehole Depth Liquid 

Limit
Plastic 
Limit

Plasticity 
Index

B-38 99 2.4
B-38 103 12
B-38 108 18
B-38 109 60 24 36 89.3 132 1.8 1.5
B-38 113 31
B-38 114 44 19 25 81.5 135 1.3
B-38 118 12
B-38 119 34 13 21 66 138 3.7 1.5
B-38 123 16
B-38 128 25
B-38 129 36 16 20 42.5
B-38 133 20
B-38 138 16
B-38 143 22
B-38 144 33 24 9 84.1
B-38 148 15
B-38 153 15
B-38 158 28
B-38 159 23 16 7 40.5
B-38 163 18
B-38 168 20
B-38 169 16.9
B-38 173 25
B-38 178 19
B-38 179 18
B-38 183 26
Total 124 124 124 209 470 96 44 54 253

Plate B-29



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

PIEZOMETER INSTALLATION RECORDS 



araavi
Typewritten Text
Water Level Readings

araavi
Typewritten Text
Date

araavi
Typewritten Text
Depth, Feet

araavi
Typewritten Text
Elevation, Feet

araavi
Typewritten Text
09/17/2016

araavi
Typewritten Text
39.0

araavi
Typewritten Text
92.0

araavi
Typewritten Text
N/A

araavi
Typewritten Text
10/01/2016

araavi
Typewritten Text
Dry

araavi
Typewritten Text
09/16/2016

araavi
Typewritten Text
B-6 (PZ-1)

araavi
Typewritten Text
HG1517629.1

araavi
Typewritten Text
PLATE C-1

araavi
Typewritten Text
40'

araavi
Typewritten Text
30'

araavi
Typewritten Text
28'

araavi
Typewritten Text
2'

araavi
Typewritten Text
0'

araavi
Typewritten Text
-2'

araavi
Typewritten Text
10/16/2016

araavi
Typewritten Text
Dry

araavi
Typewritten Text
N/A

araavi
Typewritten Text
01/18/2017

araavi
Typewritten Text
Dry

araavi
Typewritten Text
N/A



araavi
Typewritten Text
Water Level Readings

araavi
Typewritten Text
Date

araavi
Typewritten Text
Depth, Feet

araavi
Typewritten Text
Elevation, Feet

araavi
Typewritten Text
08/25/2018

araavi
Typewritten Text
29.5

araavi
Typewritten Text
100.5

araavi
Typewritten Text
99.0

araavi
Typewritten Text
09/13/2018

araavi
Typewritten Text
31.0

araavi
Typewritten Text
08/24/2018

araavi
Typewritten Text
B-8 (PZ-2)

araavi
Typewritten Text
HG1517629.1

araavi
Typewritten Text
PLATE C-2

araavi
Typewritten Text
40'

araavi
Typewritten Text
30'

araavi
Typewritten Text
28'

araavi
Typewritten Text
2'

araavi
Typewritten Text
0'

araavi
Typewritten Text
-2'

araavi
Typewritten Text
09/24/2018

araavi
Typewritten Text
Dry

araavi
Typewritten Text
N/A
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APPENDIX D 
 

CONSOLIDATION TEST RESULTS 



HVJ ASSOCIATES, INC.
CONSOLIDATION TEST RESULTS

ASTM D-2435

Project Name:    Boring No. B-1
Project No. HG1517629.1    Sample No. 6
Date Tested: 12/7/2016 - 12/28/2016    Sample Depth 10-12
Technician: KC    Date Calculated: 12/28/2016

Sample Data Initial Final Test Data Initial Final
Sample Height (in) 0.786 0.736 Wet + Ring (g) 197.230 195.850
Diameter (in) 2.501 2.501 Dry + Ring (g) 176.460 176.460
Volume (cc) 63.276 59.243 Ring Wt. (g) 66.880 66.880
Height of Solids (in) 0.495 0.495 Moisture Data (Trimmings) LL
Specific Gravity (assumed) 2.750 2.750 Wet + Tare (g) 117.600 37
Moisture Content (%) 18.954 17.695 Dry + Tare (g) 103.870 PI
Wet Density (pcf) 128.545 135.843 Tare (g) 31.430 19
Dry Density (pcf) 108.063 115.419 Moisture Content (%) 18.954

Void Ratio 0.588 0.487 Sample Description

Percent Saturation 88.7 100.0

Applied Calibr. Def. Corr. Cum Void

Press. Rdg. Rdg. Reading Strain Ratio Void t50 Cv

(tsf) (in.) (in.) (in.) (%) Change Ratio (min.) (in2/day)

0.356 0.0032 0.0055 0.0023 0.29 0.00 0.58 0.25 174.18

0.711 0.0045 0.0091 0.0046 0.59 0.01 0.58 6.00 7.22

1.422 0.0069 0.0180 0.0111 1.41 0.02 0.57 6.00 7.10

2.844 0.0097 0.0295 0.0198 2.52 0.04 0.55 16.00 2.60

4.268 0.0115 0.0381 0.0266 3.38 0.05 0.53 18.00 2.27

2.844 0.0110 0.0370 0.0260 3.31 0.05 0.54 0.25 163.81

1.422 0.0099 0.0326 0.0227 2.89 0.05 0.54 4.00 10.33

2.844 0.0108 0.0356 0.0248 3.16 0.05 0.54 2.00 20.54

5.688 0.0128 0.0457 0.0329 4.19 0.07 0.52 16.00 2.51

11.376 0.0164 0.0644 0.0480 6.11 0.10 0.49 8.00 4.83

22.752 0.0199 0.0855 0.0656 8.35 0.13 0.46 7.50 4.91

11.376 0.0183 0.0822 0.0639 8.13 0.13 0.46 2.00 18.48

5.688 0.0168 0.0774 0.0606 7.71 0.12 0.47 6.00 6.22

2.840 0.0151 0.0705 0.0554 7.05 0.11 0.48 27.00 1.40

1.422 0.0133 0.0634 0.0501 6.37 0.10 0.49 37.00 1.04

Lean Clay (CL)

WHCRWA Central Pump Station

PLATE D-1-a



HVJ ASSOCIATES, INC.
CONSOLIDATION TEST RESULTS

Project Name: WHCRWA Central Pump Station              Boring No.  B-1
Project No. HG1517629.1 Sample No.  6

Sample Depth  10-12
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HVJ ASSOCIATES, INC.
CONSOLIDATION TEST RESULTS

ASTM D-2435

Project Name:    Boring No. B-5
Project No. HG1517629.1    Sample No. 4
Date Tested: 12/8/2016 - 12/23/2016    Sample Depth 6-8'
Technician: KC    Date Calculated: 12/28/2016

Sample Data Initial Final Test Data Initial Final
Sample Height (in) 0.784 0.758 Wet + Ring (g) 203.710 204.020
Diameter (in) 2.500 2.500 Dry + Ring (g) 186.610 186.610
Volume (cc) 63.065 60.941 Ring Wt. (g) 66.900 66.900
Height of Solids (in) 0.541 0.541 Moisture Data (Trimmings) LL
Specific Gravity (assumed) 2.750 2.750 Wet + Tare (g) 116.150 56
Moisture Content (%) 14.285 14.543 Dry + Tare (g) 105.560 PI
Wet Density (pcf) 135.368 140.402 Tare (g) 31.400 39
Dry Density (pcf) 118.448 122.576 Moisture Content (%) 14.280

Void Ratio 0.449 0.400 Sample Description

Percent Saturation 87.5 100.0

Applied Calibr. Def. Corr. Cum Void

Press. Rdg. Rdg. Reading Strain Ratio Void t50 Cv

(tsf) (in.) (in.) (in.) (%) Change Ratio (min.) (in2/day)

0.356 0.0031 0.0016 -0.0015 -0.19 0.00 0.452 0.25 174.98

0.711 0.0047 0.0040 -0.0007 -0.09 0.00 0.450 0.19 229.77

1.422 0.0064 0.0080 0.0016 0.20 0.00 0.446 0.35 124.00

2.844 0.0088 0.0161 0.0073 0.93 0.01 0.435 1.00 42.77

4.268 0.0102 0.0217 0.0115 1.47 0.02 0.427 8.00 5.29

2.844 0.0097 0.0210 0.0113 1.44 0.02 0.428 0.25 169.33

1.422 0.0088 0.0170 0.0082 1.05 0.02 0.434 5.00 8.53

2.844 0.0095 0.0194 0.0099 1.26 0.02 0.430 2.00 21.24

5.688 0.0112 0.0263 0.0151 1.93 0.03 0.421 5.00 8.38

11.376 0.0137 0.0411 0.0274 3.49 0.05 0.398 8.50 4.77

22.752 0.0153 0.0587 0.0434 5.54 0.08 0.369 12.00 3.24

11.376 0.0144 0.0553 0.0409 5.22 0.08 0.373 4.00 9.79

5.688 0.0135 0.0503 0.0368 4.69 0.07 0.381 7.00 5.65

2.840 0.0122 0.0440 0.0318 4.06 0.06 0.390 27.00 1.49

1.422 0.0111 0.0375 0.0264 3.37 0.05 0.400 45.00 0.90

Fat Clay (CH)

WHCRWA Central Pump 
Station

PLATE D-2-a



HVJ ASSOCIATES, INC.
CONSOLIDATION TEST RESULTS

Project Name: WHCRWA Central Pump Station              Boring No.  B-5
Project No. HG1517629.1 Sample No.  4

Sample Depth  6-8'
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HVJ ASSOCIATES, INC.
CONSOLIDATION TEST RESULTS

ASTM D-2435

Project Name:    Boring No. B-6
Project No. HG1517629.1    Sample No. 17
Date Tested: 1/15/2017 - 2/1/2017    Sample Depth 53-55'
Technician: KC    Date Calculated: 2/2/2017

Sample Data Initial Final Test Data Initial Final
Sample Height (in) 0.788 0.775 Wet + Ring (g) 188.020 188.930
Diameter (in) 2.500 2.500 Dry + Ring (g) 160.690 160.690
Volume (cc) 63.387 62.365 Ring Wt. (g) 66.820 66.820
Height of Solids (in) 0.424 0.424 Moisture Data (Trimmings) LL
Specific Gravity (assumed) 2.750 2.750 Wet + Tare (g) 108.170 41
Moisture Content (%) 29.115 30.084 Dry + Tare (g) 90.560 PI
Wet Density (pcf) 119.314 122.179 Tare (g) 30.070 20
Dry Density (pcf) 92.409 93.923 Moisture Content (%) 29.112

Void Ratio 0.857 0.827 Sample Description

Percent Saturation 93.4 100.0

Applied Calibr. Def. Corr. Cum Void

Press. Rdg. Rdg. Reading Strain Ratio Void t50 Cv

(tsf) (in.) (in.) (in.) (%) Change Ratio (min.) (in2/day)

0.356 0.0033 0.0030 -0.0003 -0.04 0.00 0.858 0.25 176.23

0.711 0.0046 0.0044 -0.0002 -0.03 0.00 0.857 0.18 244.71

1.422 0.0065 0.0076 0.0011 0.14 0.00 0.854 0.19 231.06

2.844 0.0089 0.0124 0.0035 0.44 0.01 0.849 0.35 124.67

4.268 0.0105 0.0171 0.0066 0.84 0.02 0.841 0.25 173.16

2.844 0.0102 0.0147 0.0045 0.57 0.01 0.846 20.00 2.18

1.422 0.0091 0.0108 0.0017 0.22 0.00 0.853 15.00 2.92

2.844 0.0080 0.0131 0.0051 0.65 0.01 0.845 5.50 7.90

5.688 0.0118 0.0204 0.0086 1.09 0.02 0.837 9.00 4.79

11.376 0.0151 0.0371 0.0220 2.79 0.05 0.805 20.00 2.08

22.752 0.0186 0.0651 0.0465 5.90 0.11 0.747 28.00 1.39

11.376 0.0169 0.0565 0.0396 5.03 0.09 0.764 20.00 1.99

5.688 0.0153 0.0448 0.0295 3.74 0.07 0.787 47.00 0.87

2.840 0.0138 0.0343 0.0205 2.60 0.05 0.809 80.00 0.52

1.422 0.0122 0.0249 0.0127 1.61 0.03 0.827 105.00 0.41

Lean Clay (CL)

WHCRWA Central Pump Station

PLATE D-3-a



HVJ ASSOCIATES, INC.
CONSOLIDATION TEST RESULTS

Project Name: WHCRWA Central Pump Station              Boring No.  B-6
Project No. HG1517629.1 Sample No.  17

Sample Depth  53-55'
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HVJ ASSOCIATES, INC.
CONSOLIDATION TEST RESULTS

ASTM D-2435

Project Name:    Boring No. B-6
Project No. HG1517629.1    Sample No. 22
Date Tested: 1/15/2017 - 2/3/2017    Sample Depth 78-80'
Technician: KC    Date Calculated: 2/3/2017

Sample Data Initial Final Test Data Initial Final
Sample Height (in) 0.780 0.719 Wet + Ring (g) 181.150 177.070
Diameter (in) 2.498 2.498 Dry + Ring (g) 149.390 149.390
Volume (cc) 62.643 57.712 Ring Wt. (g) 66.810 66.810
Height of Solids (in) 0.374 0.374 Moisture Data (Trimmings) LL
Specific Gravity (assumed) 2.750 2.750 Wet + Tare (g) 100.290 66

Moisture Content (%) 38.460 33.519 Dry + Tare (g) 80.730 PI
Wet Density (pcf) 113.897 119.217 Tare (g) 29.880 38

Dry Density (pcf) 82.260 89.289 Moisture Content (%) 38.466

Void Ratio 1.086 0.922 Sample Description

Percent Saturation 97.4 100.0

Applied Calibr. Def. Corr. Cum Void

Press. Rdg. Rdg. Reading Strain Ratio Void t50 Cv

(tsf) (in.) (in.) (in.) (%) Change Ratio (min.) (in2/day)

0.356 0.0031 0.0029 -0.0002 -0.03 0.00 1.087 0.25 172.63

0.711 0.0047 0.0054 0.0007 0.09 0.00 1.084 0.33 130.48

1.422 0.0064 0.0099 0.0035 0.45 0.01 1.077 0.65 65.77

2.844 0.0088 0.0191 0.0103 1.32 0.03 1.059 7.50 5.60

4.268 0.0102 0.0280 0.0178 2.28 0.05 1.038 22.00 1.87

2.844 0.0097 0.0249 0.0152 1.95 0.04 1.045 9.00 4.61

1.422 0.0088 0.0181 0.0093 1.19 0.02 1.061 23.00 1.83

2.844 0.0095 0.0227 0.0132 1.69 0.04 1.051 13.00 3.21

5.688 0.0112 0.0364 0.0252 3.23 0.07 1.019 20.00 2.02

11.376 0.0137 0.0734 0.0597 7.65 0.16 0.926 40.00 0.92

22.752 0.0153 0.1318 0.1165 14.94 0.31 0.774 65.00 0.48

11.376 0.0144 0.1269 0.1125 14.42 0.30 0.785 32.00 0.99

5.688 0.0131 0.1087 0.0956 12.26 0.26 0.830 65.00 0.51

2.840 0.0122 0.0900 0.0778 9.97 0.21 0.878 100.00 0.35

1.422 0.0111 0.0725 0.0614 7.87 0.16 0.922 150.00 0.24

Fat Clay (CH)

WHCRWA Central Pump Station

PLATE D-4-a



HVJ ASSOCIATES, INC.
CONSOLIDATION TEST RESULTS

Project Name: WHCRWA Central Pump Station              Boring No.  B-6
Project No. HG1517629.1 Sample No.  22

Sample Depth  78-80'
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CONSOLIDATION TEST REPORT
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Applied Pressure - psf
100 1000 10000

Natural Dry Dens.
LL PI Sp. Gr.

Overburden Pc Cc Cr
Initial Void

Saturation Moisture (pcf) (psf) (psf) Ratio

84.7 % 19.1 % 104.3 39 21 2.65 4882 0.15 0.03 0.597

Lean Clay (CL) CL N/A

18-S-314 HVJ Associates

WHCRWA Central Pump Station, Harris County, Texas Tested by: MC
Date: 8/14/18
Chced by; GEV
Date: 8/17/18
-200=91.8%

MATERIAL DESCRIPTION USCS AASHTO

Project No. Client: Remarks:

Project:

Depth: 12'-14' Sample Number: B-36 (S-6)
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Applied Pressure - psf
100 1000 10000

Natural Dry Dens.
LL PI Sp. Gr.

Overburden Pc Cc Cr
Initial Void

Saturation Moisture (pcf) (psf) (psf) Ratio

104.8 % 20.8 % 108.5 46 27 2.65 6131 0.14 0.03 0.525

Lean Clay (CL) CL N/A

18-S-314 HVJ Associates

WHCRWA Central Pump Station, Harris County, Texas Tested by: J.C
Date: 8/17/18
Checked by: GEV
Date: 8/20/18
-200=95.7%

MATERIAL DESCRIPTION USCS AASHTO

Project No. Client: Remarks:

Project:

Depth: 45'-47' Sample Number: B-36 (S-15)

PLATE D-6
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Applied Pressure - psf
100 1000 10000

Natural Dry Dens.
LL PI Sp. Gr.

Overburden Pc Cc Cr
Initial Void

Saturation Moisture (pcf) (psf) (psf) Ratio

80.5 % 15.4 % 113.1 40 22 2.65 3837 0.13 0.03 0.506

Lean Clay with Sand CL N/A

18-S-314 HVJ Associates

WHCRWA Central Pump Station, Harris County, Texas Tested by: JC
Date: 08/18/18
Checked by: GEV
Date: 08/21/18
-200=79.5%

MATERIAL DESCRIPTION USCS AASHTO

Project No. Client: Remarks:

Project:

Depth: 6'-8' Sample Number: B-38 (S-4)

PLATE D-7
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Applied Pressure - psf
100 1000 10000

Natural Dry Dens.
LL PI Sp. Gr.

Overburden Pc Cc Cr
Initial Void

Saturation Moisture (pcf) (psf) (psf) Ratio

133.4 % 30.6 % 102.9 44 25 2.65 8030 0.14 0.023 0.608

Lean Clay with Sand (CL)
CL N/A

18-S-314 HVJ Associates

WHCRWA Central Pump Station, Harris County, Texas Tested by: MC
Date: 8/14/18
Chced by; GEV
Date: 8/17/18
-200=81.5%

PLATE D-8

MATERIAL DESCRIPTION USCS AASHTO

Project No. Client: Remarks:

Project:

Depth: 113'-115' Sample Number: B-38 (S-29)



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
 

SULFATE, CHLORIDE, RESISTIVITY AND pH TEST 
RESULTS 
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APPENDIX F 

SETTLEMENT ANALYSIS – PROPOSED TANKS 
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Cc Cr Pc (ksf) e0

Lean Clay-1 0.125 1500 0.13 0.016 6.2 0.588

Granular Base 0.125 2000

Sand-1 0.12 1500

Fat Clay-1 0.125 1000 0.1 0.02 8.2 0.449

Lean Clay-2 0.125 1500 0.196 0.026 13.6 0.857

Fat Clay-2 0.125 1500 0.52 0.033 12.2 1.086

Lean Clay 3 0.125 2000 0.14 0.023 8 0.608

Sand-2 0.115 3000
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Analysis Description
14.7 MG Tank - 264 feet Inside Diameter
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WHCRWA Central Pump Station
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Report No. 04.10140050 

October 29, 2014 

WEST HARRIS COUNTY REGIONAL WATER AUTHORITY 

c/o Dannenbaum Engineering Corporation 

3100 West Alabama 

Houston, Texas 77098 

Attention: Mr. Wayne G. Ahrens, P.E. 

Program Manager 

Phase I Geologic Fault Study 

West Harris County Regional Water Authority  

TWDB Project No. 21700 – Second Source Project 

Harris County, Texas 

Introduction 

Fugro Consultants, Inc. (Fugro) is pleased to present this Phase I geologic fault study report for the 

above-referenced project.  This Phase I geologic fault study was authorized by the West Harris 

County Regional Water Authority (WHCRWA) Board of Directors through a Master Services 

Agreement, dated May 14, 2014.  Our services were performed in general accordance with our 

Proposal No. 04.10140050p-Rev1, dated April 28, 2014.  

Project Description.  The WHCRWA is planning the development of a new 40-mile long, 96-inch 

diameter water line to be constructed from near Lake Houston in Harris County, Texas to Peek 

Road (north of Interstate 10) in western Harris County.  A Vicinity Map showing the location of the 

proposed water line alignment is presented on Plate 1.  There will be two pump stations 

constructed along the water line alignment, which are designated the Re-pump Station and the 

Central Pump Station.  

Purposes and Scope.  The purposes of the Phase I geologic fault study were to assess the risk of 

geologic faults impacting the water line and pump stations, and to develop recommendations for 

further study, if appropriate.  To accomplish these purposes, we performed a Phase I geologic fault 

study, which included the following tasks: 

• Reviewing geologic literature, and published and unpublished data from our files pertaining

to geologic surface faults in the Houston area and in the vicinity of the alignment.

• Reviewing topographic maps for geomorphic features that may be associated with surface

fault activity in the vicinity of the alignment.

• Interpreting aerial photographs of the area to look for photo lineaments and tonal anomalies

that might be associated with surface faults in the vicinity of the alignment.

FUGRO CONSULTANTS, INC.

6100 Hillcroft (77081)

P.O. Box 740010

Houston, Texas 77274

Tel: (713) 369-5400

Fax: (713) 369-5518

A member of the Fugro group of companies with offices throughout the world.



Report No. 04.10140050 

• Reviewing available LIDAR (LIght Detection And Ranging) imagery for information that 

could be associated with surface faulting in the vicinity of the alignment. 

• Reviewing maps of subsurface geologic structure prepared by the Geomap Company for 

the presence of faults at depth that might extend to the surface in the vicinity of the 

alignment. 

• Conducting site visits to the study area to look for physical evidence of distress in 

pavements, vegetation changes, scarps in natural ground surface, and presence of surface 

depressions caused by surface faults in the vicinity of the alignment. 

• Evaluating the data to assess the risk of a geologic surface fault impacting the water line 

and pump stations, and developing recommendations for further study, if necessary. 

• Preparing this report presenting our findings and recommendations. 

This study was conducted in general accordance with the guidelines for such studies as originally 

published in the Houston Geological Society Bulletin in March 1985,  Ratcliff, et al1 and more 

recently confirmed and updated by Elsbury2, and by Elsbury and Ringholz3. 

Applicability of Report.  This Phase I geologic fault study was conducted specifically for the 

TWDB Project No. 21700 – Second Source Project in Harris County, Texas.  The information 

presented in this report is based on our understanding of the project and the proposed alignment 

as shown on Plate 1.  We have prepared this report exclusively for Dannenbaum and WHCRWA.  

We have conducted our services using the standard level of care and diligence normally practiced 

by recognized engineering firms now performing similar services under similar circumstances.  We 

intend for this report to be used in its entirety. 

Geologic Literature 

We reviewed existing geologic literature of the Gulf Coast Region to evaluate the potential of 

subsurface faulting and surface faulting in the vicinity of the alignment.  The following sections 

present the results from our review. 

Surface Faulting in the Gulf Coast Region.  In the Gulf Coastal Plains of Texas and Louisiana, 

several hundred faults are known or suspected to be active.  Most of these faults are located within 

the Houston-Galveston (Texas) area subsidence bowl, but many others are known from Corpus 

Christi to east of New Orleans.  Evidence of modern activity of these faults includes: changes in 

1
 Ratcliff, L. J., Elsbury, B. R., Norman, C. E., Valentine, R. M., and Van Siclen, D. C. (1985), "Recommended Standards 
of Practice for Investigating Geologic Faults in the Texas Gulf Coast Region," Houston Geological Society Bulletin, v. 
27, No. 7, March, p. 10. 

2
 Elsbury, B. R. (2002), "Recommended Standards of Practice for Fault Studies in the Houston Area, Texas," 
Proceedings, CIGMAT - 2002, Construction and Rehabilitation Activities Related to Houston & Other Major Cities, C. 
Vipulanandan and J. Liu, ed., pp. I-29 to I-31. 

3
 Elsbury, B. R. and Ringholz, R. P. (2004), “Standards for Fault Detection Studies,” lecture at GSA/AEG Growth Fault 
Symposium, College Station, TX, March 18. 
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elevation of the ground surface, offsets in pavements, and damage to buildings, bridges, and other 

structures. 

These faults are manifestations of subsurface movements, which began several miles below the 

ground surface.  They were formed by extremely slow movement of the very thick sediments under 

the Gulf Coastal Plans towards the Gulf of Mexico and also by the rise of very deep salt into domes 

at lesser depths. 

Although these faults are all ancient, natural features, most of the modern fault activity is induced 

by man’s actions.  Nearly all of the faults that have moved since the early 1900’s are located in 

areas where declines in pressures of groundwater, oil, or gas have been sufficient to cause 

subsidence of the ground surface.  The percentage of faults now moving in subsidence areas is far 

greater than elsewhere in the coastal plain and modern fault movements greatly exceed average 

rates over geologic time. 

Movements of faults in the coastal plain tend to be small and frequent and do not cause 

earthquakes because the sediments are not hard rock and are not able to store significant 

amounts of strain energy.  There is evidence to suggest that some faults may move slightly in 

response to surface waves from large, distant earthquakes.  In the case of the Mexico City 

earthquake of September 19, 1985, some faults that had not moved appreciably for several years 

appeared to move one-quarter inch or so in response to the earthquake4.  Some faults that were 

moving might have slipped more, and other faults clearly remained stable during the event. 

According to the traditional definition used in this type of study, a fault that has broken or displaced 

man-made structures or has a clear, well-defined scarp is considered to be active.  The vertical 

movements of typical active faults averaged over a number of years range from less than 0.1 inch 

to slightly more than 1.0 inch per year.  Horizontal movements are extensional and are thought to 

depend upon the dip of the fault.  The most common dips should produce horizontal movements in 

the range of about one-sixth to one-third the vertical movement.  The surface movements generally 

occur in a band of significant width, which is likely to be different for each fault and to vary along 

the length of a particular fault.  Bandwidths of 30 to 50 feet are common, but wider or narrower 

bands are also found. 

Surface Faulting Near the Water Line Alignment.  A review of published maps of known or 

suspected faults in Harris County, and unpublished information from our files, indicated that the 

alignment is located in the vicinity of several known and suspected subsurface and surface faults, 

or fault segments.  Faults in the vicinity of the alignment are related to regional growth faults 

trending more or less parallel to the coast.  Annotated quadrangle sheets showing known and 

suspected faults in the vicinity of the alignment are presented on Plates 2a through 2e.  Known and 

suspected faults in the vicinity of the alignment include: 

4
 Mastroiani, J. J. (1991), “A Study of Active Fault Movement, Houston, Texas and Vicinity,” unpublished Master of 
Science Thesis, University of Houston, pp. 53 to 55. 
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• Brittmoore West Fault – A down-to-the-coast fault that trends in a generally southwest-

northeast direction (i.e. more or less parallel to the coast).  The Brittmoore Fault is part of

the Addicks Fault System.  The location of the Brittmoore West Fault, as illustrated on

Plates 2b and 2c, has been previously mapped and is a known surface fault that crosses

the proposed water line alignment near the intersection of the water line alignment and the

Sam Houston Tollway.  The Brittmoore West Fault will impact the water line.

• White Oak Fault – An up-to-the-coast fault that trends in a generally southwest-northeast

direction (i.e. more or less parallel to the coast).  The White Oak Fault is an antithetic fault

to the Brittmoore Fault.  The location of the White Oak Fault, as illustrated on Plate 2c, is a

known mapped surface fault that crosses the water line alignment at several locations.

Fugro representatives have made several visits for past studies to delineate the White Oak

Fault, including in areas of our current study.  A review of internal files dating back to the

late 1970s indicates that the White Oak Fault was observed crossing 1) Fairbanks North

Houston Road at approximately 470 feet south of the at-grade direct connect from

northbound Fairbanks North Houston Road to eastbound West Little York Road, 2) Flintlock

Road approximately 130 feet south of West Little York Road, 3) West Little York

approximately 500 feet west of Guhn Road, 4) Guhn Road approximately 100 feet south of

West Little York Road, 5) West Little York approximately 900 feet east of Guhn Road, and

6) Hollister Road approximately 900 feet north of West Little York Road.  Location details of

the White Oak Fault are presented on Plate 3.  The White Oak Fault will impact the water

line.

• Homestead Lineament – A lineament that has been identified by Engelkemeir5 trending in a

southwest-northeast direction towards the water line alignment as illustrated on Plate 2d.  It

should be noted that this lineament has not been confirmed as a fault.  The Homestead

Lineament was identified using LIDAR data (discussed later) in an effort to map surface

faults in the Houston area.  The lineament was also observed by Fugro using LIDAR data.

If the Homestead Lineament is indeed an active surface fault, it could impact the water line.

No other known or suspected faults from the literature review were identified that would impact the 

proposed alignment. 

Topographic Maps 

Topographic maps were reviewed for geomorphic features that could be associated with surface 

faulting, such as fault-controlled natural drainage patterns, lineations in topography (i.e. abrupt 

changes in surface elevations), etc.  For this study, we reviewed the Addicks, Texas Quadrangle 

(1915, 1970, 2013), Harmaston, Texas Quadrangle (1920, 1954, 2013), Hedwig Village, Texas 

Quadrangle (1915, 1970, 2013), Humble, Texas Quadrangle (1916, 1954, 2013), Katy, Texas 

Quadrangle (1915, 1971, 2013), and Settegast, Texas Quadrangle (1916, 1955, 2013).  The 1915-

5
 Engelkemeir, R.M. and Khan, S.D. (2008), “Lidar Mapping of Faults in Houston, Texas, USA,” Geosphere, February 
2008, v.4, no.1. 
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1920 quadrangles were prepared with 1-foot intervals, whereas the remaining quadrangles were 

prepared with 5-foot contours. 

We identified a number of geomorphic features suggestive of surface faulting along the general 

area of the alignment.  These features included abrupt changes in natural drainage patterns and 

abrupt changes in surface elevation.  The locations of some of these features coincide with the 

surface projection of subsurface faults presented by Geomap (discussed later in this report).  

Further assessments of these areas were evaluated by conducting site observations.  The results 

of the site observations are discussed later in this report. 

Remote Imagery 

Aerial Photographs.  Aerial photographs were reviewed for lineaments and tonal anomalies that 

could indicate surface faulting in the vicinity of the alignment.  Aerial photographs frequently show 

linear tonal differences along the trace of a fault where it extends to the surface because moisture 

contents and varieties of vegetation are often different on each side of the fault scarp.  Generally, 

the downthrown side of a fault appears to be darker on the photographs.  It has been observed that 

the location of tonal lineaments on aerial photographs, associated with known faults, can vary 

(±100 feet) from the actual surface trace of the fault year to year due to seasonal variations in 

moisture conditions.  Therefore, a fault-related lineament may not represent the actual location of 

the fault, but would provide evidence that the surface fault exists. 

Fifty-seven aerial photographs, dating from 1944 to 2014, were reviewed as part of the current 

study for surface evidence suggestive of active faulting along the alignment of the water line.  The 

photographs consisted of black-and-white (B/W) and color photos from various agencies, including 

photographs from the United States Department of Agriculture (USDA) and the United States 

Geological Survey (USGS).  A summary of the aerial photographs reviewed as part of the current 

study is provided in Table 1. 
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Table 1.  Summary of Reviewed Aerial Photographs 

Photo No. Agency Type Date 
Approximate 

Scale 

BQY-2C-88, 108, 150, 178 USDA B/W 1944 1” = 1,667’ 

BQY-3C-50, -98, -136, -180 USDA B/W 1944 1” = 1,667’ 

BQY-4C-20, -102, -150, -178 USDA B/W 1944 1” = 1,667’ 

BQY-5C-24 USDA B/W 1944 1” = 1,667’ 

BQY-6C-26, -28 USDA B/W 1944 1” = 1,667’ 

BQY-11M-48, -64, -108 USDA B/W 1953 1” = 1,667’ 

BQY-11M-150, -178, -180 USDA B/W 1953 1” = 1,667’ 

BQY-12M-26, -64, -156, -200 USDA B/W 1953 1” = 1,667’ 

BQY-13M-80, -128, -164 USDA B/W 1953 1” = 1,667’ 

BQY-14M-2, -28, -30, -82 USDA B/W 1953 1” = 1,667’ 

BQY-15M-114, -144 USDA B/W 1953 1” = 1,667’ 

BQY-16M-22 USDA B/W 1953 1” = 1,667’ 

BQY-4T-26, -54, -56 USDA B/W 1957 1” = 1,667’ 

BQY-4T-98, -130, -176 USDA B/W 1957 1” = 1,667’ 

BQY-5T-20, -102, -152, -178 USDA B/W 1957 1” = 1,667’ 

BQY-6T-22, -68, -106, -164, -166 USDA B/W 1957 1” = 1,667’ 

BQY-7T-18, -62, -84 USDA B/W 1957 1” = 1,667’ 

BQY-8T-26 USDA B/W 1957 1” = 1,667’ 

Viewed On-Line – Google Earth USGS B/W 1978 Variable 

Viewed On-Line – Google Earth USGS B/W 2002 Variable 

Viewed On-Line – Google Earth USGS Color 2014 Variable 

The review of the aerial photographs identified several linear features near the alignment that could 

be fault-related.  Some of the linear features are associated with previously mapped surface faults, 

including the Brittmoore West Fault and the White Oak Fault.  It should be noted that these 

lineaments are visible on a number of photographs.  From our review of the aerial photographs, 

there were no other indications of surface faulting crossing the alignment. 

LIDAR Imagery.  Raw LIDAR data was processed in-house using the commercially available 

program ArcGIS to look for indications of surface faulting along the full alignment of the water line.  

In-house evaluation of the LIDAR data identified the Brittmoore West Fault and the White Oak 

Fault.  Based on our evaluation of the LIDAR imagery, it appears that the White Oak Fault extends 

farther northeast than previously mapped by Fugro and is consistent with Engelkemeir (2008).  Our 
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evaluation also identified the Homestead Lineament, previously identified by Engelkemeir (2008), 

which was discussed in the literature review section of this report.  No other fault lineaments were 

identified crossing the alignment in our evaluation of the LIDAR Imagery. 

Subsurface Structure Maps 

We evaluated two subsurface structure maps of the area that were prepared by Geomap, each 

depicting a different “horizon” below the surface.  The two maps are regional maps, with a revised 

date of February 25, 2014, and were prepared at a scale of 1 inch equals 4,000 feet.  One of the 

maps prepared by Geomap shows structural contours of the “Top Yegua” within Horizon A 

between 6,000 and 8,000 feet below sea level in the area of the alignment.  The second map 

prepared by Geomap shows structural contours of the “Lower Yegua” and the “Top Wilcox”  

Horizon B between 8,000 to 12,000 feet below sea level in the area of the alignment.   

The subsurface structure maps have been prepared primarily for the gas and oil industry.  The 

maps show structural contours of various oil producing formations based on Geomap’s geologists 

interpretations of logs from oil and gas exploration in the area.  These maps also include 

subsurface faults within the producing formation.  The maps are proprietary maps, and as such, 

cannot be reproduced. 

Geomap includes, on their subsurface structure map, the locations of drilled oil and gas wells.  The 

maps indicate a number of wells that have been drilled in the general area of the alignment.  The 

logs of these wells would have been available for Geomap’s geologists for their interpretations. 

Both maps indicate major faults at depth, as illustrated on the Summary of Geologic Faulting 

presented Plates 2a through 2e.  The locations of the faults, as shown by Geomap, coincide 

reasonably well between the two subsurface “horizons”.  It should be noted that the density of the 

oil and gas wells vary along the alignment, leading to better interpretations of subsurface faulting in 

some areas than others. 

Based on the locations and depths of the subsurface faults in the general area of the alignment, we 

have projected these faults to the surface assuming that: 1) the faults are real, 2) the faults are at 

the locations shown on the Geomap maps, and 3) the faults extend to the surface.  The surface 

projections were developed using typical dip angles of 2-vertical to 1-horizontal slope 

(approximately 63 degrees from the horizontal) and 50 degrees from the horizontal.  The 

subsurface faults project onto areas of the alignment at four locations. 

Based on the location of the previously mapped surface faults and linear features in the vicinity of 

the alignment, the Breen West Fault, the Breen Central Fault, and the Breen East Fault all coincide 

with the surface projections of the Geomap subsurface faults.  The Brittmoore West Fault and the 

Brittmoore East Fault are just outside of the surface projections of the Geomap subsurface faults, 

but nonetheless are surface expression of the subsurface fault.  It should be noted that Geomap 

does not indicate any subsurface faults at depth which would coincide with the Homestead 
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Lineament.  However this should not be interpreted that the Homestead Lineament is not fault 

related. 

It should also be noted that complimentary or antithetic faults are often associated with large faults.  

Complimentary faults usually develop at depths shallower than the oil and gas production zones so 

the subsurface structure maps do not map these faults.  For example, the White Oak Fault is an 

antithetic fault of the Brittmoore Faults and Breen Faults and has been mapped crossing the water 

line alignment in an area where there are no indications of subsurface faulting. 

Site Observations 

Area visits were conducted on August 27-28, 2014, as well as, September 23, 2014, by persons 

experienced in looking for evidence of surface faulting.  The area visits included driving along 

roads/highways surrounding and in the vicinity of the proposed water line alignment, including, but 

not limited to the roads listed in Table 2. 

Table 2.  Summary of Roads Traveled During Site Visits 

Water Works Boulevard Sam Houston Parkway Lockwood Road 

N. Lake Houston Parkway Forest Acres Drive Winfield Road 

Mesa Drive Little York Road N. Wayside Drive 

Cheeves Drive Homestead Road Langley Road 

Hirsh Road Hopper Road Bentley Street 

Foy Lane Cromwell Street Kowis Street 

Bertrand Street Aldine West Road Hartwick Road 

Collins Road Gulf Bank Road Mitchell Road 

Airline Drive Sweetwater Lane Berwyn Drive 

Veterans Memorial Drive Rainy River Drive Dewalt Street 

McCrarey Drive Stallings Drive Antoine Drive 

Arncliffe Drive Alabonson road Bingle Road 

Woodfern Drive West Little York Road Fairbanks-White Oak Drive 

Hollister Road Guhn Road Flintlock Road 

Fairbanks N. Houston Road Windfern Road U.S. 290 Service Road 

Gessner Road Yorktown Plaza Drive Okanella Street 

Fisher Road Brittmoore Road Overlook Drive 

Thomas Road Cunningham Road Tanner Road 

N. Eldridge Parkway Leedwick Drive Concord Bridge Drive 

Addicks Satsuma Road Keith Harrow Boulevard Cairnleigh Drive 

Barker Cypress Road Old Greenhouse Road Windystone Drive 
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N. Fry Road Clay Road Appletree Ridge Road 

Westfield Village Drive Peek Road Stockdick School Road 

Each road was traveled several times to observe the surrounding site grade for linear features 

indicative of surface faulting.  The area visit included looking for: 1) damage to streets and roads 

caused by faults, 2) fault scarps in and adjacent to the streets and roads, 3) vegetation changes, 

and, 4) sag ponds or depressions that are indicative of faulting.  Particular attention was given to 

areas where known surface faults are present, lineaments identified from topographic maps and 

remote imagery, and locations of surface projections from subsurface faults. 

Pavement damage caused by the Brittmoore West Fault was observed in roadways in the vicinity 

of the alignment.  The Brittmoore West Fault can be observed in pavement distress on the Sam 

Houston Tollway, as well as the Sam Houston Tollway service roads.  The alignment is proposed 

to cross the Sam Houston Tollway near the intersection of the Tollway with the Brittmoore Fault as 

shown on Plate 2b and Plate 2c. 

Pavement distress caused by the White Oak Fault was observed in roadways in the vicinity of the 

alignment.  Distress was observed in Hollister Road, approximately 900 feet north of West Little 

York Road, and West Little York Road, approximately 900 feet east of Guhn Road as illustrated on 

Plate 3.  The White Oak Fault crosses several other streets/roads near the alignment, but surface 

evidence of the fault has been destroyed due to surface disturbance caused by site grading, street 

widening and repaving, utility installations, etc.  Attempts to track the White Oak Fault northeast of 

Hollister Road where the fault located implied by the LIDAR Imagery were not successful.  There is 

a significant amount of distress in streets of the subdivision located at the northern extent of the 

mapped portion of the White Oak Fault.  If the fault extends through the subdivision, it is difficult at 

best to differentiate any fault-related distress from other distress. 

Pavement distress, suggestive of surface faulting, was observed at several locations west of the 

mapped location of the Homestead Lineament.  However, when the locations were plotted on a 

map, the distress trace was not very linear and oriented in a more-or-less northerly direction, 

deviating from the direction indicated by the LIDAR data. 

Other pavement distress areas were observed along the alignment during the area visit.  However, 

none of the distressed areas appeared to be fault-related. 

Conclusion and Recommendations 

This Phase I level geologic fault study was performed to assess the possibility of surface faulting 

that could impact the proposed 40-mile long water line.  The study included: 1) reviewing geologic 

literature and data from our files pertaining to faulting in the Houston Area and in the vicinity of the 

alignment, 2) interpreting topographic maps and remote imagery (i.e. aerial photographs and 

LIDAR imagery), 3) reviewing maps of subsurface geologic structure prepared by Geomap 

Company for the presence of faults at depth that might project to the surface within the alignment, 
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4) conducting a site reconnaissance visit along the alignment to look for physical evidence of 

surface faulting, and 5) evaluating the information collected to determine the risk of a fault 

impacting the water line.  Several techniques were employed during our study because the validity 

of the findings from individual methods varied along the alignment particular in areas that have 

been heavily developed and/or have been recently developed. 

Implementing the techniques described herein, we have identified two faults that cross the 

alignment.  The faults include the Brittmoore West Fault and the White Oak Fault.  The White Oak 

Fault crosses the alignment at several locations.  Unfortunately much of the surface evidence of 

these two faults have been destroyed in recent times due to activities including site grading, street 

widening and repaving, utility installations, etc.  In addition, we identified one other location where 

a possible surface fault, associated with the Homestead Lineament, could cross the alignment. 

There were no other surface faults identified crossing the alignment.  It should be noted that 

dormant faults could be activated by continued groundwater pumpage.  Through efforts from 

organizations such as the Harris-Galveston Subsidence District, groundwater pumpage is being 

significantly reduced in portions of Harris County.  Thus, the rate of movements of faults is 

expected to be significantly reduced.  Although efforts are being made to control the amount of 

groundwater pumpage, the future of groundwater pumping and subsidence remains uncertain. 

Further study will be required to refine where the Brittmoore West Fault and the White Oak Fault 

cross the alignment.  In addition further study will be required to determine if the Homestead 

Lineament is fault-related were it crosses the alignment.  The detailed fault studies will be area-

dependent and will need to be developed depending on the degree of refinement required by the 

Design Team.  Each fault and possible fault crossing the alignment has unique characteristics and, 

as such, will require a tailored program for further investigation.  Often, the detailed study could 

require drilling geophysical borings within the proposed alignment.  The borings should be logged 

for natural gamma, electrical resistance and spontaneous potential, and interpreted for the 

presence or absence of faulting.  We can develop a detailed investigation program for each 

location after the Design Team provides refinement requirements. 
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The following illustrations are attached and complete this report: 

   Plate 

 Vicinity Map .................................................................................................  1 

 Summary of Geologic Faulting ....................................................................  2a thru 2e 

 Location Details of White Oak Fault ............................................................  3 
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Figure 1- Loading Stress on Utilities at 32.5 feet from Edge of the Tank
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APPENDIX VI – Easement Encroachment and Permanent License Agreement 
 

Pertains to Kinder Morgan Texas Pipeline, LLC, as successor to United 
Gas Pipeline Company, and its interest in the rights-of-way easement 
and 10” gas pipeline crossing the north 45’ foot of the 29.19  Acre 
WHCRWA Restricted Reserve Tract. This encroachment involves the 
vicinity of the connection to the Segment C water transmission pipeline. 
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APPENDIX VIII - Letter of No Objection 
  



 
 

 

 

Pape-Dawson Engineers Inc. 
10350 Richmond Ave. 
Suite 200 
Houston, Texas 77042 

713 428 2400 tel 
 
 
www.pape-dawson.com 
 

May 28, 2020  
 
 
 
Ms. Nidhi Raut 
AECOM 
19219 Katy Freeway, Suite 100 
Houston, Texas 77094 
 
 
Re: WHCRWA Out-of-District Sanitary Sewer Service  
 Pump Station on Fry Road 

Harris County Municipal Utility District No. 167  
 
Dear Ms. Raut: 
 
As Engineer for Harris County MUD No. 167, we have reviewed the construction plans for the 
above referenced site and offer no objections.  
 
Please contact me if at (713) 428-2400 if you have any questions. 

Very truly yours, 

 
Robert S. Wempe, P.E. 
District Engineer 
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1 INTRODUCTION  

The Greater Houston metropolitan area is one of the fastest growing regions in the nation. From 

2000 to 2030, our metropolitan area is projected to rank fifth in the nation in population growth – 

bringing the current population of 6.5 million to greater than 9.2 million residents. This population 

growth presents an urgent need to maintain and expand public infrastructure, including 

roadways, water supply, sewer, and other utilities. To meet water demands for 2025 and beyond 

and to meet the groundwater reduction requirements of the Harris-Galveston Subsidence District 

and Fort Bend Subsidence District, the West Harris County Regional Water Authority 

(WHCRWA) has partnered with the North Fort Bend Water Authority (NFBWA) to deliver the 

Surface Water Supply Project (SWSP). 

 

Surface water will be supplied from Lake Houston by way of the City of Houston’s Northeast 

Water Purification Plant, through an approximately 35-mile-long cathodically protected welded 

steel 84-inch and 96-inch pipeline and two large pump stations.  

 

Because the WHCRWA is buying the water from the City of Houston, the WHCRWA is paying its 

share of the City of Houston’s overall water program. Specific elements of the City of Houston’s 

program include the Northeast Water Purification Plant Expansion and the Luce Bayou 

Interbasin Transfer Project, which will maintain the water level of Lake Houston by transferring 

water from the Trinity River. The customers of the  City of Houston and the WHCRWA will 

benefit from the shared operational efficiencies and cost savings resulting from this 

collaboration. Through this collaboration, these projects will be delivered faster and benefits will 

be realized sooner. 

 

The project is made more complex by the large population that lives and works in close 

proximity to the 35-mile-long pipeline alignment. When construction starts in 2020, project-area 

residents and business owners, as well as anyone traveling in the vicinity of the pipeline 

alignment, will experience detours, access issues, and other construction activities associated 

with large-scale pipeline projects. To minimize these impacts, the majority of the pipeline will be 

installed within existing pipeline corridors; however, it is anticipated that residents, property 

owners, and businesses in close proximity to the pipeline easements would experience 

temporary construction-related impacts (e.g., noise, dust, and others) as segments of the 

pipeline are installed. 

 

Although the construction phase of the project is slated to occur from 2020 to 2023, the entire 

area will not be impacted for the entire three-year period. The WHCRWA will require its 

contractors to complete the project in segments. Construction activities in each segment will 

vary, and access to churches, schools, and businesses will be maintained throughout project 

construction. 

 

Public safety, public communication, and responsiveness to the project’s many diverse 

stakeholders, categorized herein as “key audiences,” are top priorities in the delivery of the 

SWSP. (See Attachment 8.3. Key Audiences Database). To ensure public safety and awareness 

throughout the life of the project, this plan presents the WHCRWA’s approach to development 

and implementation of a clear, consistent, and timely Community Outreach Program. 

 

We will always be mindful of the impact a project of this magnitude will have on the surrounding 

residents, businesses and property owners. Maintaining public understanding and minimizing 

disruption to daily lives is paramount. Project communication will be proactive, responsive, and 
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timely throughout the project. All communication will be in English, Spanish, and Vietnamese. 

The Community Outreach Team will respond to inquiries and requests with accurate information 

provided in a prompt and professional manner. Our procedures will be in compliance with the 

State of Texas Public Information Act of the Texas Government Code, Chapter 552. 

 

1.1 Community Outreach Program Overview  

In delivering this project, the WHCRWA is committed to establishing itself as a reliable project 

partner with elected officials, communities, businesses, and organized groups through a 

comprehensive, grassroots communication and outreach program that: 

• Is inclusive, proactive, transparent, and consistent 

• Respects the unique characteristics and issues of the diverse communities and 

businesses along the project alignment 

• Educates and informs  

• Minimizes impacts, disruptions, and risks  

• Retains public support during construction 

• Provides business and job opportunities to the local community through 

construction-related activities 

 

The Community Outreach Program will be organized in two execution phases to support the 

project: 

• Phase 1, Development (2019) – Phase 1 is the period for developing and implementing 

all communication methods and tools, crisis management and media liaison protocols, 

and communication management systems. Community-specific outreach efforts will 

provide project stakeholders with introductory information about the project prior to 

construction.  Figure 2 lays out the general schedule for Phase 1. 

 

 
Figure 1: Community Outreach Phase 1 

• Phase 2, Construction (Groundbreaking in 2020 – 2023) – Continued communication 

and daily interaction with key audiences will provide information on the final design, 

construction activities, and mitigation methods for future and ongoing construction 

activities.  
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The Community Outreach Program will be overseen by the WHCRWA Board of Directors, as 

well as the WHCRWA Program Manager (PM), Dannenbaum Engineering Corporation (DEC), 

as well as counsel representing the WHCRWA, Allen Boone Humphries & Robinson, LLP 

(ABHR). Hollaway Environmental +Communications, reporting directly to WHCRWA and the 

Program Management Team, will manage, execute, and document day-to-day activities 

associated with the overall program.  

 

1.2 Purpose of this Planning Document 

This Community Outreach Plan (COP) is intended to serve as the operative document for the 

SWSP Community Outreach Program, and this document will establish the following: 

• Community Outreach Program roles and responsibilities  

• Key audiences 

• Communication methods and tools 

• Documentation and data management 

• Communication milestones and delivery schedule 

 

1.3 Community Outreach Plan Goals and Objectives 

The goal of this COP is to support the overall project, including the delivery timeline, by 

providing proactive, accurate, and responsive project communication. This will be accomplished 

by continuously informing and engaging the various key audience groups (e.g., elected officials, 

governmental entities, special interest groups, businesses, communities, and the general public) 

before and throughout the duration of the SWSP. When provided consistent information about 

the project, the key audiences will feel heard and informed, thus building trust in the WHCRWA 

and this project.  

 

The following actions reflect specific objectives of the COP: 

• Gain and maintain trust and support of project stakeholders by building on existing 

community partnerships and networks. 

• Provide all project stakeholders with consistent opportunities for input and interaction 

early and often throughout the development process. 

• Demonstrate to key audiences that the project will be developed pursuant to an 

organized and well-executed program. 

• Notify key audiences of timelines and detour routes in advance of and throughout 

construction and maintenance activities.  Potential impacts of these activities will be 

communicated using a variety of methods and tools that are tailored to meet specific 

stakeholder needs. 

• Address diverse project-specific concerns of key audiences including interests in 

emergency service vehicle access; business owner and patron driveway access; delivery 

access; adjacent neighborhood access; access to public events; changes to bicycle and 

pedestrian access and traffic patterns; changes to mobility access associated with ADA; 

construction noise and lighting; and ongoing noise issues, among others. 

• Amend and update communication strategies, methods, and tools to best meet the 

evolving needs of key audiences before and throughout the duration of the project with 

continuous improvement as a Community Outreach Program objective.  

• All Program Manager designated personnel affiliated with the SWSP pipeline installation 

project will be required to use branded SWSP Personal Protective Equipment (PPE) 
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gear. The PPE will be supplied by the contractor as outlined within the contractor’s 

agreement. It is assumed that all contractors serving the project will comply with the 

communication obligations set forth in respective contracts with WHCRWA. This includes 

the use of post cards, door hangers, signage and other tasks outlined by the contract. 

 

1.4  Community Outreach Team Organization 

The Community Outreach Team (COT) will be led by Hollaway Environmental Services, Inc., a 

City of Houston certified Disadvantaged Business Enterprise (DBE) and public relations 

consulting firm, specializing in communication for high-profile public infrastructure projects within 

the Harris County region. The COT will be overseen by the WHCRWA Board of Directors and 

the WHCRWA PM, DEC. On behalf of the project, it is proposed that the Board identify a Public 

Information Officer (PIO) to serve as the central public face for public and media inquiries.This 

plan will be updated to reflect this action once it has been approved by the Board.  

 

It is assumed that the COT will coordinate directly with the PM, while regularly engaging the 

support of a designated Construction Communications Team (CCT), further described in 

Section 1.5.1. 

 

The COT, detailed in Figure 2, is organized to best meet the needs of this large-scale 

construction project. By providing redundancy in key staff members, responsiveness to urgent 

communication needs can be met, ensuring that the Community Outreach Program supports 

efficient delivery of the project. 
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Figure 2: Community Outreach Team Organization 

The COT will be responsible for the development of key messages, a comprehensive database 

of key audiences and public comment tracking, and development and dissemination of 

WHCRWA-related and project-specific community outreach tools and activities, such as public 

meeting materials and logistics, maintenance, and monitoring of social media. To aid the 

development of such messages the project manager will provide weekly information to the COT 

regarding specific segment progress or updates. A list of key COT members and their respective 

contact information is included in Attachment 8.1 of the COP. 

 

All components of the SWSP Community Outreach Program will be performed in compliance 

with the current WHCRWA Crisis Management Media Relations Plan, (Attachment 8.2). This 

plan  specifies that email communication will be the preferred method of internal communication 

for document decisions, requests, action items, and other needs for information. However, if a 

request or task is urgent in nature, the COT will rely on telephone or in-person communication. 
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1.5 Internal Communication and Review Hierarchy  

The SWSP COT fully understands and accepts the responsibility of thorough client coordination 

throughout all steps of the public communication process. All messaging, design, and completed 

communications products will be provided to the WHCRWA PM for review and approval prior to 

public dissemination. It will be incumbent upon the WHCRWA PM to determine if public 

information tools must also be vetted by the WHCRWA and ABHR, on a case-by-case basis, 

prior to public dissemination. 

 

Figure 3 outlines the communication hierarchy and process anticipated to support the project.   

 

 
Figure 3: Communications Hierarchy 

Every communication tool developed by the COT (including website content, social media posts, 

educational materials, etc.) will be vetted by one or more Program Management Team 

representatives prior to public distribution. 

If it is determined by the Program Management Team that a communication tool requires 

WHCRWA Board of Director approval prior to its release, the COT will coordinate with the 

Program Management Team to ensure all Board comments are appropriately addressed and the 

product is fully approved prior to public dissemination.  
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1.5.1 Construction Communications Team 

The Construction Communications Team (CCT) would be comprised of representatives of 
third-party organizations that would support and inform community outreach tasks throughout 
the life of the construction project. For example, this team may include representatives from 
Harris County Commissioner Precincts, City of Houston Department of Neighborhoods, first 
responder agencies in the project area, and community leaders, among others.  
 
The COT will engage the support of the CCT to assist the SWSP in assessing and anticipating 
communications needs, developing appropriate communications strategies, implementing those 
strategies, and advising the COT of the effectiveness of the chosen strategies. The CCT’s 
responsibilities include: 

• Providing information and public feedback to the COT; 

• Assisting with implementation of a coordinated, proactive communications effort that 
supports the SWSP; 

• Advising the COT on communications and access issues during construction;  

• Facilitating public participation and input into the construction process;  

• Identifying opportunities to leverage existing communications vehicles of the SWSP and 
its related projects;  

• Participating in periodic assessments of the COP and providing feedback to adjust the 
communications plan as needed; and, 

• Providing resources for dissemination, such as flyers, etc. 
 
Attachment 8.4 includes a list of proposed CCT members, organized by pipeline segment. This 
list, like this plan, will be updated regularly to reflect fluctuations in CCT participation. It is 
proposed that the CCT would be divided by pipeline segment to appropriately address specific 
needs and interests of each region. 
 
It is proposed that members of the CCT will be identified in coordination with DEC and vetted by 
the WHCRWA Board prior to implementation. Once established, it is anticipated that the CCT 
will meet monthly with the COT. 
 

1.6 INTERNAL TEAM COORDINATION 

The COT is responsible for developing and implementing the COP in close coordination with the 
Board of Directors and the Program Management Team to plan, prepare, and implement all 
project-related public information communication tools in alignment with ongoing construction 
activities, ensuring that a consistent message is being distributed to the various audiences. No 
information will be distributed to the public without the prior authorization of the WHCRWA Board 
or the Program Management Team. 

 

It is assumed that the COT will work closely with various contractors who serve the WHCRWA 

Board of Directors in delivery of the SWSP project. To support consistent messaging, internal 

monthly (bi-monthly or weekly, once construction begins) COT meetings will be organized and 

facilitated by the COT.  These internal meetings will include the following individuals: DEC, 

Construction Project Manager, and pipeline segment Project Managers. A standing, regularly 

scheduled meeting will be held with all involved parties to ensure successful internal 

communication and public inquiry tracking.  
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With the collaboration of all involved parties listed, an agenda (and supporting meeting 

materials) will be produced and distributed in advance by the COT. Agenda items will generally 

include: 

• Project status; 

• Overview of ongoing public engagement tasks; 

• Requests for support addressing communications tasks/hot issues; and 

• Pro-active communication strategy recommendations. 

 

2 KEY AUDIENCES 

The audiences that this plan is intended to address are divided into three basic categories: 

opinion makers; the organized public, institutions, and entities; and the general public.  The 

purpose of these categories is to support the COT in preparing and delivering appropriately 

customized communication strategies and tools, while project benefits, project status, 

operational details, potential impacts, and maintenance activities will be communicated to all 

audiences. 

 

The following examples of each audience category will be updated and revised as the project 

progresses: 

 

• Opinion Makers (OM) – Elected officials, city 

and county key staff representatives, utility 

members, MUD directors, community leaders, 

regulatory agencies, and media representatives; 

 

• Organized Groups – Realtor groups, 

developers, chambers of commerce, economic 

development groups, management districts, 

school districts, community groups or 

associations, emergency service providers, 

business owners, local utility providers; and, 

 

• General Public – Retail customers, individuals who frequently transit the project area, 

residents in service areas, members of the general public, and other individuals who 

have expressed interest in the project. 

 
All individuals associated with each Key Audience, including representatives of organizations, 
will be documented and tracked in a comprehensive database, described in Section 5. For the 
purposes of this plan, key audiences have been grouped to identify key strategies and 
communication sequencing. Key Audiences are described below within their designated 
categories. 

 

2.1 Opinion Makers 

Opinion makers are defined as well-known individuals or organizations that have the ability to 

influence public opinion. The general public looks to opinion makers as they obtain information, 

form attitudes and opinions, and determine action.  For all key audiences in this group, routine 

in-person meetings and dissemination of regular, electronic newsletters (including construction 

 OMs 

Organized Groups 

General Public 
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update information) will be  conducted. These activities will be augmented by additional tools 

and methods, as described in Section 4. 

 

2.1.1 Elected Officials 

In general, elected officials will be provided with project information and contacted prior to 

communicating with other key audience groups.  All elected official coordination to date has 

been carefully coordinated with the WHCRWA Board of Directors, and the COT team will 

continue to coordinate elected official communication carefully with the Program Management 

Team, prior to execution. 

 

Elected official coordination activities include: 

• As-needed briefings with elected officials, their representatives, and their public outreach 

specialists (ongoing, since 2015); 

• Distribution of regular email updates pertaining to respective districts or precincts; and, 

• Provision of mapping tools, newsletters, brochures, and other public information tools to 

be made available to the public in municipal or county offices. 

  

The COT will continue to engage elected officials and representatives of local jurisdictions by 

communicating with them in person about the project’s purpose and progress, keeping them 

informed of construction activities; coordinating on efforts within their jurisdictional areas; and 

notifying them of community briefings or events. This coordination will occur in addition to the 

ongoing construction plan review by the City of Houston, Harris County, and certain MUDs, as 

required.   

 

Throughout Phase 1 and Phase 2 of the project, the COT will identify, track, and maintain the 

appropriate contact information of elected officials and their community outreach staff. Regular 

updates will be disseminated to these individuals. In addition to face-to-face briefings and 

coordination meetings, the COT will email monthly updates (or on an as-needed basis) to 

ensure that elected officials (and staff) are consistently informed of project progress.  

 

The COT will coordinate and facilitate call-taker training and provide key messaging for elected 

officials’ frontline staff, as well.  The purpose of the training will be to educate them on basic 

project details, allowing these representatives to feel confident enough to answer nontechnical 

questions, while directing urgent and technical concerns to the SWSP COT. This training will 

occur, at minimum, on an annual basis and more frequently as needed. 

 

For a sample list of communication tools to be developed and regularly provided to elected 

officials, refer to Section 4 Communication Tool Implementation Plan. 

 

2.1.2 External Coordination with Third-party Project Representatives 

The COT will coordinate regularly with project representatives from the North Fort Bend Water 

Authority, North Harris County Regional Water Authority, the City of Houston Northeast Water 

Purification Plant Expansion Project team, and other water authorities to ensure that consistent 

information is being disseminated to the public as concurrent water supply projects progress. 

This coordination will be communication-driven, intended to provide opportunities for clarity and 

efficiency among the various, ongoing projects. 
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2.1.3 Local Governmental Entities, including MUDs 

Local governmental entities include city and county staff, MUD representatives, as well as 

representatives of regional governmental agencies. To communicate consistently with local 

governmental entities, the COT will utilize several means of communication to ensure that all 

levels of representation are receiving consistent information. Coordination with local 

governmental entities will be construction-driven, and therefore, all meetings and communication 

activities will be carefully coordinated with the Project Management team. The COT will utilize a 

combination of face-to-face meetings, mailed project information packets, and emailed monthly 

updates (or on an as-needed basis). 

 

The COT will make contact with each local governmental entity, offering to provide a project 

update presentation at regularly scheduled organizational meetings, as well as informational 

materials to provide to respective constituencies/customer-bases.  Once contact (by phone 

and/or email) has been made with each entity, the COT will document each organization’s 

communications preferences, and the COT will provide routine communication updates to each 

organization in alignment with their preferred communication methods. 

 

The COT will also coordinate with the City of Houston and Harris County Special Events and 

Parks Departments to best communicate with the public, vendors, and business owners at large-

scale annual events held by the various municipalities. 

 

2.1.4 Media Representatives  

This key audience consists of television, newspaper, and radio news correspondents. In 

coordination with the Board of Directors and the Program Management Team, the COT will 

establish and maintain positive relationships with this group, specifically targeting local news 

stations and community-focused media outlets.  Refer to Attachment 8.5 for a list of relevant 

Media Contacts to support public information efforts related to this project.  (This is a preliminary 

list that will be updated throughout the life of the project).  

 

2.1.5 Emergency Services and First Responders  

The COT will support the Program Management Team in communication with emergency 

vehicle response teams to ensure that road closure activities are communicated well in advance 

of closures. It is assumed thattraffic control plans and detour information will be provided by 

contractors through contractual obligations, and  that this information will be disseminated to the 

COT to inform first responders as well as other key audience groups.  

 

2.2 Organized Groups 

This key audience group is defined as groups or organizations that may affect, be affected by, or 

perceive themselves to be affected by a decision, activity, or outcome of the SWSP.  This group 

ranges from environmental interest groups and organized neighborhood groups to 

commerce/economic-related groups and governmental agencies. These groups will be engaged 

utilizing consistent methods, including in-person visits, presentations at group functions/events, 

and routine communication via electronic newsletter and other tools to ensure that all parties are 

consistently informed of project progress. 
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2.2.1 Community and Special Interest Groups and Civic Organizations 

The COT will conduct active outreach to community groups and special interest organizations to 

provide members with project information.  Community and special interest groups in the project 

area could include Chambers of Commerce, parent-teacher associations, schools and daycares, 

civic clubs, volunteer-based organizations, church communities, environmental interest groups, 

recreational-based clubs, and local professional organizations, among others. The COT will use 

a variety of public information tools (e-blasts, newsletters, follow-up presentations at meetings) 

to routinely update members of these organizations about project progress in their respective 

areas.   

 

2.2.2 Business and Property Owners 

The COT is committed to keeping businesses and property owners informed before and during 

construction to minimize any impacts to their daily operations through proactive and responsive 

communication. To support business and property owners that may be impacted by 

construction, the COT will develop and maintain consistent engagement with each business and 

property owner in the project area. All Program Manager designated personnel affiliated with the 

SWSP pipeline installation project will be required to use branded SWSP Personal Protective 

Equipment (PPE) gear. The PPE will be supplied by the contractor as outlined within the 

contractor’s agreement. It is assumed that all contractors serving the project will comply with the 

communication obligations set forth in respective contracts with WHCRWA. This includes the 

use of post cards, door hangers, signage and other tasks outlined by the contract. As standard 

practice, door hangers will be provided to property owners within 200 feet of construction, 

distributed per pipeline segment by each contractor. A majority of residential property owners will 

be engaged via methods described in Section 2.2.3.  

 

Initial COT communication with business owners, specifically, will be achieved through in-person 

visits. Representatives from each business will be provided with Project Contact Information 

cards, project website, and project overview information. It is important that these businesses 

are provided with the information they need to contact the COT at any time during construction. 

Contact information for these groups will also be collected, if it is not already on file in the  key 

audiences database. Following this initial outreach, the COT will maintain communication with 

these groups until the completion of the project in their affected areas.  

 

No COT communication will be initiated with a business, or any property, owner until the SWSP 

Property Acquisition team provides approval to move forward with project-related community 

outreach activities. Specific property owner agreements will be provided to the COT by the 

Property Acquisition team to ensure that such agreements are met. The COT will coordinate 

directly with the team so that community outreach activities do not impact right-of-way 

communications in any way. 

 

2.2.3 Homeowner’s Associations (HOAs), Civic Clubs, and Super Neighborhoods 

The COT will coordinate with HOAs, civic clubs, and Super Neighborhood Representatives to 

schedule outreach meetings with all areas that will be affected by the SWSP.  These meetings 

will be held prior to the beginning of construction and will continue on an as-needed basis during 

construction. The COT will provide these organizations with informational newsletters, maps, 

project contact information cards, informational videos, and website information that would 

provide advance notice of planned activities and alternate routes along the project area. This 
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customer group will also receive e-blasts with construction updates as well as newsletter-ready 

project content for incorporation into their own, respective publications and communications with 

homeowners.  

 

2.2.4 School District Coordination 

The COT will coordinate with the Superintendent and Transportation Director for each school 

district, as well as with the individual Principals, for all schools that are within a two-mile radius 

of the pipeline alignment.  Upon city and county approval, the COT will provide the schools with 

a map showing the impact in their area.  (These maps will not be distributed without the approval 

of the Program Manager.)  The team will also provide construction schedules, traffic control 

plans, and other project information to  disseminate through eblasts to parents and students  

along with a hyperlink to the SWSP website for their schools’ websites.  Face-to-face meetings 

will be scheduled when timelines of each pipeline segment have been determined.  Follow-up 

meetings will take place at a minimum of 90 days (or upon request) prior to the beginning of 

construction beginning of each pipeline segment. 

 

Educational materials will be made available for distribution by school staff to parents and 
students.  This material will explain the purpose of the SWSP, estimate the expected length of 
time of inconvenience to the school, and express gratitude for the cooperation of all.  

 

2.3 General Public  

The COT will disseminate information to the general public and residents of the area directly 

affected by noise, delays, traffic issues, and other impacts associated with the project through 

several outlets as shown in Figure 3 of the COP. 

 

Media relations efforts such as reporter briefings, articles in local newspapers, e-blasts, social 

media updates, and traffic signage, along with the public information hotline, will keep the 

general public informed.  The SWSP website will provide updated project information to include 

general project information, segment details, and detour routes.    
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3 INFORMATION DISSEMINATION METHODS AND COMMUNICATION 

TOOLS  

 
The COT is responsible for creating informational tools and products in support of the project, 
and the COT will produce all products for public consumption in English, Spanish, and 
Vietnamese as standard practice.  
 
Section 4 contains an active list of communication tools that will be used before and during 
construction activities.  This list will be developed by the COT with input from the CCT.  It will be 
updated and revised throughout the program.  The list will note the communication tool, the 
target audience or audiences, the timing for implementation, and the COT member with primary 
responsibility for implementation. 
 
The COT will develop and update the following tools and products:  

• Project branding; 

• Project website;  

• Press releases and news reports; 

• Official correspondence; 

• Meeting exhibits and displays; 

• Maps and renderings; 

• Paid advertising in news/media outlets; 

• Microsoft PowerPoint presentations;  

• Project videos;  

• Public service announcements and emergency notifications, including opt-in email 

notifications; 

• Project-specific printed materials for dissemination; 

• Utility bill inserts; 

• Quarterly newsletter(print, e-blasts);and, 

• Self-mailing comment cards. 

 

Methods will be used in multiple ways and on several platforms to disseminate information to all 

project audiences.  

 

3.1  Project Website Development and Maintenance  

The COT has secured www.surfacewatersupplyproject.com as the project website domain to 
support the project. All printed project materials and correspondence will direct readers to the 
website. 
 

The COT will maintain this website to provide comprehensive project information, including 
construction progress and updates, maps, key schedule and milestone achievements, answers 
to frequently asked questions, and articles and background information about the purpose and 
benefits of the SWSP. Website visitors will also have the opportunity to provide comments online 
through a comment portal, which directs public comments to the designated project email 
address, info@surfacewatersupplyproject.com.   
 
The COT will coordinate with Mr. Russ Lambert of The Texas Network to ensure that the project 
website is up-to-date and effective. The COT will advertise the website using social media, 
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newspaper advertisements, project information business cards, eblasts, and other public 
information tools.  
 

Website content will include the following project information:  

• Project background and purpose; 

• Contact information for the COT;  

• Project maps;  

• Pages for each pipeline construction segment;  

• Frequently asked questions;  

• Current project activities;   

• Recommended alternative routes and timing of any closures;  

• E-Newsletter;  

• Monthly calendar of and announcements for meetings and special events; 

• Links to other related sites, as deemed necessary; 

• Contractor information per segment page;  

• Partners page, including contractors working on the project; 

• Comment form; 

• E-Mailing list request form; 

• Photos taken during construction; and 

• E-Published materials in English, Spanish, Vietnamese, and other languages as 

needed. 

 

3.2  Social Media – Facebook and Twitter 

Social media will be used for the purpose of information dissemination and monitoring external 

third-party discussion regarding the SWSP.  Social media platforms are the fastest way to 

reach a large audience in the shortest amount of time. The COT will not be engaging in 

answering questions or replying to comments on these social media platforms.  The Facebook 

page will state the purpose of the site and direct anyone with questions or comments to the 

website or to call the SWSP hotline. 

 

To support the project, the COT will examine the possibility of establishing, maintaining, and 

operating the following social media identities on behalf of the project:  

• SWSP on Facebook  

• SWSP on Twitter  

 

These domains are available. Upon approval by the WHCRWA Board of Directors, the COT 

will manage and monitor these platforms daily. The COT will develop a social media policy 

within the third quarter of 2019 for WHCRWA (if the Board agrees to pursue this 

communication tool). 

3.3 Open House Public Meetings 

Prior to the beginning of construction of pipeline segments, and as needed throughout the 

duration of the project, the COT will schedule, advertise, organize, and host open house public 

meetings to inform nearby key audiences about upcoming construction activities and associated 
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mitigation efforts. All relevant key audiences (including Opinion Makers, Organized Groups, and 

the General Public) will be invited to attend these Public Meetings. The COT, in coordination 

with the Program Management Team, will create the agenda, project materials, and 

informational products for dissemination.  Public input, by way of comment cards, will be 

encouraged.  

The agenda will include the project’s status and key issues of interest to the targeted audience. 

Topics may include: 

• Pipeline route; 

• Scheduling and duration of construction, including road closures and detours; 

• Environmental mitigation measures, including noise and dust attenuation, as appropriate; 

and,   

• Other issues determined throughout project delivery. 

Advertisements or notices for any open house public meetings will occur with advanced notice of 

30 days, or as time permits. Methods of advertising meetings may include e-blasts, social 

media, website postings, and publishing notices in traditional media outlets, such as local 

newspapers and television and radio stations. 

 

3.3.1  Community Outreach Meetings/Presentations   

Prior to the beginning of construction of pipeline segments, and as needed throughout the 

duration of the project, the COT will coordinate with key audience groups (categorized as 

Organized Groups) to schedule, organize, and conduct presentations to interested parties 

regarding the project status and path forward. The COT will address any issues and concerns 

that arise from these presentations. A majority of these outreach presentations will take place as 

part of regularly scheduled community meetings, professional group luncheons/breakfasts, and 

other meetings organized by third-party organizations. 

 

3.3.2 Media Coordination and Crisis Communication 

All media interactions will follow the protocol outlined by WHCRWA Crisis Communication Media 

Relations Plan, unless otherwise directed by the Board of Directors or the Program Management 

Team. As appropriate, the COT will prepare key messaging, press releases, media advisories, 

and media kits to support inquiries by media correspondents.  

The COT will support media coordination efforts by: 

• Utilizing existing SWSP resources or developing advertising messages to include 

graphics and slogans;  

• Placing project-related messages in the appropriate media;  

• Developing and distributing public service announcements and news reports; 

• Managing media relations with key reporters  (This also includes preparing and 

distributing news releases and media kits); 

• Communicate early and often about planned construction activities, as well as any 

unplanned issues or emergencies; 

• Communicating plans that anticipate and minimize traffic impacts to the public during 
special and seasonal events; and  

• Monitoring local, state, and national media coverage for accuracy and to gauge local 

opinion. 

• Various paid advertising methods (traditional, print and digital) and frequencies will be 

determined in collaboration with the WHCRWA and NFBWA, as per the Community 

Outreach Plan budget. 
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It is assumed that the WHCRWA Crisis Communication Media Relations Plan will be followed in 

the event of a crisis event, and the COT will support the WHCRWA Board of Directors in 

responding to any project-related crisis in a rapid, professional, and continuous manner. 

 

4 COMMUNICATION TOOL IMPLEMENTATION PLAN 

Tool Key Audience Timing* Lead 

SWSP website 

• Welcome 

• Overview of Project 

• Segment pages to 
include contractor 
information, map of 
route, and timelines 

• Construction/traffic 
detour information, as it 
is reasonably available 
(Construction/traffic 
map to include detours 
and alternate routes)  

• FAQs 

• Articles regarding 
benefits and purpose of 
the SWSP 

• Updated newsletters, 
press releases, 
announcements, etc. 

General Public Within 3rd 
 Quarter of 2019 

Marisa Perez 

Connor Stokes 

Russ Lambert 

Newspaper Advertising and 
Editorials 

• Distribution area to 
align with the SWSP 
route and surrounding 
areas that could be 
impacted by 
construction and/or 
traffic delays 

• Excellent point of 
distribution for articles, 
press releases, 
segment maps, etc. 

• Monthly editorial 
updates 

Organized 
Public,  
General Public 

Starting 3rd Quarter 
2019 and Ongoing – 
General information, 
initially focusing on 
the value of the 
project and including 
construction maps to 
show pipeline 
segment locations 
and timeline 

Marisa Perez 
Connor Stokes 

 
 

Press releases 

• Distribution of official 
announcements 

• Sent to Key Audiences 
 

Opinion makers, 
General Public 

At groundbreaking of 
project, milestones, 
and any emergency 
related 
communications 

Leslie Hollaway 
Marisa Perez 
Connor Stokes 
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Tool Key Audience Timing* Lead 

Construction Communication 
Team meetings 

• Assist the 
Communication 
Outreach Team in 
assessing 
communications needs 
and advising the team 
of the effectiveness of 
the chosen strategies 

 

Internal Monthly or as needed Leslie Hollaway 
Marisa Perez 
Connor Stokes 

 

Chamber of Commerce 
monthly newsletters 

Organized Public Monthly or as needed Marisa Perez 
 

HOA/POA newsletters and 
E-blasts 

Organized Public Monthly or as needed Marisa Perez 
 

Educational Tri-folds of each 
pipeline segment 

• Distributed through 
mass mail, briefings, 
etc. 

Organized 
Public, General 
Public  

3rd Quarter, 2019 and 
ongoing 

Leslie Hollaway 
Marisa Perez 
Connor Stokes 

 

Utility billing inserts 

• Provide educational 
inserts to MUDs and 
City of Houston  

Organized 
PublicGeneral 
Public 

These will be offered 
to all water utility 
companies. We 
suggest they be sent 
out 90, 60, and 30 
days in advance of 
construction. 

Marisa Perez 
Connor Stokes 

 

One-on-one meetings 

• Document meeting 
summary in HubSpot 

Opinion makers Ongoing, once 
contracts are awarded 
and timeline is in 
place 

Leslie Hollaway 
Connor Stokes 

 

Door hangers 

• In areas with unique or 
significant construction 
impacts 

• Coordinated with 
construction timing 

General Public Contractors are 
required to put these 
out a minimum of two 
week prior to 
beginning of 
construction. 

Contractors 
with approval of 
the COT and 
Program 
Manager 

*DATES ARE SUBJECT TO CHANGE BASED ON VARYING CONSTRUCTION TIMELINES ALONG THE CORRIDOR.  

COMMUNICATIONS AND OUTREACH WILL BE PLANNED ACCORDINGLY.   
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Tool Key Audience Timing* Lead 

Presentations and briefings 

• HOA and Super 
Neighborhood meetings 

• Business groups 

• Civic organizations 

• City council and 
Township meetings 

• Chamber meetings 

• Schools 

• TIRZ 
 

Opinion makers,  
Organized Public 

Contact will be made 
prior to construction 
and 90 days before 
activity in each related 
pipeline segment 
area. Some 
audiences may 
require monthly 
updates. 

Leslie Hollaway 
Marisa Perez 
Connor Stokes 

 

SWSP Hotline 

• One main phone 
number for all SWSP 
inquiries 

• Will be answered by a 
member of the 
Communication 
Outreach Team 
Member 

• Will enter all calls and 
inquiries into Public 
Comment Management 
System 

 

General Public Ongoing Marisa Perez 
Connor Stokes 
 

Call Taker Training for frontline 
staff of Elected Officials 

• Provide FAQ or project 
brochure 

• Train on key messages 
and how to direct 
people to call center or 
website 

 

Opinion makers Kickoff 3rd Quarter 
2019 and ongoing, 
regularly scheduled 
updates/training  

Leslie Hollaway 
Marisa Perez 
Connor Stokes 

 

WHCRWA and NFBWA 
request to add information to 
websites 

• Provide hyperlink to the 
SWSP website for 
construction information 

 

General Public Ongoing Marisa Perez 
Russ Lambert 

*DATES ARE SUBJECT TO CHANGE BASED ON VARYING CONSTRUCTION TIMELINES ALONG THE CORRIDOR.  

COMMUNICATIONS AND OUTREACH WILL BE PLANNED ACCORDINGLY.   
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5 DOCUMENTATION OF COMMUNICATION AND OUTREACH 

ACTIVITIES 

In coordination with the WHCRWA, the COT will maintain accurate and dependable records of 

all public outreach efforts of the SWSP. This includes: 

• Documentation of all media relations efforts and SWSP-related news in a media relations 
database; 

• Public/community meeting attendance record keeping; 

• Public comment and inquiry collection, response tracking, and follow-up; and, 

• Cataloging, documentation, and provision of all original feedback documents. 

 

The key audiences database will house feedback and public comments. These will be received 

in several forms, including electronic media and written responses. The following tools to solicit 

feedback will be developed and implemented: 

• Self-mailing comment cards; 

• Comment collection boxes at public meetings and other public events;  

• Formally submitted letters and emails; 

• Online forums including email address: info@surfacewatersupplyproject.com; and, 

• The project hotline: (844) 638-7977. 
 

A communication protocol will be established between the WHCRWA Board of Directors and the 
COT to document, track, and respond in a timely manner to comments and requests received.  
 
Comprehensive and accurate record keeping of public interaction will protect the project and 

allow for evidence-based decision-making regarding public outreach. Documenting public 

comments and requests and tracking team responses establishes transparency with the public 

and engenders trust that the public’s issues are important and considered during the project. 

Listening to key audiences’ concerns and feedback is a valuable source of information that can 

be used to improve a project’s approach or design. 

The COT will utilize a Customer Database and a Public Comment Management System (PCMS) 

to communicate with all audiences, as well as collect, track, and respond to requests, 

complaints, and comments made regarding the project.  

 

 
 

mailto:info@surfacewatersupplyproject.com
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5.1 Key Audiences Database  

The COT has developed an initial Key Audiences Database (See Attachment 8.3), which 

includes the varying audiences identified within Section 2 of this plan. It is anticipated that the 

COT will come into regular contact with various individuals while conducting outreach activities, 

and the COT will collect and record the contact information of these individuals in the database 

within 24 hours of receipt.  

 

Names, positions, and contact information (mailing address, email addresses, and phone 

numbers) will be consistently logged, housed, and maintained in the database to initiate 

communication with various audience groups as necessary.  

 

This data will be collected through in-person meetings, by phone, or via the website or email. 

The COT will send public inquiry reports weekly to the Program Management Team to ensure 

that inquiries are being proactively captured and documented, and that follow-up is provided. 

The COT will maintain accurate records of these inquiries throughout the life of the project. 

 

The COT will expand upon the current community outreach efforts that have been previously 

implemented, and data will be updated to create a comprehensive key audiences database that 

includes mailing lists, comment databases, attendee lists for public meetings/hearings, and other 

records of communication. As information gaps are identified, the COT will conduct research to 

ensure that the database is comprehensive, up-to-date, and reliable.  

 

The Customer Database will include names and contact information for the following:  

• Local and state elected officials and staff representatives;  

• Representatives of local governmental entities and project-related governmental 

agencies (city, county, utility, and other government subdivisions);  

• Community coalition representatives, special interest groups, and civic organizations;  

• Media representatives;  

• Businesses;  

• Emergency management and first responders; and  

• The general public. 

 

The COT will maintain and update the Customer Database continuously. Names and contact 

information of persons attending public meetings/hearings, community forum representatives, 

and any interested individuals will be added to the database on an ongoing basis throughout the 

duration of the project. The database will be maintained online utilizing HUBSPOT, a real-time, 

cloud-based data management service with Microsoft Excel compatibility (including sorting and 

mail merge capability).  

 

The COT will be mindful to identify regions with populations who may have Limited English 

Proficiency (LEP). This data will be utilized by the team to support public information and 

communications needs, such as mass emails.   

5.2 Public Comment Management Tracking System  

The COT will develop and maintain a Public Comment Management Tracking System (PCMTS) 

to document, monitor, and provide timely responses to public inquiries. All comments, inquiries, 
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and requests for information will be tracked through the PCMTS. The platform for this database 

is cloud-based software (HubSpot); however, reports may be exported and provided at any time 

to the Program Management Team via Microsoft Excel or Microsoft Word.  

 

The following information will be collected in the PCMTS:  

• Name of individual; 

• Physical address;  

• Mailing address; 

• Phone number(s); 

• E-mail address; 

• Subject matter/topic; 

• Specific comment, question, or request to include date received;  

• Comment resolution status updates through coordination of the Lead PM; 

• Date of resolution; and 

• Governmental jurisdictions/boundaries (i.e., elected official representation at the City, 

County, State, and Federal level). 

 

 
Figure 5: Community Outreach Team and Public Comment Management Tracking System 

Should a request require immediate coordination, the appropriate communication channels will 

be followed.  The individual who submitted the public comment/inquiry will be updated weekly by 

the COT regarding status of the inquiry until the comment/inquiry has been completed/settled. 

The status of all comments received will be tracked in the PCMTS from request through 

resolution. 

 

Within 24 hours of receipt, public comments, questions, and requests will be provided with a 

response. The public comment inquiry log will be continuously maintained, compiled, and 

submitted to the Program Management Team on a monthly basis.  
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6 PROJECT MILESTONES 

 

Milestone Deadline  Communication Activities 

Phase 1 – 
Development 
 
 

 
2019 – 
3rd Quarter 

• Complete COP 

• Establish CCT and provide potential members 
with written invitations to participate 

• Review and refresh contacts list for key 
audiences, opinion makers, community 
organizations, etc. 

• Develop pipeline construction fact sheets, 
brochures, and other written materials 

• Revise existing project video to include detailed 
construction impact information 

• Begin scheduling and participating in-person 
meetings with Opinion Makers 

• Send out quarterly electronic newsletter to Key 
Audiences Database members 

• Track and respond to all public 
inquiries/comments 

 

 

• Host first meetings with CCT 

• Conduct SWSP media relations training for key 
SWSP team members 

• Website updated to include construction 
communication information 

• Continue scheduling and participating in 
presentations at community meetings with 
community and special interest groups and civic 
organizations 

• Begin community outreach visits with 
businesses along alignment 

• Provide initial traffic control/detour information 
to appropriate Opinion Maker contacts 

• Host segment-specific public open house(s) 
approximately 4 months prior to construction 
start 

• Begin project-related media relations 
educational briefings 

• Send out quarterly electronic newsletter to Key 
Audiences Database 

• Track and respond to all public 
inquiries/comments 

• Participation in WHCRWA Annual Town Hall 
meeting to provide information to MUDs. 
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Phase 1 – 
Development 
 

2019 –  
4th Quarter 

• Groundbreaking event to be held at the 
beginning of construction 

• Continue CCT meetings 

• Continue scheduling and participating in 
presentations to/community meetings with 
community and special interest groups and civic 
organizations 

• Continue community outreach visits with 
businesses along alignment 

• Host pipeline segment-specific public open 
house(s) approximately 4 months prior to 
construction start 

• Continue project-related media relations 
educational briefings 

• Monitor COT performance measures; adjust 
strategies to maximize effective tactics and 
make adjustments as needed 

• Send out quarterly electronic newsletter to Key 
Audiences Database members 

• Track and respond to all public 
inquiries/comments 

 

Phase 2 – 
Construction Start 

2020 – 
1st and 2nd 
Quarters 

• Reinforce project “benefit and purpose” 

• Use opportunity with media to push message of 
“benefit and purpose” of the project 

• Highlight website, fact sheets, and other 
information being made available to the public 

• Promote project awareness through paid 
advertising/educational opportunities (e.g., 
radio) 

• Conduct project update presentations and in-
person briefings to update  Key Audiences 

• Monitor COT performance measures; adjust 
strategies to maximize effective tactics and 
make adjustments as needed 

• Send out quarterly electronic newsletter to Key 
Audiences Database members 

• Track and respond to all public 
inquiries/comments 

• Address issues of concern to local residents, 
business owners, etc. 
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Phase 2 – 
Ongoing 
Construction 
Efforts 

2020 – 2023 • Update SWSP communication tools quarterly 
(at minimum) 

• Maintain quarterly elected official briefings and 
media relations briefings with local/community 
news outlets 

• Conduct project update presentations and in-
person briefings to update Key Audiences 

• Monitor COT performance measures; adjust 
strategies to maximize effective tactics and 
make adjustments as needed 

• Send out quarterly electronic newsletter to Key 
Audience Database members 

• Track and respond to all public 
inquiries/comments 

• Address issues of concern to local residents, 
business owners, etc. 

 

Construction 
Completion 

Anticipated 
Completion – 
2023 

• Update SWSP communication tools 

• Consider a special event or open houses along 
pipeline alignment 

• Thank community for patience during project 
construction; explain next steps and transition to 
surface water 

• Offer pump station tours to MUDs, Key 
Audiences 

 
 
All Program Manager designated personnel affiliated with the SWSP pipeline installation project will 
be required to use branded SWSP Personal Protective Equipment (PPE) gear. The PPE will be 
supplied by the contractor as outlined within the contractor’s agreement. It is assumed that all 
contractors serving the project will comply with the communications obligations set forth in respective 
contracts with WHCRWA. This includes the use of post cards, door hangers, signage and other tasks 
outlined by the contract. 
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7 PROGRAM ASSESSMENT AND CONTINUOUS IMPROVEMENT 

Various opportunities for assessment of the COP exist that can be utilized during the project.  

The COT will incorporate the following activities at the request of the Program Management 

Team in order to accumulate additional information and feedback, as needed, to gauge needed 

improvement and to test messaging effectiveness. 

 

7.1 Opportunities for Assessment 

• Website Analytics for the SWSP website – In coordination with Texas Network, the COT 

will monitor and provide reports to the SWSP Program Management Team on the 

following analytics to gauge effectiveness of messaging and information presented: 

number of people visiting site, time spent on site, comments, and other pertinent 

information posted by the general public. 

• Internet-based Polling - The COT has the capability to generate Survey-Monkey-type 

questionnaires to elicit feedback on the COP effectiveness.  A portal to a survey can be 

included on the SWSP website at any time during the construction process. 

• 1-800 Hotline - Calls will be logged and reported for contact information, segment of route 

from which calls are being received, and subject matter. 

• Construction Communication Team - The COT will rely on the CCT for insightful 

feedback and suggestions for continuous improvement to the COP throughout the 

construction process. 

• Media Monitoring – The COT will utilize third-party software to monitor all media 

coverage of the project. This tracking data will be utilized to ensure that accurate and 

timely information is being presented by the media and to indicate if and when corrective 

actions need to be taken. 

 

7.2 Community Outreach Plan Review and Update 

In alignment with the stated COP goals and objectives, the COT will continually maintain the 

COP to ensure delivery of high-quality, well-executed communications. The plan will be flexible 

to capture the full magnitude of yet-to-be-determined impacts from the SWSP goals and 

objectives and the public’s reaction to these and other impacts.  
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8 ATTACHMENTS 

8.1 Community Outreach Team Contact Information 

8.2 WHCRWA Crisis Management Media Relations Plan 

8.3 Key Audience Database for Project (as of April 2019) 
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ATTACHMENT 8.1 

Community Outreach Team Contact Information 

 
Name Role Email Office Cell 

Leslie 

Hollaway  

Project 

Communications 

Principal/Crisis 

Communication 

Manager 

Leslie@surfacewatersupplyproject.com 713-868-

1043 

409-789-

9993  

Marisa 

Perez 

Deputy Project 

Communications 

Manager 

Marisa@surfacewatersupplyproject.com 713-955-

7566 

844-638-

7977 

Connor 

Stokes  

Deputy Project 

Communications 

Manager 

Connor@surfacewatersupplyproject.com 713-955-

7549 

---- 

Greg 

Sevcik 

Creative 

Manager 

Gregory@surfacewatersupplyproject.com 713-868-

1043 

---- 
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ATTACHMENT 8.2 

WHCRWA Crisis Communication Media Relations Plan 
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ATTACHMENT 8.3 

Key Audiences Database for Project (As of May 2019) 

 



 

WHCRWA CENTRAL PUMP STATION 

OPERATIONS BUILDING FF&E 

Lobby 101 

(2) Ziva 83" Upholstered Bench -------------------------------------- $2500 ---------------------------------- $5,000.00 

(3) Ziva 36" Round Ottoman------------------------------------------- $1000 ----------------------------------- $3,000.00 

(4) Ziva 24" Round Ottoman------------------------------------------- $1500 ----------------------------------- $6,000.00 

(1) TempIe CocktaiI Table---------------------------------------------- -$1000 ---------------------------------- $1,000.00 

(2) Temple Side Table--------------------------------------------------$ 350----------------------------------- $ 700.00 

(3) Hon Flock Guest Chair-----------------------------------------------$1110 ----------------------------------- $3,330.00 

(1) Contemporary Light Fixture------------------------------------------------------------------------------- $ 900.00 

(1) 12' Display Cabinet ---------------------------------------------------------------------------------------- $3,500.00 

(3) 6' Display TabIes------------------------------------------------------$1200 ----------------------------------- $3,600.00 

(2) Tatco Crowd Control Stanchions----------------------------------$ 550 ------------------------------------ $1,100.00 

(2) Portable Display Boards-------------------------------------------- $1100 ----------------------------------- $2,200.00 

(4) LED Kiosks--------------------------------------------------------------$3500 -------------------------------   $14,000.00 

(1) Signage on Focus Wall ---------------------------------------------------------------------------------   $10,000.00 

Additional Lamps, Wall Art, Accessories -----------------------------------------------------------------    $2,000, 00 

Room Total: $ 56,330.00 

Boardroom 102 

(180) Uline Stack Chairs     -------------------------------------------$ 85 -------------------------------- --$15,300.00 

(26) Metal Stack Chair Dolly-------------------------------------------- $65 ------------------------------------    $1,690.00 

(8) Hon Credenza Shells w/ Connecting Trim----------------------$320 ------------------------------------   $2,560.00 

(16) Hon Solve Mid-Back Task Chair ------------------------------ $435 ---------------------------------   $6,960.00 

(1) Lectern/Podium---------------------------------------------------------------------------------------------------   $   500.00 

(6) Muzo/Kite 30"x 30" Tables-----------------------------------------$650 ------------------------------------ $3,900.00 
(4) Muzo/Kite Boat End Tables--------------------------------------- $580 ------------------------------------- $2,320.00 

XoreI Acoustical Panels --------------------------------------------------------------------------------------- $3,000.00 

Additional Wall Art, White Boards, Accessories ---------------------------------------------------------- $3,000.00 

Room Total: $39,230.00 

Catering 103 

Appliance Package -Refrigerator, Electric Range, Dishwasher, Counter Microwave            $3,500.00 
Ice Machine -----------------------------------------------------------------------------------------------------   $3,400.00 

Accessories, Small Wares  -----------------------------------------------------------------------------------   $1,000.00 

Room Total: $7,000.00 

Women 106 /Men107 

Accessories /Decorative Items ----------------------------------------------------------------------------- $ 1000.00 

Room Total: $1000.00 

 

Unisex 123 /Men Shower 120 

(2) 42” ADA Locker Bench w/Accessories /Decorative Items --------------------------------------- $ 2000.00 

Room Total: $2000.00 

 

rishi.saladi
Text Box
APPENDIX X -  LIST OF FURNITURE AND FIXTURES



 

 

Conference 136 
 

(1) JSI 16'  Finale Conference Table ---------------------------------------------------------------------- $8,000.00 

(1) JSI Storage Credenza ------------------------------------------------------------------------------------ $3,300.00 

(1) JSI Double Height Storage Cabinet w/Doors ---------------------------------------------------- $3,200.00 

(2) JSI  84"  Storage Hutch------------------------------------------------$3525 -------------------------- $7,050.00 

(2) JSI Shelving Conversion Kits----------------------------------------$ 740 -------------------------  $ 940.00 

(12) Hon Preside Conference Chairs----------------------------------$ 485 ------------------------ $5,820.00 

(12) Hon Pillow-soft Guest Chair---------------------------------------$ 450 ------------------------ $5,400.00 

Additional Accessories, White Boards, Wall Art --------------------------------------------------- $4,000.00 
 

Room Total:   $37,710.00 

Break Room 134 
 

(2)  Nosh Tables w/Base-----------------------------------------$800 -------------------------- $1600.00 

(8) Sidero Dining Chairs-----------------------------------------------$200 ---------------------------- $1600.00 

Appliance Package -Refrigerator, Dishwasher, Counter Microwave  ------------------------ $2500.00 

Additional Accessories, Small Wares, Wall Art ----------------------------------------------------- $1500.00 
 

Room Total:   $ 7,200.00 

Janitor 124 
 

Washer/ Dryer ---------------------------------------------------------------------------------------------- $1500.00 

Addit ionaI TabIe, Rack, Accessori es -------------------------------------------------------------------- $500.00 
 

Room Total:   $2,000.00 
 

Offices 131,132.133 
 

(1) Hon 36"x 72"  PedestaI Desk ---------------------------------------------------------------------------- -$900.00 

(1) Desk Return w/Fi le -------------------------------------------------------------------------------------- -$740.00 

(1) Center Drawer -------------------------------------------------------------------------------------------- -$135.00 

(1) Keyboard Platform -------------------------------------------------------------------------------------- --115.00 

(1) Credenza w/Lock ---------------------------------------------------------------------------------------- --$950.00 

(1) Stack-On w/Flipper Doors ------------------------------------------------------------------------ -$770.00 

(1) Tack Board for Stack-On ------------------------------------------------------------------------------ -$270.00 

(1) Hon lgnition Mid-Back Task Chair ------------------------------------------------------------------- -$495.00 

(2) Hon Pillow-Soft Guest Chair---------------------------$440 --------------------------------------- -$880.00 

(1) Morden Mesh Trash Bin -------------------------------------------------------------------------------- --$15.00 

(1) Chair Mat -------------------------------------------------------------------------------------------------- -$130.00 
 

[Single Room Total]: $5,400.00 

Total All Rooms: $16,200.00 

 

Cubicles 129 
 

Estimate for Cubicles for 6 People ------------------------------------------------------------- $20,000.00 

(6) Hon Ignition Low-Back Task Chairs-------------------------------$425-----------------------$   2,550.00 

(6) Waste Baskets --------------------------------------------------------------------------------------$ 90.00 

Additional Accessories, White Boards, Wall Art-------------------------------------------------$  1,560.00 
 

Room Total: $24,200.00 
 



 

 

Copy, Print. Plan 128/ Storage 127 
 

{21) 10 Drawer Flat Plan Files ------------------------------------------$2500 -------------------- $52,500.00 

Additional Furnishings, White Boards, Accessories ------------------------------------------- $ 2,000.00 
 

Room Total: $54,500.00 
 
 

EMERGENCY QUARTERS 116 
 

(1) First Aid Cabinet/Stocked ----------------------------------------------------------------------------- $500.00 

(1) Flip Top Table -------------------------------------------------------------------------------------------- $600.00 

(2) Hon Pagoda Chairs----------------------------------------------------$300 -------------------------- $600.00 

(2) Inofia Folding Twin Beds/Mattresses/Covers------------------$370 -------------------------- $740.00 

(2) Sets Sheets/Blankets/PiIlows------------------------------------- -$70 ---------------------------- $140.00 

(1) Duxbury RecIin er ---------------------------------------------------------------------------------------- $540.00 

WaII Hook, Mirror, Waste Basket ----------------------------------------------------------------------- $ 80.00 
 

Room Total: $3,200.00 
 

Lab 126 (Excludes control workstation console, plumbing fixtures and cabinets) 
 

(2) Medium Form Polyurethane Industrial Caster Chairs---------------------$350- -----------  $    700.00 
     Fischer Isotemp Value Lab Freezer ------------------------------------------------------------------ $  1,285.00 
     Fischer Isotemp Value Lab Refrigerator ------------------------------------------------------------- $  1,304.00 
Hach Equipment Package (see schedule) -------------------------------------------------------------- $30,691.00 

Additional Accessories ----------------------------------------------------------------------------------- $ 4,800.00 
 

Room Total:   $38,780.00 
 

SCADA 110  (Excludes control room workstation consoles) 

(1) Double PedestaI Desk ------------------------------------------------------------------------------- $ 1,150.00 

(1) Mid Back Task Chair ------------------------------------------------$400 -------------------------- $1,600.00 

AdditionaI Furnishings, White Boards ----------------------------------------------------------------- $500.00 
 

Room Total: $3,250.00 
 

Back Covered Porch 

(1) Out door TabIe ------------------------------------------------------------------------------------------ $800.00 

(4) Outdoor Dining Chairs-----------------------------------------------$325 -------------------------- $1300.00 

(2) Outdoor Rockers------------------------------------------------------$450 -------------------------- $900.00 

(1) Outdoor Side Table ------------------------------------------------------------------------------------ $200.00 

Room Total: $3200.00 

 
 

Room Totals: $ 294,500.00 

Interior Signage Package: $     4,500.00 

Window Treatments:  $     6,000.00 

Freight Allowed: $   16,000.00 

Escalation Allowed: $  29,000.00 

Building Total:    $ 350,000.00 

 Taxes Not Included (Owner provides Sales and Use Tax Exemption) 



Lab Equipment Schedule

Select
All

Product Product Name and Number Availability Shipment Frequency Quantity USD Unit Price Total Price

DR300 Pocket Colorimeter, Chlorine, Free + Total, MR, with Box
LPV445.97.62110

One Time $440.00 $3,520.00

DR300 Pocket Colorimeter, Monochlor/Free Ammonia, with Box
LPV445.97.26110

One Time $440.00 $2,640.00

DPD Total Chlorine Reagent Powder Pillows, 25 mL, pk/1000
1406428

$216.00 $216.00

DPD Free Chlorine Reagent Powder Pillows, 10 mL, pk/1000
2105528

$186.00 $186.00

SpecCheck Secondary Gel Standards Set, DPD Chlorine - LR
2635300

$182.00 $364.00

SpecCheck Secondary Gel Standards Set, DPD Chlorine - HR
2893300

$184.00 $368.00

Sample Cell: 1" Round Glass 10mL
2427606

$32.99 $65.98

Sample Cell: 1" Round Plastic 10mL with 1cm Pathlength
4864302

$18.25 $182.50

Free Ammonia Reagent Set, 50 tests
2879200

$116.00 $116.00

SpecCheck Secondary Gel Standards Set for Monochloramine & Free
Ammonia.
2507500

$185.00 $370.00

DR900 Multiparameter Portable Colorimeter
9385100

One Time $1,436.00 $1,436.00

Instrument Carrying Case for DR800 and DR900 Colorimeters, hard-
sided
4942500

$98.45 $98.45

Hardness Reagent Set, Calmagite Colorimetric
2319900

$76.95 $307.80

Update

Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

https://www.hach.com/pickandship
https://www.entrust.net/customer/profile.cfm?domain=www.hach.com&lang=en
https://www.hach.com/dr300-pocket-colorimeter-chlorine-free-total-mr-with-box/product?id=55321383876
https://www.hach.com/dr300-pocket-colorimeter-monochlor-free-ammonia-with-box/product?id=55321383873
https://www.hach.com/dpd-total-chlorine-reagent-powder-pillows-25-ml-pk-1000/product?id=7640188395
https://www.hach.com/dpd-free-chlorine-reagent-powder-pillows-10-ml-pk-1000/product?id=7640187690
https://www.hach.com/speccheck-secondary-gel-standards-set-dpd-chlorine-lr/product?id=7640204329
https://www.hach.com/speccheck-secondary-gel-standards-set-dpd-chlorine-hr/product?id=7640204335
https://www.hach.com/sample-cell-1-round-glass-10ml/product?id=7640432890
https://www.hach.com/sample-cell-1-round-plastic-10ml-with-1cm-pathlength/product?id=7640433455
https://www.hach.com/free-ammonia-reagent-set-50-tests/product?id=23953057952
https://www.hach.com/speccheck-secondary-gel-standards-set-for-monochloramine-free-ammonia/product?id=7640204338
https://www.hach.com/dr900-multiparameter-portable-colorimeter/product?id=15684103251
https://www.hach.com/instrument-carrying-case-for-dr800-and-dr900-colorimeters-hard-sided/product?id=7640312218
https://www.hach.com/hardness-reagent-set-calmagite-colorimetric/product?id=7640191031
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Select
All

Product Product Name and Number Availability Shipment Frequency Quantity USD Unit Price Total Price

SPADNS Fluoride Reagent AccuVac® Ampules, pk/25
2506025

$40.69 $81.38

DR3900 Laboratory VIS Spectrophotometer with RFID* Technology
LPV440.99.00012

One Time $4,604.00 $4,604.00

Sample Cell: 1" Square Glass 10 mL matched pair
2495402

$124.00 $620.00

Replacement Light Shield, DR3900
LZV849

$60.95 $60.95

Nitrite TNTplus Vial Test, LR (0.015-0.600 mg/L NO2
--N), 25 Tests

TNT839

$40.60 $81.20

Nitrate TNTplus Vial Test, LR (0.2-13.5 mg/L NO3-N), 25 Tests
TNT835

$46.89 $93.78

Ammonia TNTplus Vial Test, ULR (0.015 - 2.00 mg/L NH3-N), 25 Tests
TNT830

$58.49 $116.98

Full SL1000 Portable Parallel Analyzer™ (PPA) Kit
8499000

One Time $3,982.00 $3,982.00

HQ40D Portable pH and Conductivity/TDS Meter, Field Kit for
Environmental Monitoring, with Gel pH Electrode and Conductivity
Cell, 3 m Cable
HQ40D53103203

One Time $1,871.00 $3,742.00

Electrode Cleaning Solution for Regular Maintenance, 500 mL
2965249

$36.89 $36.89

HQ440D General Purposes Water Laboratory pH and
Conductivity/TDS Meter Package with Robust Plastic Body PHC201
Electrode and 4 Poles Graphite CDC401 Cell
8507570

One Time $2,519.00 $2,519.00

Hardness (Total) Test Kit, Model HA-DT
2063600

$269.00 $269.00

Alkalinity Test Kit, Model AL-DT
2063700

$271.00 $271.00

Chloride Test Kit, Model CD-51
208601

$123.00 $123.00

Pocket Pro pH Tester
9531000

One Time $86.30 $517.80

Stir Plate, TitraStir, 115 Vac
1940000

One Time $697.00 $1,394.00

Digital Titrator
1690001

One Time $190.00 $190.00

Stir Bar, Magnetic, Octagonal, 50.8 x 7.9 mm
2095355

$8.45 $50.70

Delivery Tubes for Digital Titrator, 90 Degree Bend
4157800

$7.15 $7.15

Bottle Rack, Plastic-Coated, 15 Compartments
2551800

$40.19 $40.19

 Update

2W Update

2W Update

 Update

 Update

1W Update

1W Update

1W Update

 Update

 Update

1W Update

 Update

 Update

 Update

 Update

1W Update

 Update

 Update

 Update

 Update

https://www.hach.com/spadns-fluoride-reagent-accuvac-ampules-pk-25/product?id=7640209884
https://www.hach.com/dr3900-laboratory-vis-spectrophotometer-with-rfid-technology/product?id=7640439026
https://www.hach.com/sample-cell-1-square-glass-10-ml-matched-pair/product?id=7640432891
https://www.hach.com/replacement-light-shield-dr3900/product?id=7640437823
https://www.hach.com/nitrite-tntplus-vial-test-lr-0-015-0-600-mg-l-no-sub-2-sub-sup-sup-n-25-tests/product?id=7640209876
https://www.hach.com/nitrate-tntplus-vial-test-lr-0-2-13-5-mg-l-no-sub-3-sub-n-25-tests/product?id=7640209874
https://www.hach.com/ammonia-tntplus-vial-test-ulr-0-015-2-00-mg-l-nh-sub-3-sub-n-25-tests/product?id=7640209871
https://www.hach.com/full-sl1000-portable-parallel-analyzer-ppa-kit/product?id=23927353076
https://www.hach.com/hq40d-portable-ph-and-conductivity-tds-meter-field-kit-for-environmental-monitoring-with-gel-ph-electrode-and-conductivity-cell-3-m-cable/product?id=14122004202
https://www.hach.com/electrode-cleaning-solution-for-regular-maintenance-500-ml/product?id=7640205099
https://www.hach.com/hq440d-general-purposes-water-laboratory-ph-and-conductivity-tds-meter-package-with-robust-plastic-body-phc201-electrode-and-4-poles-graphite-cdc401-cell/product?id=7824374604
https://www.hach.com/hardness-total-test-kit-model-ha-dt/product?id=7640219515
https://www.hach.com/alkalinity-test-kit-model-al-dt/product?id=7640219547
https://www.hach.com/chloride-test-kit-model-cd-51/product?id=7640219503
https://www.hach.com/pocket-pro-ph-tester/product?id=17990686202
https://www.hach.com/stir-plate-titrastir-115-vac/product?id=7640485662
https://www.hach.com/digital-titrator/product?id=7640447369
https://www.hach.com/stir-bar-magnetic-octagonal-50-8-x-7-9-mm/product?id=7640224323
https://www.hach.com/delivery-tubes-for-digital-titrator-90-degree-bend/product?id=7640212222
https://www.hach.com/bottle-rack-plastic-coated-15-compartments/product?id=7640246952
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Select
All

Product Product Name and Number Availability Shipment Frequency Quantity USD Unit Price Total Price

Rack, Drying Glassware, Large
2089010

$140.00 $140.00

Rack, Test Tube, Polyethylene, 13 mm (O.D.), 90 Holes
2497900

$28.35 $28.35

Tensette® Pipet, 0.1-1.0 mL
1970001

$304.00 $608.00

Pipet Tips, for TenSette Pipet 1970001, 0.1-1.0 mL, pack of 50
2185696

$14.95 $14.95

Bottle, Sampling, Low Density, Polyethylene, 500 mL, 12/pk
2087079

$60.49 $60.49

Wipes, Disposable, 38 x 43 cm, 70/pk
2096900

$16.55 $16.55

Tube, Test, 13 x 100 mm, 10/pk
56510

$11.65 $23.30

Beaker, Grif�n, Low Form, Glass, 150 mL
50044H

$7.55 $30.20

Beaker, Grif�n, Low Form, Glass, 250 mL
50046H

$7.89 $47.34

Beaker, Grif�n, Low Form, Glass, 600 mL
50052

$8.85 $17.70

Beaker, Grif�n, Low Form, Glass, 1000 mL
50053

$13.70 $27.40

Cylinder, Graduated, Double Metric, 250 mL
2928303

$35.00 $70.00

Cylinder, Graduated, Double Metric, 500 mL
2928304

$44.95 $44.95

Glass Erlenmeyer Flask, 500 mL, with Screw Cap
2089649

$26.49 $52.98

Flask, Volumetric, Class A, Certi�ed, 100 mL
2636642

$59.29 $118.58

Flask, Volumetric Class A, Glass, 50 mL
1457441

$34.05 $34.05

Beaker, Polypropylene, Low Form, 250 mL
108046

$10.05 $40.20

Polypropylene Funnel, 2oz
3A1074

$9.69 $19.38

Bottle, Sampling, Low Density, Polyethylene, 1 L, 6/pk
2087083

$56.99 $56.99

Water, deionized and demineralized, 4 L
27256

$29.35 $176.10

 Update

 Update

 Update

 Update

 Update

 Update

1W Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

 Update

3D Update

https://www.hach.com/rack-drying-glassware-large/product?id=7640223689
https://www.hach.com/rack-test-tube-polyethylene-13-mm-o-d-90-holes/product?id=7640225851
https://www.hach.com/tensette-pipet-0-1-1-0-ml/product?id=7640447373
https://www.hach.com/pipet-tips-for-tensette-pipet-1970001-0-1-1-0-ml-pack-of-50/product?id=7640234596
https://www.hach.com/bottle-sampling-low-density-polyethylene-500-ml-12-pk/product?id=7640240924
https://www.hach.com/wipes-disposable-38-x-43-cm-70-pk/product?id=7640232661
https://www.hach.com/tube-test-13-x-100-mm-10-pk/product?id=7640223017
https://www.hach.com/beaker-griffin-low-form-glass-150-ml/product?id=7640229641
https://www.hach.com/beaker-griffin-low-form-glass-250-ml/product?id=7640229642
https://www.hach.com/beaker-griffin-low-form-glass-600-ml/product?id=7640229644
https://www.hach.com/beaker-griffin-low-form-glass-1000-ml/product?id=7640229645
https://www.hach.com/cylinder-graduated-double-metric-250-ml/product?id=7640227364
https://www.hach.com/cylinder-graduated-double-metric-500-ml/product?id=7640226475
https://www.hach.com/glass-erlenmeyer-flask-500-ml-with-screw-cap/product?id=7640229613
https://www.hach.com/flask-volumetric-class-a-certified-100-ml/product?id=7640238628
https://www.hach.com/flask-volumetric-class-a-glass-50-ml/product?id=7640238632
https://www.hach.com/beaker-polypropylene-low-form-250-ml/product?id=7640236363
https://www.hach.com/polypropylene-funnel-2oz/product?id=7640071207
https://www.hach.com/bottle-sampling-low-density-polyethylene-1-l-6-pk/product?id=7640240942
https://www.hach.com/water-deionized-and-demineralized-4-l/product?id=7640186634
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Terms and Conditions

Taxes and shipment charges are not included on the subtotal shown in this 
age. Shipping charges will be included on the checkout and order 
summary pages. You will be charged state taxes for your state. Taxes are 
determined prior to shipment and stated in your invoice.

Prices are in U.S. currency and are FOB USA Factory. Shipping and related 
transportation fees are for the account of the purchaser. Prices shown on 
this site are for orders and products to be used in the 50 United States. 
Export orders are not allowed. Hach maintains a network of international 
distributors offering sales and support services. Distributor pricing will vary 
due to shipping, duties, and other import costs. See Standard Terms and 
Conditions of Sale for complete information.

If "Ship to Customer Account" is selected, but no valid shipping account is 
added, Hach will apply standard pre-paid freight charges.

Hazardous Items

Items with this mark may be considered
hazardous under some shipping
conditions. If necessary, we will change
your selected shipping method to
accommodate these items.

Select
All

Product Product Name and Number Availability Shipment Frequency Quantity USD Unit Price Total Price

Buffer Solution Kit, Color-coded, pH 4.01, pH 7.00 and pH 10.01, 4L
2507200

$112.00 $224.00

Electrode Cleaning solution, RENOVO.N, for Clean Water Samples, 250
mL
S16M001

$26.59 $26.59

Chromic Acid Cleaning Solution 500 mL for cleaning glassware on
SP510 Hardness
123349

$46.15 $92.30

Subtotal $30,691.05

 Update

2W Update

 Update

https://www.hach.com/shippingPolicyAndRates
https://www.hach.com/returnsPolicy
https://www.hach.com/hachWarranty
http://hachcompany.custhelp.com/
https://www.hach.com/terms
https://www.hach.com/buffer-solution-kit-color-coded-ph-4-01-ph-7-00-and-ph-10-01-4l/product?id=7640205091
https://www.hach.com/electrode-cleaning-solution-renovo-n-for-clean-water-samples-250-ml/product?id=7640532128
https://www.hach.com/chromic-acid-cleaning-solution-500-ml-for-cleaning-glassware-on-sp510-hardness/product?id=7640279912
javascript:
javascript:
javascript:
https://www.hach.com/chat


 

Central Pump Station Lab Equipment 
 

Parameters: 

• Total Chlorine - MR 0.05-4.00 mg/L / HR 0.1 – 10 mg/L  

• Free Chlorine - MR 0.05-4.00 mg/L / HR 0.1 – 10 mg/L  

• Monochloramine / Free Ammonia - 0.04 – 4.50 mg/L / 0.01 – 0.5 mg/L 

• Total Ammonia - 0.05 – 1.5 mg/L 

• Nitrate - 0.2-13.5 mg/L 

• Nitrite - 0.01-1.0 mg/L  

• pH - 0-14 

• Fluoride - 0.02 – 2.00 mg/L 

• Langelier Saturation Index (Calcium Hardness, TDS, Temperature, pH, Alkalinity) 

 

Description:  

The Central Pump Station will provide retreatment for water received from the City of Houston 

NEWPP. Chemicals treatment capabilities on-site include sodium hypochlorite, liquid ammonium 

sulfate, and sodium hydroxide. 

Inframark will provide regulatory sampling for Total/Free Chlorine, pH, and monochloramine/free 

ammonia. Additionally, there should be the capability to provide process control sampling for total 

ammonia, nitrate, and nitrite. 

The City feeds fluoride which is easily checked with Hach’s Fluoride ampules and a DR900 portable 

meter. 

Because the mixing of NEWPP with MUD groundwater wells and water provided from the EWPP 

through Pump Station #1, it would be beneficial to track blending and corrosivity parameters by 

monitoring the Langlier Saturation Index. 

Investment in the listed laboratory equipment will provide extremely valuable compliance data to 

the operations staff and assist with catching potential concerns early in the process. There will be an 

additional cost savings through performing certain process control testing that is normally 

contracted to an outside laboratory. There are no current plans to provide regulatory testing and 

certification for routine bacteriological testing, however we are exploring the option of collecting 

the bacteriological samples through internal staff instead of a contractor to save additional money. 
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Central Pump Station Lab Equipment 
 

Lab Equipment: 

• DR300 Pocket Colorimeter – Total/Free Chlorine x8 

o Total DPD Packets 25 mL 

o Free DPD Packets 10 mL 

o Secondary Standards x2 

o Plastic 25 mL Sample Cells x20 

o Glass 10 mL Sample Cells x10 

• DR300 Pocket Colorimeter – Monochloramine/Free Ammonia x6 

o Monochloramine Reagent w/ ammonia bottle 

o Secondary Standards x2 

• DR900 Colorimeter x1 

o Calcium Hardness x4 

o AccuVac Fluoride Ampules x2 

• DR3900 Laboratory Spectrophotometer x1   

o TNTplus Nitrite 839 x2 

o TNTplus Nitrate 835 x2 

o TNTplus Ammonia 830 x2 

o Light Shield 

o Glass Sample Cells x10 

• SL1000 Portable Parallel Analyzer Kit x1 

• HQ40D Portable pH Meter x2 

• HQ440D Benchtop Unit x1 

o w/ 3m pH and Conductivity/TDS Probe x2 

• Hardness Titration Kit HA-DT x1 

• Alkalinity Test Kit AL-DT x1 

• Chlorine Test Kit CD51 x1 

• Pocket Pro portable pH Meter x6 

• Stir Plate x2 

o Stir bar x6 

 

 

 

 

 

 

 

Page 2 of 3



Central Pump Station Lab Equipment 
Accessories: 

• Sample bottle dryer rack x1

• pH Probe Stand x1

• Test Tube Rack 13mm x1

• Digital Titrator

• TenSette Pipette w/ tips 0.1-1.0 mL x2

• LD Sample bottles 500 mL x12

• Chem Wipes

• Test Tube 13mm x 100mm 10/pk  x2

• Griffin Beaker 250 mL x6

• Griffin Beaker 150 mL x4

• Griffin Beaker 500 mL x2

• Griffin Beaker 1L x2

• Graduated cylinder 500 mL x1

• Graduated cylinder 250 mL x2

• Glass flask 500 mL x2

• Volumetric Flask 100 mL x2

• Volumetric Flask 50 mL x1

• Plastic beaker 250mL x4

• Plastic funnel x2

• Plastic Sample Bottle 1L x4

• Deionized Water 4L x6

• pH Buffer Set 4L x2

• Absorbent Pads x10

• Cleaning Solution for glassware x2

• Safety goggles/glasses

• Nitrile Gloves 
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	TESTING CONCRETE STRUCTURES FOR WATERTIGHTNESS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Requirements for furnishing all labor, materials, tools, equipment, and services, for all testing of concrete structures for watertightness, in accord with provisions of the Contract Documents.
	2. Completely coordinate with work of all other trades.
	3. Although such work is not specifically indicated, furnish and install all supplementary or miscellaneous items, appurtenances and devices incidental to or necessary for a sound, secure and complete leak test.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 31 30 - Concrete, Materials and Proportioning.
	4. Section 03 35 00 - Concrete Finishing and Repair of Surface Defects.
	5. Section 33 16 32 – Reservoirs – Prestressed Concrete.

	C. Payment:
	1. Contractor to pay all costs required for testing, test water, retesting, patching, repair and work required to provide access for repair as required to meet watertightness requirements specified or indicated.


	1.2 QUALITY ASSURANCE
	A. Reference Standards:
	1. American Concrete Institute (ACI):
	a. 350.1, Specification for Tightness Testing of Environmental Engineering Concrete Containment Structures and Commentary.

	2. American Water Works Association (AWWA):
	a. C652, Disinfection of Water Storage Facilities.

	3. NSF International (NSF).
	4. Underwriters Laboratories, Inc. (UL).
	5. United States Department of Agriculture (USDA).
	6. Water Quality Association (WQA).


	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Watertightness testing plan:
	a. Plan shall include:
	1) Scheduling for testing.
	2) Description of testing apparatus for measuring water level in structure and evaporation pan.
	a) Include Drawings (plans, sections and details) as appropriate to fully describe apparatus.

	3) Location plan showing measurement location and evaporation pan location.
	4) Procedures for isolation of tank or compartments to ensure a constant volume during testing.
	5) Narrative describing testing procedure.
	6) Calculations showing:
	a) Total structure volume at water elevation for commencement of test period.
	b) Maximum water leakage allowed.
	c) Test period:  See ACI 350.1.

	7) Plan shall be in accordance with ACI 350.1, Chapters 1 and 2.


	3. If structure has running water leaks or fails watertightness test, submit repairing and patching plan.
	a. Include with plan:
	1) Location and areas of leaks.
	2) Repair material and procedures proposed for repair.
	3) Photographs of all visible leaks and damp areas.
	a) Include distant photos and close-ups to document conditions.




	B. Informational Submittals:
	1. Results of watertightness testing indicating the following:
	a. Level of water in structure and in evaporation pan and water temperature at commencement of test period.
	b. Level of water in structure and in evaporation pan and water temperature at end of test period.
	c. Net leakage in percent of total volume during test period (gross leakage minus that due to evaporation).
	d. Results of retesting required due to leakage exceeding percentages allowed.




	Part 2 - PRODUCTS
	2.1 MATERIALS
	A. Water for Testing:
	1. See ACI 350.1.
	2. Water treatment or storage:  Potable water.
	3. Coordinate delivery of water for testing.

	B. Any patching or repair materials that may come into contact with potable water in tanks shall be approved for drinking water per NSF, UL, USDA, or WQA.
	C. For potable water tanks, sterilize the completed tank using solution containing 200 PPM of chlorine following the criteria found in AWWA C652.


	Part 3 - EXECUTION
	3.1 PREPARATION BEFORE TESTING
	A. General:
	1. Verify the specified design concrete strength has been achieved prior to testing.
	2. Testing to be performed prior to placement of exterior backfill soil.
	a. Contractor is responsible for phasing construction to minimize the impact of and to leak testing.

	3. Contractor to furnish all necessary materials (such as gaskets and flange cover plates).
	4. Testing to be performed prior to application of specified waterproofing cementitious finishing product.
	5. Test the following tanks prior to backfilling:
	a. GSTs 1 and 2.
	b. Bulk chemical storage/containment.


	B. Source of water for watertightness testing:
	1. Coordinate disposition of water for filling tanks with RPR.
	2. The source of water will be by Contractor, approved by Engineer.
	3. The cost of providing water will be paid by the Contractor.
	a. The cost of additional water due to retesting will be paid by the Contractor.

	4. Contractor shall provide the means of transporting the water to the structure being tested.

	C. Cleaning:
	1. Thoroughly clean interior of structure to be tested of all debris and dirt and hose down surfaces of all walls and slabs.
	2. Cleaning may be required after satisfactory test completion.

	D. Patching and Finishing:
	1. Prepare concrete surfaces in accordance with ACI 350.1 and Section 03 35 00 and Section 03 31 30.
	a. Fill all holes, voids and honeycombed areas per Section 03 35 00 and Section 03 31 30.  Cracks suspected to cause leakage to be filled and sealed.
	b. Review tank for areas of potential leakage before filling.



	3.2 WATERTIGHTNESS TESTING
	A. Provide watertightness testing for the following structures in accordance with the indicated criteria:
	1. Where no elevation is given for WATER ELEVATION AT COMMENCEMENT OF TEST PERIOD in the following table, use the overflow elevation for the indicated structure.

	B. Perform a watertightness test as required by Engineer on any additional structure when in the opinion of the Engineer the structure contains sufficient concrete defects that could impair the watertightness of the structure.
	1. Testing to conform to requirements of this Specification Section with allowable leakage and other criteria as established by Engineer.

	C. Test for leakage in accordance with ACI 350.1, latest edition, Chapters 1 and 2, and this Specification Section.
	1. Isolate sections of structures that can be isolated during operation.
	a. Test each section separately.

	2. Allow Resident Project Representative to witness testing for watertightness and review accompanying results.

	D. Place evaporation pan in an easily accessible location.
	E. Record level of water in structure and evaporation pan and water temperature at commencement of the test period.
	F. During testing period, inspect structure for areas indicating leakage.
	1. Any areas evidencing running water to be repaired and patched.
	2. Patching or repair of leaks as defined above shall be completed independent of the watertighness test.
	a. Passing watertightness test does not relieve Contractor from repairing running water leaks as defined by the HST-VIO criteria.


	G. Record level of water surface in the structure and evaporation pan and temperature every 24 HRS until end of test period.
	1. Test periods defined per ACI 350.1, except that test period shall not be less than 72 hours.

	H. If leakage is greater than that allowed, repair and patch areas suspected of causing the leakage.
	1. Re-test structure using the same procedure until leakage is equal to or less than that allowed.
	2. If allowable leakage is exceeded in standard test period, period may be extended to 5 days and the average daily leakage rate over 5 days may be used.
	3. Provide repair plan to Engineer for approval prior to repair of tank.
	4. Cracks suspected to cause leakage to be filled and sealed to prevent leakage.
	a. Patching to be performed after defective concrete area is cleaned of all loose material to surface of sound concrete.

	5. Prior to patching activities, Contractor to submit patching materials and procedures for review and approval by Engineer.

	I. Dispose of water used for testing.
	1. Dispose of water used for testing to an area which will not damage new or existing construction and will not interfere with construction operations or plant operations.
	2. Provide hoses, temporary connections, temporary fittings and other conduits as necessary to dispose of test water without damage to structure or terrain.
	3. Point of disposal to be approved by Engineer.



	SPECIAL INSPECTIONS AND TESTING PROGRAM
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Contractor responsibilities for special inspection and testing.
	2. Special Inspection program and reporting requirements.
	3. Attachment A to this Specification Section includes the Submittal of Special Inspections.
	4. Attachment B to this Specification Section includes Special Inspector qualifications, reporting requirements, and material specific inspections and tests.
	a. This information is for the Contractor’s reference only and is not part of the Contract Documents.
	b. It is included to assist the Contractor in understanding the Owner-provided Services so that those services may be factored into the Contractor’s pricing and schedule.
	c. The Service Provider(s) responsible for the Owner-provided Services will be selected after Contract award.


	B. Purpose:
	1. This Document was developed to address the requirements of the 2012 International Building Code IBC, section 1704.1, including:
	a. One or more special inspectors will be hired by the Owner or the Engineer to provide inspections during constructions on the types of work listed under Section 1704.

	2. A Statement of Special Inspections will be submitted to the Building Code Official as a condition for permit issuance.  This statement is included as Attachment A to this Specification.  Attachment B includes a complete list of materials and work r...

	C. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.


	1.2 DEFINITIONS
	A. Special Inspector:  Representative of the Engineer approved inspection agency designated for that portion of the work.
	B. Testing Agency:  Approved agency, not affiliated or hired by the Contractor, which is responsible for the materials testing requirements of the project including, but not limited to, concrete cylinder breaks, soils testing, and masonry materials te...
	C. Statement of Special Inspections:  Document provided to the Building Code Official outlining  special inspections and tests to be done on the project and frequency of required test.
	D. Soils Engineer or Geotechnical Engineer:  For the purposes of Special Inspection "Soils Engineer," "Geotechnical Engineering," and "Special Inspector" shall be interchangeable as pertains to the Division 31 specifications.
	E. NICET:  National Institute for Certification in Engineering Technologies.

	1.3 CONTRACTOR’S RESPONSIBILITIES
	A. Cooperate with testing agency personnel, special inspector, and agents of the Building Code Official and provide access to the work.
	1. Providing access to the work shall include all labor and facilities to perform inspections and tests as listed in the specifications for the duration of the inspections or tests involved.
	2. Provide means to obtain and handle samples taken on site.

	B. Attend a pre-construction meeting to coordinate and clarify inspection and testing procedures, requirements.
	C. Notify special inspector and/or testing agency of work to be inspected/tested minimum of 24 HRS prior.
	D. Work for which special inspections are required shall remain accessible and exposed for the purposes of special inspections until completion of required special inspections.
	E. Any portion of work that is not in conformance shall be corrected and re-inspected.  Such portions of the work shall not be covered or concealed until authorized by Resident Project Representative.
	F. Work to be inspected should be complete at time of inspector's arrival on-site.
	G. Payment for Special Inspection services will be in accordance with the following:
	1. Payment described below is for the Testing Agency and Special Inspector.
	2. After Contractor notification, inspector arrives at site and performs inspection within the timeframe defined in Item 4 below.
	a. Inspection reveals work is satisfactory.
	b. Owner pays all costs associated with this inspection.

	3. After Contractor notification, inspector arrives at site and performs inspection within the timeframe defined in Item 4 below.
	a. Inspection reveals work is deficient.
	b. Contractor corrects deficiencies within timeframe defined in Item 4) below.
	c. Work is re-inspected and work is satisfactory.
	d. Owner pays all costs associated with this inspection.

	4. After Contractor notification, inspector arrives at site and work is not ready for inspection when inspector arrives.
	a. Inspector will remain on-site for a maximum of 2 HRS awaiting the completion of the work.
	b. If work is not ready for inspection at the end of this period, inspector will be dismissed until Contractor requests re-inspection.
	c. All costs associated with this inspection trip will be charged to the Contractor.

	5. After Contractor notification, inspector arrives at site and performs inspection within the timeframe defined above.
	a. Inspection reveals work is deficient.
	b. Contractor attempts to correct deficiencies within 2 HR timeframe and calls for re-inspection.
	c. Work is re-inspected and found to still be deficient.
	d. Inspector will be dismissed.
	e. All costs associated with this inspection trip will be charged to the Contractor.

	6. Owner will pay for "passing" soils tests on the Project.  Costs of corrective actions and costs of failed tests requiring retesting are the sole responsibility of the Contractor.  For additional specific payment requirements for soils, see the resp...

	H. Special Inspection is intended to be an independent quality assurance.  Special Inspections shall not relieve the Contractor of any quality assurance, quality control, workmanship, or warranty responsibilities.  Contractor’s own personnel shall rev...

	1.4 REPORTING DUTIES AND AUTHORITY
	A. A pre-construction meeting to coordinate and clarify inspection, testing, and procedural requirements will be held per Section 01 30 00.
	1. The meeting is to be attended by:
	a. Owner.
	b. Engineer.
	c. Resident Project Representative.
	d. Building Code Official or designee.
	e. Testing Agency and Special Inspectors.
	f. General Contractor.
	g. Appropriate Sub-contractor(s).


	B. Special Inspector shall report all deficient work to the Contractor as soon as possible.
	1. Deficient work that has been covered up or concealed prior to re-inspection shall be reported to the Engineer and the Building Code Official.

	C. Special Inspector does not have authority to stop work or modify the requirements of the Contract Documents.


	Part 2 - PRODUCTS - (NOT APPLICABLE TO THIS SPECIFICATION SECTION)
	Part 3 - EXECUTION - (NOT APPLICABLE TO THIS SPECIFICATION SECTION)
	SUBMITTAL OF SPECIAL INSPECTIONS
	SPECIAL INSPECTIONS, INSPECTOR QUALIFICATIONS AND REPORTING REQUIREMENTS

	Attachment A - SUBMITTAL OF SPECIAL INSPECTIONS
	Attachment B - SPECIAL INSPECTIONS, INSPECTOR QUALIFICATIONS AND REPORTING 
	OPENINGS AND PENETRATIONS IN CONSTRUCTION
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Methods of installing and sealing openings and penetrations in construction.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 05 50 00 - Metal Fabrications.
	4. Section 06 82 00 - Fiberglass Reinforced Plastic Fabrications.
	5. Section 07 62 00 - Flashing and Sheet Metal.
	6. Section 07 84 00 - Firestopping.
	7. Section 07 92 00 - Joint Sealants.
	8. Section 09 91 00 - Painting and Protective Coatings.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless.
	c. A269, Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing for General Service.
	d. A312, Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes.
	e. A351, Standard Speciﬁcation for Castings, Austenitic, for Pressure-Containing Parts.
	f. A554, Standard Specification for Welded Stainless Steel Mechanical Tubing.
	g. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.
	h. A666, Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar.
	i. A995, Castings, Austenitic-Ferritic (Duplex) Stainless Steel, for Pressure-Containing Parts.

	2. National Fire Protection Association (NFPA):
	a. 70, National Electrical Code (NEC):
	1) Article 501, Class 1 Locations.

	b. 90A, Standard for Installation of Air Conditioning and Ventilating Systems.
	c. Sheet Metal and Air Conditioning Contractors' National Association (SMACNA).



	1.3 DEFINITIONS
	A. Corrosive Areas:  For the purpose of this specification section, the following areas are defined as corrosive:
	1. Chemical Facility including Bulk Storage
	2. Outgoing and Incoming Chemical Injection Stations.

	B. Hazardous Areas:  Areas shown in the Contract Documents as having Class I or Class II area classifications.
	C. Washdown Areas:  Areas having floor drains or hose bibbs.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements of the submittal process.
	2. For each structure provide dimensioned or scaled (minimum 1/8 IN = 1 FT) plan view drawings containing the following information:
	a. Vertical and horizontal location of all required openings and penetrations.
	b. Size of all openings and penetrations.
	c. Opening type.
	d. Seal type.

	3. Manufacturer's installation instructions for standard manufactured products.


	1.5 PROJECT CONDITIONS
	A. For purposes of this Project, the normal water table level is elevation 105 FT.  The water table may be expected to fluctuate seasonally and the Contractor's accommodation for groundwater shall respond to seasonal effects.


	Part 2 - PRODUCTS
	2.1 MATERIALS
	A. Pipe Sleeves:
	1. Areas listed as Corrosive Areas in PART 1:
	a. Stainless steel, Type 316L.
	b. Penetrations 24 IN DIA or less:  ASTM A269, ASTM A312 or ASTM A554, Schedule 40.
	c. Penetrations larger than 24 IN DIA:  Stainless steel, ASTM A666, Minimum 1/4 IN thickness.

	2. All other Areas:
	a. Steel, Hot-dipped galvanized after fabrication.
	b. Penetrations 24 IN DIA or less:  ASTM A53, Schedule 40.
	c. Penetrations larger than 24 IN DIA:  ASTM A36, Minimum 1/4 IN thickness.


	B. Backing Rod and Sealant:  See Specification Section 07 92 00.
	C. Modular Mechanical Seals:
	1. Acceptable manufacturers:
	a. Link-Seal.

	2. 316 stainless steel bolts, nuts and washers.

	D. Firestopping Material:  See Specification Section 07 84 00.
	E. Sheet Metal Sleeves:
	1. Areas listed as Corrosive Areas in PART 1:  Stainless steel:  ASTM A240, Type 316L.
	2. All other areas:  Galvanized steel:  ASTM A653, G90.
	3. Minimum 12 GA.

	F. Commercial Wall Castings:
	1. Ductile iron, ASTM A536.
	2. Grade equal to connecting piping system.



	Part 3 - EXECUTION
	3.1 Fabrication
	A. Fabricate pipe sleeves in accordance with Specification Section 05 50 00.
	B. Fabricate sheet metal sleeves in accordance with Specification Section 07 62 00.
	C. Provide waterstop plate/anchor flange for piping, ducts, castings and sleeves cast-in-place in concrete.
	1. For fabricated units, weld plate to sleeve, pipe, or ductwork.
	2. For commercial castings, cast water stop/anchor with wall pipe.
	3. Plate is to be same thickness as sleeve, pipe, casting or ductwork.
	4. For fabricated units, diameter of plate or flange to be 4 IN larger than outside diameter of sleeve, pipe or ductwork.
	5. For commercial castings, waterstop/anchor size to be manufacturer standard.
	6. Provide continuous around entire circumference of sleeve, pipe, or ductwork.

	D. Factory or shop-coat painted components in accordance with Specification Section 09 91 00.

	3.2 INSTALLATION AND APPLICATION
	A. Firestopping materials used in fire-resistance rated construction shall be in full compliance with Specification Section 07 84 00.
	B. Seal openings and penetrations in non-fire-resistance-rated construction in accordance with Specification Section 07 92 00.
	C. Obtain prior approval from Engineer when any opening larger than 100 SQIN must be made in existing or newly completed construction.
	D. Perform HVAC penetrations in accordance with NFPA 90A.
	E. Perform electrical penetrations in accordance with NFPA 70, Article 501.
	F. When mechanical or electrical work cannot be installed as structure is being erected, provide and arrange for building-in of boxes, sleeves, insets, fixtures or devices necessary to permit installation later.
	1. Lay out chases, holes or other openings which must be provided in masonry, concrete or other work.

	G. Where pipes, conduits or ducts pass through floors in washdown areas, install sleeves with top 3 IN above finish floors.
	1. In non-washdown areas, install sleeves with ends flush with finished surfaces.

	H. Size sleeves, blockouts and cutouts which will receive sealant seal such that free area to receive sealant is minimized and seal integrity may be obtained.
	I. For insulated piping and ducts, size sleeves, blockouts and cutouts large enough to accommodate full thickness of insulation.
	J. Where pipes, conduits or ducts pass through grating, provide banding at the entire perimeter of the opening.
	1. Metal grating:  See Specification Section 05 50 00.
	2. FRP grating:  See Specification Section 06 82 00.

	K. Where pipes, conduits or ducts are removed where passing through grating:
	1. Metal grating:
	a. Provide banding at perimeter and cover opening with 1/4 IN plate of the same material of the grating.
	b. See Specification Section 05 50 00.

	2. FRP grating:
	a. Provide full depth cover meeting same loading requirement as existing material or replace grating section.
	b. See Specification Section 06 82 00.


	L. Do not cut into or core drill any beams, joists, or columns.
	M. Do not install sleeves in beams, joists, or columns.
	N. Do not install recesses in beams, joists, columns, or slabs.
	O. Field Cutting and Coring:
	1. Saw or core drill with non-impact type equipment.
	2. Mark opening and drill small 3/4 IN or less holes through structure following opening outline.
	3. Sawcut opening outline on both surfaces.
	a. Knock out within sawcuts using impact type equipment.
	b. Do not chip or spall face of surface to remain intact.
	c. Do not allow any overcut with saw kerf.


	P. Precast-Prestressed Concrete Construction:
	1. Do not cut openings or core drill vertically or horizontally through stems of members.
	2. Do not locate or install sleeves or recess sleeves vertically or horizontally through or in stems of members.
	3. Cast openings and sleeves into flanges of units.
	4. Cast openings larger than 6 IN in diameter or 6 IN maximum dimension in units at time of manufacture.
	5. Cast openings smaller than 6 IN in diameter or 6 IN maximum dimensions in flanges of units at time of manufacture or field cut.

	Q. Where alterations are necessary or where new and old work join, restore adjacent surfaces to their condition existing prior to start of work.
	R. Where area is blocked out to receive sheet metal sleeve at later date:
	1. If blockout size is sufficient to allow placement, utilize dowels for interface of initially placed concrete and sleeve encasement concrete which is placed later.
	a. Size blockout based on sleeve size required plus 4 to 6 IN each side of sleeve for concrete encasement.
	b. Provide #4 dowels at 12 IN spacing along each side of blockout with minimum of two dowels required per side.

	2. If blockout size is not sufficient to allow placement of dowels, provide keyway along all sides of blockout.
	a. Size blockout based on sleeve size required plus 2 to 4 IN each side of sleeve for concrete encasement.


	S. For interior wall applications where backer rod and sealant are specified, provide backer rod and sealant at each side of wall.
	T. Refer to Drawings for location of fire-rated walls, floors, and ceilings.
	1. Utilize firestopping materials and procedures specified in Specification Section 07 84 00 IN conjunction with scheduled opening type to produce the required fire rating.

	U. Use full depth expanding foam sealant for seal applications where single or multiple pipes, conduits, etc., pass through a single sleeve.
	V. Do not make duct or conduit penetrations below high water levels when entering or leaving tankage, wet wells, or other water holding structures.
	W. Modular Mechanical Seals:
	1. Utilize one seal for concrete thickness less than 8 IN and two seals for concrete, 8 IN thick or greater.
	2. Utilize two seals for piping 16 IN diameter and larger if concrete thickness permits.
	3. Install seals such that bolt heads are located on the most accessible side of the penetration.

	X. Backer Rod and Sealant:
	1. Install in accordance with Specification Section 07 92 00.
	2. Provide backer rod and sealant for modular mechanical seal applications.
	a. Apply on top side of slab penetrations and on interior, dry side wall penetrations.



	3.3 SCHEDULES
	A. General Schedule of Penetrations through Floors, Roofs, Foundation Base Slabs, Foundation Walls, Foundation Footings, Partitions and Walls for Ductwork, Piping, and Conduit:
	1. Provide the following opening and penetration types:
	a. Type A - Block out 2 IN larger than outside dimensions of duct, pipe, or conduits.
	b. Type B - Saw cut or line-drill opening.  Place new concrete with integrally cast sheet metal or pipe sleeve.
	c. Type C - Fabricated sheet metal sleeve or pipe sleeve cast-in-place.  Provide pipe sleeve with water ring for wet and/or washdown areas.
	d. Type D - Commercial type casting or fabrication.
	e. Type E - Saw cut or line-drill opening.  Place new concrete with integrally cast pipe, duct or conduit spools.
	f. Type F - Integrally cast pipe, duct or conduit.
	g. Type G - Saw cut or line-drill and remove area 1 IN larger than outside dimensions of duct, pipe or conduit.
	h. Type H - Core drill.
	i. Type I - Block out area.  At later date, place new concrete with integrally cast sheet metal or pipe sleeve.
	j. Type J - Grating Banding for any field cut openings.

	2. Provide seals of material and method described as follows.
	a. Category 1 - Modular Mechanical Seal.
	b. Category 2 - Roof curb and flashing according to SMACNA specifications unless otherwise noted on Drawings.  Refer to Specification Section 07 62 00 and roofing Specification Sections for additional requirements.
	c. Category 3 - 12 GA sheet metal drip sleeve set in bed of silicon sealant with backing rod and sealant used in sleeve annulus.
	d. Category 4 - Backer rod and sealant.
	e. Category 5 - Full depth compressible sealant with escutcheons on both sides of opening.
	f. Category 6 - Full depth compressible sealant and flanges on both sides of opening.  Flanges constructed of same material as duct, fastened to duct and minimum 1/2 IN larger than opening.
	g. Category 7 - Full depth compressible sealant and finish sealant or full depth expanding foam sealant depending on application.
	h. Category 8 - Banding for all grating openings and banding and cover plate of similar materials for abandoned openings.

	3. Furnish openings and sealing materials through new floors, roofs, grating, partitions and walls in accordance with Schedule A, Openings and Penetrations for New Construction.



	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes
	B. Related Specifications Sections include but are not necessarily limited to:

	1.2 MEASUREMENT AND PAYMENT
	A. Unit Price. No separate payment will be made for this item.  Include the cost in associated items for this project.
	B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment for Work in this Section is included in total Stipulated Price.

	1.3 REGULATORY REQUIREMENTS
	A. Conform to applicable codes for disposal of debris.
	B. Coordinate removal work with utility companies.


	Part 2 - PRODUCTS (Not Used)
	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Obtain advance approval from Owner’s Representative for dimensions and limits of removal work.
	B. Identify known utilities below grade.  Stake and flag locations.

	3.2 PROTECTION
	A. Protect following from damage or displacement:

	3.3 REMOVALS
	A. Remove pavements and structures by methods that will not damage underground utilities.  Do not use drop hammer near existing underground utilities.
	B. Minimize amount of earth loaded during removal operations.
	C. Where existing pavement is to remain, make straight saw cuts in existing pavement to provide clean breaks prior to removal.  Do not break concrete pavement or base with drop hammer unless concrete or base has been saw cut to minimum depth of 2 inches.
	D. When street and driveway saw cut location is greater than one-half of pavement lane width, remove pavement for full lane width or to nearest longitudinal joint as directed by Owner’s Representative.
	E. Remove sidewalks and curbs to nearest existing dummy, expansion, or construction joint.

	3.4 BACKFILL
	A. Backfill of removal areas shall be in accordance with requirements of applicable specification section and as indicated on the drawings.

	3.5 DISPOSAL
	A. Remove from site, debris resulting from work under this section in accordance with requirements of applicable specification section.


	CONCRETE TESTING AND INSPECTION
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Contractor requirements for testing of concrete and grout.
	2. Definition of Owner provided testing.
	3. Acceptance criteria for concrete.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 21 00 - Reinforcement.
	4. Section 03 31 30 - Concrete, Materials and Proportioning.
	5. Section 03 31 31 - Concrete Mixing, Placing, Jointing and Curing.
	6. Section 03 41 33 - Precast and Prestressed Concrete.
	7. Section 03 45 00 – Architectural Precast Concrete.


	1.2 RESPONSIBILITY AND PAYMENT
	A. Owner will hire an independent Testing Agency/Service Provider to perform the following testing and inspection and provide test results to the Engineer and Contractor.
	1. Testing and inspection of concrete and grout produced for incorporation into the work during the construction of the Project for compliance with the Contract Documents.
	2. Additional testing or retesting of materials occasioned by their failure, by test or inspection, to meet requirements of the Contract Documents.
	3. Strength testing on concrete required by the Engineer or Special Inspector when the water-cement ratio exceeds the water-cement ratio of the typical test cylinders.
	4. In-place testing of concrete as may be required by Engineer when strength of structure is considered potentially deficient.
	5. Other testing services needed or required by Contractor such as field curing of test specimens and testing of additional specimens for determining when forms, form shoring or reshoring may re removed.
	6. Owner will pay for services defined in Paragraph 1.2A.1.
	7. See Specification Section 01 30 00.

	B. Hire a qualified testing agency to perform the following testing and provide test results to the Engineer.
	1. Testing of materials and mixes proposed by the Contractor for compliance with the Contract Documents and retesting in the event of changes.
	2. Additional testing and inspection required because of changes in materials or proportions requested by Contractor.
	3. Pay for services defined in Paragraphs 1.2B.1. and 1.2B.2.
	4. Reimburse Owner for testing services defined in Paragraphs 1.2A.2., 1.2A.3., 1.2A.4. and 1.2A.5.
	5. See Specification Section 01 30 00.

	C. Duties and Authorities of Testing Agency/Service Provider:
	1. Any Testing Agency/Service Provider or agencies and their representatives retained by Contractor or Owner for any reason are not authorized to revoke, alter, relax, enlarge, or release any requirement of Contract Documents, nor to reject, approve o...
	2. Testing Agency/Service Provider shall inform the Contractor and Engineer regarding acceptability of or deficiencies in the work including materials furnished and work performed by Contractor that fails to fulfill requirements of the Contract Docume...
	3. Testing Agency to submit test reports and inspection reports to Engineer and Contractor immediately after they are performed.
	a. All test reports to include exact location in the work at which batch represented by a test was deposited.
	b. Reports of strength tests to include detailed information on storage and curing of specimens prior to testing.

	4. Owner retains the responsibility for ultimate rejection or approval of any portion of the Work.


	1.3 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. 318, Building Code Requirements for Structural Concrete.

	2. ASTM International (ASTM):
	a. ASTM Cement and Concrete Reference Laboratory (CCRL).
	b. C31, Standard Practice for Making and Curing Concrete Test Specimens in the Field.
	c. C39, Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens.
	d. C42, Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.
	e. C94, Standard Specification for Ready-Mixed Concrete.
	f. C138, Standard Test Method for Density (Unit Weight), Yield, and Air Content (Gravimetric) of Concrete.
	g. C143, Standard Test Method for Slump of Hydraulic-Cement Concrete.
	h. C172, Standard Practice for Sampling Freshly Mixed Concrete.
	i. C173, Standard Test Method for Air Content of Freshly Mixed Concrete by the Volumetric Method.
	j. C231, Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method.
	k. C1019, Standard Test Method for Sampling and Testing Grout.
	l. C1218, Standard Test Method for Water-Soluble Chloride in Mortar and Concrete.
	m. E329, Standard Specification for Agencies Engaged in Construction Inspection, Testing, or Special Inspection.


	B. Qualifications:
	1. Contractor’s Testing Agency:
	a. Meeting requirements of ASTM E329 and ASTM C94.
	b. Provide evidence of recent inspection by CCRL of NBS, and correction of deficiencies noted.


	C. Use of Testing Agency and approval by Engineer of proposed concrete mix design shall in no way relieve Contractor of responsibility to furnish materials and construction in full compliance with Contract Documents.

	1.4 DEFINITIONS
	A. Testing Agency/Service Provider:  An independent professional testing/inspection firm or service hired by Contractor or by Owner to perform testing, inspection or analysis services as directed, and as provided in the Contract Documents.

	1.5 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Concrete materials and concrete mix designs proposed for use.
	1) Include results of all testing performed to qualify materials and to establish mix designs.
	2) Place no concrete until approval of mix designs has been received in writing.
	3) Submittal for each concrete mix design to include:
	a) Sieve analysis and source of fine and coarse aggregates.
	b) Test for aggregate organic impurities.
	c) Proportioning of all materials.
	d) Type of cement with mill certificate for the cement.
	e) Brand, quantity and class of fly ash proposed for use along with other submittal data as required for fly ash by Specification Section 03 31 30.
	f) Slump.
	g) Brand, type and quantity of air entrainment and any other proposed admixtures.
	h) Shrinkage test results.
	i) Total water soluble chloride ion concentration in hardened concrete from all ingredients determined per ASTM C1218.
	j) 28-day compression test results and any other data required by Specification Section 03 31 30 to establish concrete mix design.



	3. Certifications:
	a. Testing Agency qualifications.




	Part 2 - PRODUCTS - (NOT APPLICABLE TO THIS specification SECTION)
	Part 3 - EXECUTION
	3.1 TESTING SERVICES TO BE PERFORMED service provider/testing agency
	A. The following concrete testing will be performed by the Service Provider/Testing Agency:
	1. Concrete strength testing:
	a. Secure concrete samples in accordance with ASTM C172.
	1) Obtain each sample from a different batch of concrete on a random basis, avoiding selection of test batch other than by a number selected at random before commencement of concrete placement.

	b. For each strength test, mold and cure cylinders from each sample in accordance with ASTM C31.
	1) Record any deviations from requirements on test report.
	2) Cylinder size:  Per ASTM C31.
	a) 4 IN cylinders shall not be used for concrete mixes with maximum aggregate size larger than 1 IN.
	b) Use the same size cylinder for all tests for each concrete mix.

	3) Quantity:
	a) 6 IN DIA by 12 IN high:  Five (5) cylinders.
	b) 4 IN DIA by 8 IN high:  Six (6) cylinders.


	c. Field cure one (1) cylinder for the seven (7) day test.
	1) Laboratory cure the remaining.

	d. Test cylinders in accordance with ASTM C39.
	1) 6 IN DIA cylinders:
	a) Test two (2) cylinders at 28 days for strength test result and the one (1) field cured sample at seven (7) days for information.
	b) Hold remaining cylinders in reserve.

	2) 4 IN DIA cylinders:
	a) Test three (3) cylinders at 28 days for strength test result and the one (1) field cured cylinder at seven (7) days for information.
	b) Hold remaining cylinders in reserve.


	e. Strength test result:
	1) Average of strengths of two (2) 6 IN DIA cylinders or three (3) 4 IN DIA cylinders from the same sample tested at 28 days.
	2) If one (1) cylinder in a test manifests evidence of improper sampling, molding, handling, curing, or testing, discard and test reserve cylinder(s); average strength of remaining cylinders shall be considered strength test result.
	3) Should all cylinders in any test show any of above defects, discard entire test.

	f. Frequency of tests:
	1) Concrete sand cement grout:  One (1) strength test for each 4 HR period of grout placement or fraction thereof.
	a) Test grout in accordance with ASTM C1019.

	2) Concrete topping, concrete fill and lean concrete:  One (1) strength test for each 10 CY of each type of concrete or fraction thereof placed.
	3) Precast concrete:  Frequency per Specification Section 03 41 33.
	4) All other concrete:
	a) One (1) strength test to be taken not less than once a day, nor less than once for each 60 CY or fraction thereof placed in any one (1) day.
	b) Once for each 5000 SQ FT of slab or wall surface area placed each day
	c) If total volume of concrete on Project is such that frequency of testing required in above paragraph will provide less than five (5) strength tests for each concrete mix, tests shall then be made from at least five (5) randomly selected batches or ...



	2. Slump testing:
	a. Determine slump of concrete sample for each strength test.
	1) Determine slump in accordance with ASTM C143.

	b. If consistency of concrete appears to vary, the Engineer or Owner’s Representative shall be authorized to require a slump test for each concrete truck.
	1) This practice shall continue until three consecutive batches are determined to be consistent and meet the slump requirements specified.


	3. Air content testing:  Determine air content of concrete sample for each strength test in accordance with either ASTM C231, ASTM C173, or ASTM C138.
	4. Temperature testing:  Determine temperature of concrete sample for each strength test.
	5. In-place concrete testing (if required).


	3.2 special inspections
	A. See Section 01 45 33.
	1. Special Inspections listed are for the Contractor reference only and is not part of the Contract Documents.
	2. It is included to assist the Contractor in understanding the Owner-provided Services so that those services may be factored into the Contractor’s pricing and schedule.

	B. Formwork Special Inspections:
	1. Shape, location, and dimensions.
	a. Inspect in accordance with dimensions and details on Drawings.
	b. Frequency:  Inspect prior to each concrete pour.


	C. Reinforcing Special Inspections:
	1. Reinforcing size, spacing, lap length and concrete cover.
	a. Inspect in accordance with Drawings and Specification.
	b. Frequency:  Inspect prior to each concrete pour.

	2. Reinforcing adhesive anchoring system:
	a. Inspect in accordance with ICC-ES report.
	b. Frequency:
	1) Inspect all adhesive anchors for the first 4 HRS of installation.
	2) Inspect approximately 25 percent of adhesive anchors thereafter.
	3) Additional inspection will be required for different installer or if the quality of installation appears to vary.


	3. Mechanical splices:
	a. Inspect in accordance with ICC-ES report.
	b. Frequency:
	1) Inspect all mechanical splices prior to placing concrete
	2) Additional inspection will be required for different installer or if the quality of installation appears to vary.



	D. Mixing, Placing, Jointing, and Curing Special Inspections:
	1. Perform concrete tests per the requirements of this Specification Section.
	2. Verification of proper mix design.
	a. Frequency:  Periodically, prior to concrete pour.

	3. Proper concrete placement techniques.
	a. Inspect per requirements of Section 03 31 31.
	b. Frequency:  During each concrete pour.

	4. Proper curing temperature and techniques.
	a. Inspect per requirements of Section 03 31 31.
	b. Frequency:  Periodically, but not less than every third day.

	5. Joints:
	a. Inspect joints for proper joint type, dimensions, reinforcing, dowel alignment, surface preparation and location.
	b. Frequency:  Prior to each concrete pour.

	6. Waterstops:
	a. Visually inspect waterstops for proper location, continuity, installation to prevent displacement, cleanliness and damage to waterstop.
	b. Frequency:
	1) Prior to each concrete pour.



	E. Anchorage to Concrete Special Inspection:
	1. Post installed anchors as required by the Building Code, ICC-ES Evaluation Reports, and as specified by the Engineer.
	a. Frequency:  Per ICC-ES Report.

	2. Cast-in-place concrete anchors, including anchor size, embedment, material and location.
	a. Frequency:  Prior to each concrete pour.



	3.3 SAMPLING ASSISTANCE AND NOTIFICATION FOR OWNER
	A. To facilitate testing and inspection, perform the following:
	1. Furnish any necessary labor to assist Testing Agency in obtaining and handling samples at site.
	2. Provide and maintain for sole use of Testing Agency adequate facilities for safe storage and proper curing of test specimens on site for first 24 HRS as required by ASTM C31.
	3. Take samples at point of placement into concrete member.

	B. Notify Owner's Testing Agency sufficiently in advance of operations (minimum of 24 HRS) to allow for assignment of personnel and for scheduled completion of quality tests.

	3.4 ACCEPTANCE
	A. Completed concrete work which meets applicable requirements will be accepted without qualification.
	B. Completed concrete work which fails to meet one or more requirements but which has been repaired to bring it into compliance will be accepted without qualification.
	C. Completed concrete work which fails to meet one or more requirements and which cannot be brought into compliance may be accepted or rejected as provided in these Contract Documents.
	1. In this event, modifications may be required to assure that concrete work complies with requirements.
	2. Modifications, as directed by Engineer, to be made at no additional cost to Owner.

	D. Dimensional Tolerances:
	1. Formed surfaces resulting in concrete outlines smaller than permitted by tolerances shall be considered potentially deficient in strength and subject to modifications required by Engineer.
	2. Formed surfaces resulting in concrete outlines larger than permitted by tolerances may be rejected and excess material subject to removal.
	a. If removal of excess material is permitted, accomplish in such a manner as to maintain strength of section and to meet all other applicable requirements of function and appearance.

	3. Concrete members cast in wrong location may be rejected if strength, appearance or function of structure is adversely affected or misplaced items interfere with other construction.
	4. Inaccurately formed concrete surfaces exceeding limits of tolerances and which are exposed to view, may be rejected.
	a. Repair or remove and replace if required.

	5. Finished slabs exceeding tolerances may be required to be repaired provided that strength or appearance is not adversely affected.
	a. High spots may be removed with a grinder, low spots filled with a patching compound, or other remedial measures performed as permitted or required.


	E. Appearance:
	1. Concrete surfaces exposed to view with defects which, in opinion of Engineer, adversely affect appearance as required by specified finish shall be repaired by approved methods.
	2. Concrete not exposed to view is not subject to rejection for defective appearance unless, in the opinion of the Engineer, the defects impair the long-term strength or function of the member.

	F. High Water-Cement Ratio:
	1. Concrete with water in excess of the specified maximum water-cement ratio will be rejected.
	2. Remove and replace concrete with high water-cement ratio or make other corrections as directed by Engineer.

	G. Strength of Structure:
	1. Strength of structure in place will be considered potentially deficient if it fails to comply with any requirements which control strength of structure, including but not necessarily limited to following:
	a. Low concrete strength:
	1) Test results for standard molded and cured test cylinders to be evaluated separately for each mix design.
	a) Such evaluation shall be valid only if tests have been conducted in accordance with specified quality standards.
	b) For evaluation of potential strength and uniformity, each mix design shall be represented by at least three (3) strength tests.
	c) A strength test shall be the average of two (2) 6 IN diameter cylinders or three (3) 4 IN diameter cylinders from the same sample tested at 28 days.

	2) Acceptance:
	a) Strength level of each specified compressive strength shall be considered satisfactory if both of the following requirements are met:
	(1) Average of all sets of three (3) consecutive strength tests equal or exceed the required specified 28 day compressive strength.
	(2) No individual strength test falls below the required specified 28 day compressive strength by more than 500 PSI.



	b. Reinforcing steel size, configuration, quantity, strength, position, or arrangement at variance with requirements in Specification Section 03 21 00 or requirements of the Contract Drawings or approved Shop Drawings.
	c. Concrete which differs from required dimensions or location in such a manner as to reduce strength.
	d. Curing time and procedure not meeting requirements of this Specification Section.
	e. Inadequate protection of concrete from extremes of temperature during early stages of hardening and strength development.
	f. Mechanical injury, construction fires, accidents or premature removal of formwork likely to result in deficient strength.
	g. Concrete defects such as voids, honeycomb, cold joints, spalling, cracking, etc., likely to result in deficient strength or durability.

	2. Structural analysis and/or additional testing may be required when strength of structure is considered potentially deficient.
	3. In-place testing of concrete may be required when strength of concrete in place is considered potentially deficient.
	a. Testing by impact hammer, sonoscope, or other nondestructive device may be permitted by Engineer to determine relative strengths at various locations in the structure or for selecting areas to be cored.
	1) Such tests shall not be used as a basis for acceptance or rejection.

	b. Core tests:
	1) Where required, test cores will be obtained in accordance with ASTM C42.
	a) If concrete in structure will be dry under service conditions, air dry cores (temperature 60 to 80 DEGF, relative humidity less than 60 PCT) for seven (7) days before test then test dry.
	b) If concrete in structure will be wet or subjected to high moisture atmosphere under service conditions, test cores after immersion in water for at least 40 HRS and test wet.
	c) Testing wet or dry to be determined by Engineer.

	2) Three (3) representative cores may be taken from each member or area of concrete in place that is considered potentially deficient.
	a) Location of cores shall be determined by Engineer so as least to impair strength of structure.
	b) If, before testing, one (1) or more of cores shows evidence of having been damaged subsequent to or during removal from structure, damaged core shall be replaced.

	3) Concrete in area represented by a core test will be considered adequate if average strength of three (3) cores is equal to at least 85 PCT of specified strength and no single core is less than 75 PCT of specified strength.
	4) Fill core holes with non-shrink grout and finish to match surrounding surface when exposed in a finished area.


	4. If core tests are inconclusive or impractical to obtain or if structural analysis does not confirm safety of structure, load tests may be required and their results evaluated in accordance with ACI 318, Chapter 20.
	5. Correct or replace concrete work judged inadequate by structural analysis or by results of core tests or load tests with additional construction, as directed by Engineer, at Contractor's expense.
	6. Contractor to pay all costs incurred in providing additional testing and/or structural analysis required.



	FORMWORK
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Formwork requirements for concrete construction.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 05 05 - Concrete Testing and Inspection.
	4. Section 03 31 31 - Concrete Mixing, Placing, Jointing, and Curing.
	5. Section 03 35 00 - Concrete Finishing and Repair of Surface Defects.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. CT-13, Concrete Terminology.
	b. 117, Specification for Tolerances for Concrete Construction and Materials.
	c. 347R, Guide to Formwork for Concrete.

	2. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.



	B. Qualifications:
	1. Formwork, shoring and reshoring to be designed by a licensed professional engineer currently registered or having a minimum of three (3) years experience in this type of design work.
	a. Above qualifications apply to slabs and beams not cast on the ground.


	C. Miscellaneous:
	1. Design and engineering of formwork, shoring and reshoring as well as its construction is the responsibility of the Contractor.
	2. Design requirements:
	a. Design formwork for loads, lateral pressures and allowable stresses outlined in ACI 347R and for design considerations, wind loads, allowable stresses and other applicable requirements of the controlling local Building Code.
	1) Where conflicts occur between the above two (2) standards, the more stringent requirements shall govern.

	b. Design formwork to limit maximum deflection of form facing materials reflected in concrete surfaces exposed to view to 1/240 of span between structural members.

	3. For slabs and beams not cast on the ground, develop a procedure and schedule for removal of shores and for calculating the loads transferred to the structure during this process in accordance with ACI 347R.
	a. Perform structural calculations as required to prove that all portions of the structure in combination with remaining forming and shoring system has sufficient strength to safely support its own weight plus the loads placed thereon.  Calculations s...
	b. When developing procedure, schedule and structural calculations, consider the following at each stage of construction:
	1) The structural system that exists.
	2) Effects of all loads during construction.
	3) Strength of concrete.
	4) The influence of deformations of the structure and shoring system on the distribution of dead loads and construction loads.
	5) The strength and spacing of shores or shoring systems used, as well as the method of shoring, bracing, shore removal, and reshoring including the minimum time intervals between the various operations.
	6) Any other loading or condition that affects the safety or serviceability of the structure during construction.




	1.3 DEFINITIONS
	A. Words and terms used in these Specifications are defined in ACI CT-13.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for the requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Manufacturer and type of proposed form ties.




	Part 2 - PRODUCTS
	2.1 MATERIALS
	A. Forms for Surfaces Exposed to View:
	1. Wood forms:
	a. 5/8 or 3/4 IN 5-ply structural plywood of concrete form grade.
	b. Built-in-place or prefabricated type panel.

	2. Metal forms:
	a. Metal forms may be used except for aluminum in contact with concrete.
	b. Forms to be tight to prevent leakage, free of rust and straight without dents to provide members of uniform thickness.


	B. Forms for Surfaces Not Exposed to View:
	1. Wood or metal sufficiently tight to prevent leakage.
	2. Do not use aluminum forms.


	2.2 ACCESSORIES
	A. Form Ties:
	1. Commercially fabricated for use in form construction.
	a. Field fabricated ties are unacceptable.

	2. Constructed so that ends or end fasteners can be removed without causing spalling at surfaces of the concrete.
	3. Embedded portion of ties to be not less than 1-1/2 IN from face of concrete after ends have been removed.
	4. Cone size:
	a. 3/4 IN minimum diameter cones on both ends.
	b. Depth of cone not to exceed the concrete reinforcing cover.

	5. Provide ties with built-in waterstops in all walls that will be in contact with process liquid during plant operation.
	6. Through-wall ties that are designed to be entirely removed are not allowed in all walls that will be in contact with process liquid during plant operation.



	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Form Surface Treatment:
	1. Before placing of reinforcing steel or concrete, cover surfaces of forms with an approved release material that will effectively prevent absorption of moisture and prevent bond with concrete, will not stain concrete or prevent bonding of future fin...
	a. A field applied form release agent or sealer of approved type or a factory applied nonabsorptive liner may be used.

	2. Do not allow excess form release material to stand in puddles in forms nor in contact with hardened concrete against which fresh concrete is to be placed.

	B. Provide temporary openings at base of column and wall forms and at other points where necessary to facilitate cleaning and observation immediately before concrete is placed, and to limit height of free fall of concrete to prevent aggregate segregat...
	1. Temporary openings to limit height of free fall of concrete shall be spaced no more than 8 FT apart.

	C. Clean surfaces of forms, reinforcing steel and other embedded materials of any accumulated mortar or grout from previous concreting and of all other foreign material before concrete is placed.

	3.2 ERECTION
	A. Install products in accordance with manufacturer's instructions.
	B. Tolerances:
	1. Conform to ACI 117.
	2. Variation from plumb:
	a. In lines and surfaces of columns, piers, walls, and in risers.
	1) Maximum in any 10 FT of height:  1/4 IN.
	2) Maximum for entire height:  1/2 IN.

	b. For exposed corner columns, control-joint grooves, and other exposed to view lines:
	1) Maximum in any 20 FT length:  1/4 IN.
	2) Maximum for entire length:  1/2 IN.


	3. Variation from level or from grades specified:
	a. In slab soffits, ceilings, beam soffits and in arises, measured before removal of supporting shores.
	1) Maximum in any 10 FT of length:  1/4 IN.
	2) Maximum in any bay or in any 20 FT length:  3/8 IN.
	3) Maximum for entire length:  3/4 IN.

	b. In exposed lintels, sills, parapets, horizontal grooves, and other exposed to view lines:
	1) Maximum in any bay or in 20 FT length:  1/4 IN.
	2) Maximum for entire length:  1/2 IN.


	4. Variation of linear structure lines from established position in plan and related position of columns, walls, and partitions:
	a. Maximum in any bay:  1/2 IN.
	b. Maximum in any 20 FT of length:  1/2 IN.
	c. Maximum for entire length:  1 IN.

	5. Variation in sizes and location of sleeves, floor openings, and wall openings:  Maximum of +1/2 IN.
	6. Variation in horizontal plan location of beam, column and wall centerlines from required location:  Maximum of +1/2 IN.
	7. Variation in cross sectional dimensions of columns and beams and in thickness of slabs and walls:  Maximum of -1/4 IN, +1/2 IN.
	8. Footings and foundations:
	a. Variations in concrete dimensions in plan:  -1/2 IN, +2 IN.
	b. Misplacement or eccentricity:
	1) 2 PCT of footing width in direction of misplacement but not more than 2 IN.

	c. Thickness:
	1) Decrease in specified thickness:  5 PCT.
	2) Increase in specified thickness:  No limit except that which may interfere with other construction.


	9. Variation in steps:
	a. In a flight of stairs:
	1) Rise:  +1/8 IN.
	2) Tread:  +1/4 IN.

	b. In consecutive steps:
	1) Rise:  +1/16 IN.
	2) Tread:  +1/8 IN.


	10. Establish and maintain in an undisturbed condition and until final completion and acceptance of Project, sufficient control points and bench marks to be used for reference purposes to check tolerances.
	11. Regardless of tolerances listed allow no portion of structure to extend beyond legal boundary of Project.
	12. To maintain specified tolerances, camber formwork to compensate for anticipated deflections in formwork prior to hardening of concrete.

	C. Make forms sufficiently tight to prevent loss of mortar from concrete.
	D. Place 3/4 IN chamfer strips in exposed to view corners of forms to produce 3/4 IN wide beveled edges.
	E. At construction joints, overlap contact surface of form sheathing for flush surfaces exposed to view over hardened concrete in previous placement by at least 1 IN.
	1. Hold forms against hardened concrete to prevent offsets or loss of mortar at construction joint and to maintain a true surface.
	2. Where possible, locate juncture of built-in-place wood or metal forms at architectural lines, control joints or at construction joints.

	F. Where circular walls are to be formed and forms made up of straight sections are proposed for use, provide straight lengths not exceeding 2 FT wide.
	1. Brace and tie formwork to maintain correct position and shape of members.

	G. Construct wood forms for wall openings to facilitate loosening, if necessary, to counteract swelling.
	H. Anchor formwork to shores or other supporting surfaces or members so that movement of any part of formwork system is prevented during concrete placement.
	I. Provide runways for moving equipment with struts or legs, supported directly on formwork or structural member without resting on reinforcing steel.
	J. Provide positive means of adjustment (wedges or jacks) of shores and struts and take up all settlement during concrete placing operation.
	1. Securely brace forms against lateral deflection.
	2. Fasten wedges used for final adjustment of forms prior to concrete placement in position after final check.


	3.3 REMOVAL OF FORMS
	A. No construction loads shall be supported on, nor any shoring removed from, any part of the structure under construction except when that portion of the structure in combination with remaining forming and shoring system has sufficient strength to sa...
	B. When required for concrete curing in hot weather, required for repair of surface defects or when finishing is required at an early age, remove forms as soon as concrete has hardened sufficiently to resist damage from removal operations or lack of s...
	C. Remove top forms on sloping surfaces of concrete as soon as concrete has attained sufficient stiffness to prevent sagging.
	1. Perform any needed repairs or treatment required on such sloping surfaces at once, followed by curing specified in Specification Section 03 31 31.

	D. Loosen wood forms for wall openings as soon as this can be accomplished without damage to concrete.
	E. Formwork for columns, walls, sides of beams, and other parts not supporting weight of concrete may be removed as soon as concrete has hardened sufficiently to resist damage from removal.
	F. Where no reshoring is planned, leave forms and shoring used to support weight of concrete in place until concrete has attained its specified 28 day compressive strength.
	1. Where a reshoring procedure is planned, supporting formwork may be removed when concrete has reached the concrete strength required by the formwork designer's structural calculations.

	G. When shores and other vertical supports are so arranged that non-load-carrying form facing material may be removed without loosening or disturbing shores and supports, facing material may be removed when concrete has sufficiently hardened to resist...

	3.4 RESHORING
	A. No construction loads shall be supported on, nor any shoring removed from, any part of the structure under construction except when that portion of the structure in combination with remaining forming and shoring system has sufficient strength to sa...
	B. While reshoring is underway, no superimposed dead or live loads shall be permitted on the new construction.
	C. During reshoring do not subject concrete in structural members to combined dead and construction loads in excess of loads that structural members can adequately support.
	D. Place reshores as soon as practicable after stripping operations are complete but in no case later than end of working day on which stripping occurs.
	E. Tighten reshores to carry their required loads without overstressing.
	F. Shoring, reshoring and supporting formwork may be removed when concrete has reached the concrete strength required by the formwork designer's structural calculations.
	G. For floors supporting shores under newly placed concrete leave original supporting shores in place or reshore.
	1. Reshoring system shall have a capacity sufficient to resist anticipated loads.
	2. Locate reshores directly under a shore position above.


	3.5 field quality control
	A. Special Inspection:
	1. See Section 01 45 33.
	2. See Section 03 05 05.



	ANCHORAGE TO CONCRETE
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Requirements for all cast-in-place anchor bolts, anchor rods, reinforcing adhesive anchorage, and post-installed concrete anchors required for the Project but not specified elsewhere in the Contract Documents.
	2. Design of all concrete anchors not indicated on the Drawings including, but not limited to, installation of anchors into concrete for the following structural and nonstructural components:
	a. Structural members and accessories.
	b. Metal, wood, and plastic fabrications.
	c. Architectural components.
	d. Mechanical and electrical equipment and components.
	e. Plumbing, piping, and HVAC work.
	f. All other components requiring attachment to concrete.


	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 05 05 - Concrete Testing and Inspection.
	4. Section 09 91 10 – Architectural Painting.
	5. Section 26 05 36 - Cable Tray.
	6. Section 40 05 16 - Pipe Support System.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. 318, Building Code Requirements for Structural Concrete and Commentary.
	b. 350, Code Requirements for Environmental Engineering Concrete Structures and Commentary.

	2. American Concrete Institute/Concrete Reinforcing Steel Institute (ACI-CRSI):
	a. Adhesive Anchor Installation Certification Program:  Adhesive Anchor Installer.

	3. American Institute of Steel Construction (AISC):
	a. 303, Code of Standard Practice for Steel Buildings and Bridges.

	4. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A108, Standard Specification for Steel Bar, Carbon and Alloy, Cold-Finished.
	c. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
	d. A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
	e. A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength.
	f. A496, Standard Specification for Steel Wire, Deformed, for Concrete Reinforcement.
	g. A563, Standard Specification for Carbon and Alloy Steel Nuts.
	h. A780, Standard Practice for Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized Coatings.
	i. F436, Standard Specification for Hardened Steel Washers.
	j. F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws, and Studs.
	k. F594, Standard Specification for Stainless Steel Nuts.
	l. F1554, Standard Specification for Anchor Bolts, Steel, 36, 55, and 105-ksi Yield Strength.
	m. F2329, Standard Specification for Zinc Coating, Hot-Dip, Requirements for Application to Carbon and Alloy Steel Bolts, Screws, Washers, Nuts, and Special Threaded Fasteners

	5. ICC Evaluation Service (ICC-ES):
	a. AC193, Acceptance Criteria for Mechanical Anchors in Concrete Elements.
	b. AC308, Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete Elements.

	6. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.



	B. Qualifications:
	1. Anchor designer for Contractor-designed post-installed anchors and cast in place anchorage shall be a professional structural engineer licensed in the State that the Project is located in.
	2. Installer for post-installed anchors shall be trained by the manufacturer or certified by a training program approved by the Engineer.

	C. Post-installed anchors and related materials shall be listed by the following agencies:
	1. ICC-ES.
	2. Engineer approved equivalent.


	1.3 DEFINITIONS
	A. Adhesive Anchors:
	1. Post-installed anchors developing their strength primarily from chemical bond between the concrete and the anchor.
	2. Includes anchors using acrylics, epoxy and other similar adhesives.

	B. Anchor Bolt:  Any cast-in-place anchorage that is made of a headed (i.e. bolt) material.
	C. Anchor Rod:  Any cast-in-place or post-installed anchorage made from unheaded, threaded, rod or deformed bar material.
	D. Concrete Anchor:  Generic term for either an anchor bolt or an anchor rod.
	E. Galvanizing:  Hot-dip galvanizing per ASTM A123, ASTM A153 or ASTM F2329 with minimum coating of 2.0 OZ of zinc per square foot of metal (average of specimens) unless noted otherwise or dictated by standard.
	F. Hardware:  As defined in ASTM A153.
	G. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	H. MPII:  Manufacturer’s printed installation instructions.
	I. Mechanical Anchors:
	1. Post-installed anchors developing their strength from attachment other than thru adhesives or chemical bond to concrete.
	2. Includes expansion anchors, expansion sleeve, screw anchors, undercut anchors, specialty inserts and other similar types of anchorages.
	3. Drop-in anchors and other similar anchors are not allowed.

	J. Post-Installed Anchor:  Any adhesive or mechanical anchor installed into previously placed and adequately cured concrete.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that submitted products meet requirements of referenced standards.
	b. Manufacturer material data sheet for each anchor.
	1) Clearly indicate which products on the data sheet are proposed for use on the Project.

	c. Manufacturer's printed installation instructions.
	d. Current ICC-ES report for each post-installed anchor system indicating the following:
	1) Certification that anchors meet all requirements indicated in this Specification.
	2) Performance data showing that anchor is approved for use in cracked concrete.
	3) Seismic design categories for which anchor system has been approved.
	4) Required installation procedures.
	5) Special inspection requirements for installation.

	e. Anchorage layout drawings and details:
	1) Indicate anchor diameter, embedment, length, anchor type, material and finish.
	2) Drawings showing location, configuration, spacing and edge distance.

	f. Contractor Designed Post-Installed Anchors:
	1) Show diameter and embedment depth of each anchor.
	2) Indicate compliance with ACI 318, Appendix D, ACI 350 Appendix D.
	3) Design tension and shear loads used for anchor design.
	4) Engineering design calculations:
	a) Indicate design load to each anchor.
	b) When the design load is not indicated on Drawings, include calculations to develop anchor forces based on Design Criteria listed herein.
	c) Sealed and signed by contractor’s professional engineer.
	d) Calculations will be submitted for information purposes only.

	5) Type of post-installed anchor system used.
	a) Provide manufacturer's ICC-ES report for the following:
	(1) Mechanical anchorage per ICC-ES AC193.
	(2) Adhesive anchorage per ICC-ES AC308.





	B. Samples:
	1. Representative samples of concrete anchors may be requested by Engineer.  Review will be for type and finish only.  Compliance with all other requirements is exclusively the responsibility of the Contractor.

	C. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Certification of qualifications for each installer of post-installed anchors.
	a. Indicate successful completion or certification for each type of approved post-installed anchor as required by the Contract Documents.



	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Deliver products to job site in manufacturer’s or distributor’s packaging undamaged and complete with installation instructions.
	B. Store above ground on skids or other supports to keep items free of dirt and other foreign debris and to protect against corrosion.
	C. Protect and handle materials in accordance with manufacturer’s recommendations to prevent damage or deterioration.


	Part 2 - PRODUCTS
	2.1 MATERIALS
	A. Cast-in-place Concrete Anchors:
	1. Building, nonbuilding structures, and equipment:
	a. ASTM F1554, Grade 36 or Grade 55 with weldability supplement S1 for galvanized threaded rods.
	b. ASTM A307, Grade A for galvanized headed bolts.

	2. All other cast-in-place concrete anchors:
	a. Stainless steel with matching nut and washer.
	b. Submerged application:  ASTM F593, Type 316.
	c. Non-submerged application:  ASTM F593, Type 304 or Type 316.


	B. Post-Installed Mechanical and Adhesive Concrete Anchors:
	1. Stainless steel with matching nut and washer.
	2. Submerged application:  ASTM F593, Type 316.
	3. Non-submerged application:  ASTM F593, Type 304 or Type 316.

	C. Reinforcement:  See Section 03 21 00.
	D. Headed Studs:  ASTM A108 with a minimum yield strength of 50,000 PSI and a minimum tensile strength of 60,000 PSI.
	E. Deformed Bar Anchors:  ASTM A496 with minimum yield strength of 70,000 PSI and a minimum tensile strength of 80,000 PSI.
	F. Washers:
	1. ASTM F436 unless noted otherwise.
	2. If stainless steel anchorage is being used for cast-in-place anchorage, furnish washers of the same material and alloy as in the accompanying anchorage.
	3. Plate washers:  Minimum 1/2IN thick fabricated ASTM A36 square plates as required.
	4. Follow manufacturer’s requirements for all post-installed anchorage.

	G. Nuts:
	1. ASTM A563 for all cast-in-place anchorage.
	2. If stainless steel anchorage is being used for cast-in-place anchorage, nuts shall meet ASTM F594 and be the matching material and alloy as in the accompanying anchorage.
	3. Follow manufacturer’s requirements if using post-installed anchorage.

	H. Galvanizing Repair Paint:
	1. High zinc dust content paint for regalvanizing welds and abrasions.
	2. ASTM A780.
	3. Zinc content:  Minimum 92 PCT in dry film.
	4. ZRC "ZRC Cold Galvanizing" or Clearco "High Performance Zinc Spray."

	I. Dissimilar Materials Protection:  See Specification Section 09 91 10.

	2.2 CONTRACTOR DESIGNED ANCHORAGE
	A. Acceptable Manufacturers:
	1. Post-installed anchor systems for the listed manufacturers will be considered only if a current ICC-ES evaluation report is submitted in accordance with the SUBMITTALS Article in PART 1 of this Specification Section and if the anchor system is appr...
	a. Hilti.
	b. Dewalt.
	c. Simpson Strong-Tie.

	2. Submit request for substitution in accordance with Specification Section 01 25 13.

	B. Design the anchorage when any of the following occur:
	1. Design load for concrete anchorage is shown on the Drawings.
	2. When specifically required by the Contract Documents.
	3. When an anchorage is required but not specified in the Drawings.
	4. When anchorage is shown on Drawings other than Structural Drawings.

	C. Anchorage Design Loads:
	1. Determine all of the design loads, including wind and seismic loads, per the Building Code.
	a. Anchorage of equipment and non-structural components:  Use the actual dead and operating loads provided by the manufacturer.


	D. When Contract Drawings, other than the Structural Drawings, indicate an anchor diameter or length, the Contractor design shall incorporate these as “minimums.”
	E. Cast-in-Place Concrete Anchors:
	1. Provide the material, nominal diameter, embedment length, spacing, edge distance and design capacity to resist the calculated load based on the requirements given in the Building Code including ACI 318, Appendix D, ACI 350, Appendix D.
	2. Design assuming cracked concrete.

	F. Post-installed Concrete Anchors:
	1. Provide the manufacturer’s system name/type, nominal diameter, embedment depth, spacing, minimum edge distance, cover, and design capacity to resist the specified or calculated load based on requirements given in the Building Code, ACI 318, Appendi...
	2. Design assuming cracked concrete.


	2.3 ENGINEER DESIGNED ANCHORAGE
	A. When the size, length and details of anchorages are shown on Contract Structural Drawings, Contractor design of anchorage is not required unless otherwise indicated.
	B. Acceptable Manufacturers:
	1. Additional newer post-installed anchor systems for the listed manufacturers will be considered only if a current evaluation agency report is submitted in accordance with the SUBMITTALS Article in PART 1 of this Specification Section, the anchor sys...
	2. Mechanical Anchors:
	a. Hilti:
	1) Kwik Bolt TZ (ICC-ES ESR-1917).


	3. Adhesive Concrete Anchors:
	a. Hilti:
	1) HIT RE 500 V3 (ICC ESR-3814).


	4. Concrete Screw Anchors:
	a. Hilti:
	1) Kwik HUS-EZ Screw (ICC-ES ESR-3027).


	5. Submit request for substitution in accordance with Specification Section 01 25 13.
	a. Substitution request to indicate the proposed anchor has the at least the same tension and shear strength as the specified anchor installed as indicated in the Contract Drawings.
	b. Calculations to be stamped by a Professional Engineer registered in the state that the Project is located in.




	Part 3 - EXECUTION
	3.1 GENERAL
	A. Cast-in-Place Anchorage:
	1. Use where anchor rods or bolts are indicated on the Drawings, unless another anchor type is approved by the Engineer.
	2. Provide concrete anchorage as shown on the Drawings or as required to secure components to concrete.

	B. Adhesive Anchorage:
	1. Use only where specifically indicated on the Drawings or when approved for use by the Engineer.
	2. May be used where subjected to vibration or where buried or submerged.
	3. Do not use in overhead applications or sustained tension loading conditions such as utility hangers.
	4. Contact Engineer for clarification when anchors will not be installed in compliance with manufacturer's printed installation requirements.

	C. Mechanical Anchorage:
	1. Use only where specifically indicated on the Drawings or when approved for use by the Engineer.
	2. Do not use where subjected to vibration.
	3. May be used in overhead applications.
	4. Contact Engineer for clarification when anchors will not be installed in compliance with manufacturer's printed installation requirements.

	D. Do not use powder actuated fasteners and other types of bolts and fasteners not specified herein for structural applications unless approved by the Engineer or specified in Contract Documents.

	3.2 PREPARATION
	A. Provide adequate time to allow for proper installation and inspection prior to placing concrete for cast-in-place concrete anchorage.
	B. Prior to installation, inspect and verify areas and conditions under which concrete anchorage is to be installed.
	1. Notify Engineer of conditions detrimental to proper and timely completion of work.
	2. Do not proceed with work until unsatisfactory conditions have been corrected in a manner acceptable to the Engineer.

	C. Special Inspection is required in accordance with the Building Code for all concrete anchorage.
	1. Notify the Special Inspector that an inspection is required prior to concrete placement (or during post-installed anchorage installation).
	2. See the FIELD QUALITY CONTROL Article in PART 3 of this Specification Section for additional requirements.

	D. Post-installed anchor manufacturer’s representative shall demonstrate and observe the proper installation procedures for the post-installed anchors at no additional expense to the Owner.
	1. Follow such procedures to assure acceptable installation.
	2. Adhesive anchors must be installed in concrete aged a minimum of 21 days


	3.3 INSTALLATION
	A. Tie cast-in-place anchorage in position to embedded reinforcing steel using wire.
	1. Tack welding of anchorage is prohibited.
	2. Coat the projected portion of carbon steel anchors and nut threads with a heavy coat of clean grease after concrete has cured.
	3. Anchorage location tolerance shall be in accordance with AISC 303.
	4. Provide steel or durable wood templates for all column and equipment anchorage.
	a. Templates to be placed above top of concrete and not impede proper concrete placement and consolidation.


	B. Unless noted or specified otherwise:
	1. Connect aluminum and steel members to concrete and masonry using stainless steel cast-in-place anchorage unless shown otherwise.
	a. Provide dissimilar materials protection per Specification Section 09 91 10.

	2. Provide washers for all anchorage.
	3. Where exposed, extend threaded anchorage a maximum of 3/4 IN and a minimum of 1/2 IN above the top of the fully engaged nut.
	a. If anchorage is cut off to the required maximum height, threads must be dressed to allow nuts to be removed without damage to the nuts.


	C. Do the following after nuts are snug-tightened down:
	1. If using post-installed anchorage, follow MPII.
	2. Upset threads of anchorage to prevent nuts from backing off.
	a. Provide double nut or lock nut in lieu of upset threads for items that may require removal in the future.

	3. For all other cast-in-place anchorage material, tighten nuts down an additional 1/8 turn to prevent nuts from backing off.
	4. If two (2) nuts are used per concrete anchor above the base plate, tighten the top nut an additional 1/8 turn to "lock" the two (2) nuts together.
	5. If using post-installed anchorage, follow manufacturer’s installation procedures.

	D. Assure that embedded items are protected from damage and are not filled in with concrete.
	E. Secure architectural components such that it will not be aesthetically distorted nor fasteners overstressed from expansion, contraction or installation.
	F. Coat aluminum surfaces in contact with dissimilar materials in accordance with Specification Section 09 91 00.
	G. Repair damaged galvanized surfaces in accordance with ASTM A780.
	1. Prepare damaged surfaces by abrasive blasting or power sanding.
	2. Apply galvanizing repair paint to minimum 6 mils DFT in accordance with manufacturer's instructions and ASTM A780.

	H. For post-installed anchors, comply with the MPII on the hole diameter and depth required to fully develop the tensile strength of the anchor or reinforcing bar.
	1. Use hammer drills to create holes.
	2. Properly clean out the hole per the ICC-ES reports utilizing a non-metallic fiber bristle brush and compressed air or as otherwise required to remove all loose material from the hole prior to installing the anchor in the presence of the Special Ins...


	3.4 FIELD QUALITY CONTROL
	A. Special Inspection:
	1. See Section 01 45 33.
	2. See Section 03 05 05.


	3.5 CLEANING
	A. After concrete has been placed, remove protection and clean all anchorage of all concrete, dirt, and other foreign matter.
	B. Provide surface acceptable to receive field applied paint coatings when specified in Specification Section 09 91 10.


	REINFORCEMENT
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Reinforcing bar requirements for concrete construction.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 05 05 - Concrete Testing and Inspection.
	4. Section 03 15 19 - Anchorage to Concrete.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. SP 66, ACI Detailing Manual.
	b. 117, Specification for Tolerances for Concrete Construction and Materials.
	c. 315, Manual of Standard Practice for Detailing Reinforced Concrete Structures.
	d. 318, Building Code Requirements for Structural Concrete.
	e. 350, Code Requirements for Environmental Engineering Concrete Structures.

	2. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A276, Standard Specification for Stainless Steel Bars and Shapes.
	c. A615, Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement.
	d. A706, Standard Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete Reinforcement.
	e. A970, Standard Specification for Headed Steel Bars for Concrete Reinforcement.
	f. A1064, Standard Specification for Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for Concrete.

	3. Concrete Reinforcing Steel Institute (CRSI):
	a. Manual of Standard Practice.



	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Mill certificates for all reinforcing.
	d. Manufacturer and type of proprietary reinforcing mechanical splices.

	3. Qualifications of welding operators, welding processes and procedures.
	4. Reinforcing number, sizes, spacing, dimensions, configurations, locations, mark numbers, lap splice lengths and locations, concrete cover and reinforcing supports.
	5. Sufficient reinforcing details to permit installation of reinforcing.
	6. Reinforcing details in accordance with ACI SP 66 and ACI 315.
	7. Locations where proprietary reinforcing mechanical splices are required or proposed for use.
	8. Shop Drawings shall be in sufficient detail to permit installation of reinforcing without reference to Contract Drawings.
	a. Shop Drawings shall not be prepared by reproducing the plans and details indicated on the Contract Drawings but shall consist of completely redrawn plans and details as necessary to indicate complete fabrication and installation of all reinforcing ...



	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Support and store all reinforcing above ground.
	B. Ship to jobsite with attached plastic or metal tags with permanent mark numbers which match the Shop Drawing mark numbers.


	Part 2 - PRODUCTS
	2.1 ACCEPTABLE MANUFACTURES
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Reinforcing adhesive anchors:
	a. See Specification Section 03 15 19.

	2. Reinforcing mechanical splices:
	a. Lenton Rebar Splicing by Erico, Inc.
	b. Richmond dowel bar splicer system by Richmond Screw and Anchor Co., Inc.
	c. Bar-Grip Systems by Barsplice Products, Inc.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Reinforcing Bars:  ASTM A615, grade 60, deformed.
	B. Reinforcing Bars to be Welded:  ASTM A706.
	C. Welded Wire Reinforcement:  ASTM A1064.
	D. Smooth Dowel Bars:
	1. Water containing structures:  ASTM A276, Type 316.
	2. All other locations:  ASTM A36, with metal end cap to allow longitudinal movement equal to joint width plus 1 IN.

	E. Proprietary Reinforcing Mechanical Splices:  To develop in tension and compression a minimum of 125 PCT of the yield strength of the reinforcing bars being spliced.
	F. Headed Deformed Bars:
	1. ASTM A970, Class A.

	G. Reinforcing Adhesive Anchors:
	1. See Specification 03 15 19.


	2.3 ACCESSORIES
	A. Chairs, Runners, Bolsters, Spacers, Hangers, and Other Reinforcing Supports:
	1. Metal fabrications with plastic-coated tips in contact with forms.
	a. Plastic coating meeting requirements of CRSI Manual of Standard Practice.

	2. All plastic construction meeting the requirements of CRSI Manual of Standard Practice.
	a. 100 PCT non-metallic, non-corrosive.
	b. Required for all walls and elevated construction exposed to liquid containing structures.


	B. Protective plastic caps at mechanical splices.

	2.4 FABRICATION
	A. Tolerances:
	1. Conforms to ACI 117, expect as modified herein.
	2. Sheared lengths:  +1 IN.
	3. Overall dimensions of stirrups, ties and spirals:  +1/2 IN.
	4. All other bends:  +0 IN, -1/2 IN.

	B. Minimum diameter of bends measured on the inside of the reinforcing bar to be as indicated in ACI 318 Paragraph 7.2.
	C. Ship reinforcing to jobsite with attached plastic or metal tags.
	1. Place on each tag the mark number of the reinforcing corresponding to the mark number indicated on the Shop Drawing.
	2. Mark numbers on tags to be so placed that the numbers cannot be removed.



	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Tolerances:
	1. Conform to ACI 117, except as modified herein.
	2. Reinforcing placement:
	a. Clear distance to formed surfaces:  +1/4 IN.
	b. Minimum spacing between bars:  -1/4 IN.
	c. Top bars in slabs and beams:
	1) Members 8 IN deep or less:  +1/4 IN.
	2) Members between 8 IN and 2 FT deep:  -1/4 IN, +1/2 IN.
	3) Members more than 2 FT deep:  -1/4 IN, +1 IN.

	d. Crosswise of members:  Spaced evenly within +1 IN.
	e. Lengthwise of members:  +2 IN.

	3. Minimum clear distances between reinforcing bars:
	a. Beams, walls and slabs:  Distance equal to bar diameter or 1 IN, whichever is greater.
	b. Columns:  Distance equal to 1-1/2 times the bar diameter or 1-1/2 IN, whichever is greater.
	c. Beam and slab reinforcing shall be threaded through the column vertical rebars without displacing the column vertical bars and still maintaining the clear distances required for the beam and slab reinforcing bars.


	B. Minimum concrete protective covering for reinforcement:  As shown on Drawings.
	C. Unless indicated otherwise on Drawings, provide splice lengths for reinforcing as follows:
	1. For reinforcing:  Class B splice meeting the requirements of ACI 318 and ACI 350.
	2. For welded wire reinforcement:
	a. Splice lap length measured between outermost cross wires of each fabric sheet shall not be less than one (1) spacing of cross wires plus 2 IN, nor less than 1.5 x development length nor less than 6 IN.
	b. Development length shall be as required for the yield strength of the welded wire reinforcement in accordance with ACI 318 and ACI 350.

	3. Provide splices of reinforcing not specifically indicated or specified subject to approval of Engineer.
	a. Mechanical proprietary splice connectors may only be used when approved or indicated on the Contract Drawings.


	D. Welding:
	1. Welding reinforcing is not permitted.

	E. Placing Reinforcing:
	1. Assure that reinforcement at time concrete is placed is free of mud, oil or other materials that may affect or reduce bond.
	2. Reinforcement with rust, mill scale or a combination of both will be accepted as being satisfactory without cleaning or brushing provided dimensions and weights including heights of deformations on a cleaned sample is not less than required by appl...
	3. Reinforcing support:
	a. Uncoated reinforcing:
	1) Support reinforcing and fasten together to prevent displacement by construction operations.
	a) Locate and support reinforcement with bar supports to maintain minimum concrete cover.
	b) Set wire ties with ends directed into concrete, not toward exposed concrete surfaces.
	c) Reinforement shown on the Contract Documents may not be repositioned for use a support for reinforcement.  Addtional drop bars may be provided for support of reinforcing,

	2) Reinforcing supported on ground:
	a) Slab on grade and other members with only one mat of reinforcing:
	(1) Provide metal bar supports with bottom plate.
	(2) Do not use concrete blocks to support slab-on-grade reinforcing.

	b) All other members:  Provide supporting concrete blocks or metal bar supports with bottom plate.

	3) Reinforcing supported on formwork:
	a) Concrete surfaces in contact with or over process liquid:  All-Plastic chairs, runners and bar supports.
	b) All other formed surfaces:
	(1) Provide plastic-coated metal chairs, runners, bolsters, spacers, hangers and other reinforcing support.
	(2) Only tips in contact with the forms need to be plastic coated.




	4. Where parallel horizontal reinforcement in beams is indicated to be placed in two or more layers, bars in the upper layers shall be placed directly above bars in the bottom layer with clear distance between layers to be 1 IN.
	a. Place spacer bars at 3 FT maximum centers to maintain the required 1 IN clear distance between layers.

	5. Extend reinforcement to within 2 IN of concrete perimeter edges.
	a. If perimeter edge is formed by earth, extend reinforcement to within 3 IN of the edge.

	6. To assure proper placement, furnish templates for all column vertical bars and dowels.
	7. Do not bend reinforcement after embedding in hardened concrete unless approved by Engineer.
	a. Do not bend reinforcing by means of heat.

	8. Do not tack weld reinforcing.
	9. Embed reinforcing into hardened concrete utilizing adhesive anchor system specifically manufactured for such installation:
	a. See Specification Section 03 15 19.



	3.2 FIELD QUALITY CONTROL
	A. Reinforcement Congestion and Interferences:
	1. Notify Engineer whenever the specified clearances between bars cannot be met.
	2. Do not place any concrete until the Engineer submits a solution to reinforcing congestion problem.
	3. Reinforcing may be moved as necessary to avoid interference with other reinforcing steel, conduits, or embedded items.
	4. If bars are moved more than one bar diameter, obtain Engineer's approval of resulting arrangement of reinforcing.
	5. No cutting of reinforcing shall be done without written approval of Engineer.

	B. Special Inspection:
	1. See Section 01 45 33.
	2. See Section 03 05 05.



	CONCRETE, MATERIALS AND PROPORTIONING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Concrete materials, strengths and proportioning for concrete work.
	2. Grouting:
	a. Base plates for columns and equipment.
	b. As specified and indicated in the Contract Document.


	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 05 05 - Concrete Testing and Inspection.
	4. Section 03 15 19 - Anchorage to Concrete.
	5. Section 03 31 31 - Concrete Mixing, Placing, Jointing, and Curing.
	6. Section 03 41 33 - Precast and Prestressed Concrete.
	7. Section 03 45 00 – Architectural Precast Concrete.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. CT-13, Concrete Terminology.
	b. 211.1, Standard Practice for Selecting Proportions for Normal, Heavyweight, and Mass Concrete.
	c. 212.3R, Chemical Admixtures for Concrete.
	d. 232.2R, Use of Fly Ash in Concrete.
	e. 318, Building Code Requirements for Structural Concrete.
	f. 350, Code Requirements for Environmental Engineering Concrete Structures.

	2. ASTM International (ASTM):
	a. C33, Standard Specification for Concrete Aggregates.
	b. C39, Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens.
	c. C94/C94M, Standard Specification for Ready-Mixed Concrete.
	d. C150, Standard Specification for Portland Cement.
	e. C157, Standard Test Method for Length Change of Hardened Hydraulic-Cement, Mortar, and Concrete.
	f. C192, Standard Practice for Making and Curing Concrete Test Specimens in the Laboratory.
	g. C260, Standard Specification for Air-Entraining Admixtures for Concrete.
	h. C227, Standard Test Method for Potential Alkali Reactivity of Cement-Aggregate Combinations (Mortar-Bar Method).
	i. C494, Standard Specification for Chemical Admixtures for Concrete.
	j. C618, Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete.
	k. C1107, Standard Specification for Packaged Dry, Hydraulic-Cement Grout (Non-shrink).
	l. C1116, Standard Specification for Fiber-Reinforced Concrete.
	m. C1260, Standard Test Method for Potential Alkali Reactivity of Aggregates (Mortar-Bar Method).
	n. C1293, Standard Test Method for Determination of Length Change of Concrete Due to Alkali-Silica Reaction.
	o. C1399, Standard Test Method for Obtaining Average Residual-Strength of Fiber-Reinforced Concrete.
	p. C1567, Standard Test Method for Determining the Potential Alkali-Silica Reactivity of Combinations of Cementitious Materials and Aggregate (Accelerated Mortar-Bar Method).
	q. C1609, Standard Test Method for Flexural Performance of Fiber-Reinforced Concrete (Using Beam With Third-Point Loading).

	3. Steel Deck Institute (SDI):
	a. 31, Design Manual for Composite Decks, Form Decks and Roof Decks.



	1.3 DEFINITIONS
	A. Words and terms used in these Specifications are defined in ACI CT-13.
	B. Water-Bearing Concrete:  Any concrete surface to be in contract with process fluids during normal operation of the facility, including, but not limited to, tank, channels, wet wells and distribution chambers.
	C. Supplementary Cementitious Materials (SCM):  Fly ash, silica fume and ground granulated blast furnace slag.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's instructions.
	c. Concrete mix designs as required by Specification Section 03 05 05.
	d. Manufacturer and type of proposed admixtures.
	e. Manufacturer and type of proposed non-shrink grout and grout cure/seal compound.

	3. Certifications:
	a. Certification of standard deviation value in psi for ready mix plant supplying the concrete.
	b. Certification that the SCM meet the quality requirements stated in this Specification Section, and SCM supplier's certified test reports for each shipment of SCM delivered to concrete supplier.
	c. Certification that the class of coarse aggregate meets the requirements of ASTM C33 for type and location of concrete construction.
	d. Certification of aggregate gradation.
	e. Certification of coarse aggregate impurities as relates to alkali-silica reactivity per ASTM C33, Appendix X.
	f. Certification of shrinkage test results.

	4. Test reports:
	a. Cement and SCM mill reports for all cement to be supplied.
	b. Provide test results for alkali-silica reactive impurities on coarse aggregates per referenced ASTM standards.



	1.5 DELIVERY, STORAGE AND HANDLING
	A. Storage of Materials:
	1. Store cement and SCM in weathertight buildings, bins, or silos which will exclude moisture and contaminants.
	2. Arrange aggregate stockpiles and use in a manner to avoid excessive segregation and to prevent contamination with other materials or with other sizes of like aggregates.
	3. Allow natural sand to drain until it has reached a relatively uniform moisture content before use.
	4. Do not use frozen or partially frozen aggregates.
	5. Do not use bottom 6 IN layer of stockpiled material in contact with ground.
	6. Store admixtures in such a manner as to avoid contamination, evaporation, or damage.
	a. For those used in form of suspensions or non-stable solutions, provide agitating equipment to assure thorough distribution of ingredients.
	b. Protect liquid admixtures from freezing and temperature changes which would adversely affect their characteristics and performance.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the manufacturers are acceptable:
	1. Non-shrink grout:
	a. BASF Corporation.
	b. Euclid Chemical Company.
	c. Five Star Products, Inc.

	2. Epoxy grout:
	a. BASF Corporation.
	b. Five Star Products, Inc.
	c. Euclid Chemical Company.
	d. Sika Corporation.

	3. Synthetic fibers:
	a. GCP Applied Technologies, Inc.
	b. BASF Corporation.
	c. Euclid Chemical Company.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Cement:
	1. ASTM C150, Type I/II.
	2. Cement type used shall correspond to that upon which selection of concrete proportions was based in the mix design.

	B. SCM:
	1. Fly Ash:
	a. ASTM C618, Class F.
	b. Non-staining.
	c. Suited to provide hardened concrete of uniform light gray color.
	d. Compatible with other concrete ingredients and having no deleterious effects on the hardened concrete.
	e. Produced by source approved by the State Highway Department in the state where the Project is located for use in concrete for bridges.
	f. Evaluate and use in accordance with ACI 232.2R.

	2. Cement and SCM type used shall correspond to that upon which selection of concrete proportions was based in the mix design.

	C. Admixtures:
	1. Air entraining:  ASTM C260.
	2. Water reducing, retarding, and accelerating:  Conform to ASTM C494, Types A through E, and provisions of ACI 212.3R.
	3. High range water reducers (superplasticizers):  Conform to ASTM C494, Types F or G.
	4. All concrete mixes require the use of water reducers to maintain the specified water-to-cement ratios without additional cement.
	5. SCM:  Per above.
	6. Admixtures to be chloride free.
	a. Do not use calcium chloride.

	7. Provide admixtures of same type, manufacturer and quantity as used in establishing required concrete proportions in the mix design.
	8. Provide admixtures certified by manufacturer to be compatible with other admixtures.
	9. Shrinkage reducing admixtures:
	a. Admixture used to reduce the shrinkage of Portland Cement concrete.
	b. Utilize at dosage necessary to help achieve required shrinkage value stated herein.
	c. Similar to:
	1) Eclipse 4500 by GCP Applied Technologies, Inc.
	2) Conex by Euclid Chemical Co.
	3) MasterLife SRA 20 or MasterLife CRA 007 by BASF Corporation.



	D. Water:
	1. Potable.
	2. Clean and free from deleterious substances.
	3. Free of oils, acids and organic matter.

	E. Aggregates for Normal Weight Concrete:
	1. ASTM C33.
	2. Fine and coarse aggregates to be regarded as separate ingredients.
	3. Provide aggregates approved for bridge construction by the Department of Transportation of the State the project is located.
	4. Coarse aggregate:
	a. Use only washed aggregates.
	b. Coarse aggregate sieve analysis:
	1) Per Table 1 IN the PART 2 MIXES Article.


	5. Fine aggregates to be natural, not manufactured.
	6. Do not use aggregates that may be deleteriously reactive when combined with alkalis in cement.
	a. Evaluate proposed aggregates for potential deleterious expansion due to alkali silica reactivity per ASTM C33 (Appendix X), ASTM C227, ASTM C1260, ASTM 1293, or ASTM C1567.


	F. Maximum total chloride ion content for concrete mix including all ingredients measured as a weight percent of cement in accordance with ASTM C1218:
	1. Prestressed concrete:  0.06.
	2. All other concrete:  0.10.

	G. Sand Cement Grout (referred to as "Grout" on the Drawings):
	1. Approximately three (3) parts sand, one (1) part Portland cement, 6 +1 PCT entrained air and water to produce a slump which allows grout to completely fill required areas and surround adjacent reinforcing.
	a. Provide sand in accordance with requirements for fine aggregate for concrete.

	2. Minimum 28 day compressive strength:
	a. 3000 PSI.
	b. Shall be at least strength of parent concrete when used at construction joints.


	H. Grout for Construction Joints at Base of Walls:
	1. Cement grout with same strength as wall concrete, without coarse aggregate.

	I. Non-shrink Grout:
	1. Non-shrink, nonmetallic, noncorrosive, and nonstaining.
	a. Conform to ASTM C1107.

	2. Premixed with only water to be added in accordance with manufacturer's instructions at jobsite.
	3. Grout to produce a positive but controlled expansion.
	a. Mass expansion shall not be created by gas liberation or by other means.

	4. Minimum 28 day compressive strength:  7,000 PSI.
	5. Acceptable manufacturers:
	a. BASF Admixtures, Inc. "Masterflow, 713 IN.
	b. Euclid Chemical "NS Grout".
	c. Sika Corporation "Sika Grout 212 IN.
	d. Sauereisen, Inc. "F-100 Level Fill Grout".


	J. Epoxy Grout:
	1. Three-component epoxy resin system:
	a. Two (2) liquid epoxy components.
	b. One (1) inert aggregate filler component.

	2. Adhesive acceptable manufacturers:
	a. BASF “Masterflow 648 IN.
	b. Five Start Products, Inc.  "DP Five Start Epoxy Grout."
	c. Euclid Chemical "E3-G."
	d. Sika "Sikadur Hi-Mod."

	3. Aggregate acceptable manufacturers:
	a. BASF “Masterflow 648 IN.
	b. Five Start Products, Inc. "DP Five Start Epoxy Grout."
	c. Euclid Chemical "Euclid aggregate."
	d. Sika aggregate.

	4. Aggregate manufacturer shall be the same as the adhesive manufacturer.
	5. The aggregate shall be compatible with the adhesive.
	6. Each component furnished in separate package for mixing at jobsite.

	K. See Specification Section 03 31 31 for Grout Schedule of use.

	2.3 MIXES
	A. General:
	1. Provide concrete capable of being placed without aggregate segregation and, when cured, of developing all properties specified.
	2. Ready-mixed concrete shall conform to ASTM C94/C94M.
	3. All concrete to be normal weight concrete, weighing approximately 145 to 150 LBS per cubic foot at 28 days after placement.

	B. Concrete Mixes:  Refer to Table 1 below.
	C. Air Entrainment:
	1. Provide air entrainment in concrete resulting in a total air content percent by volume per Table 1 below.
	a. Adjust dosage rate as necessary to compensate for shrinkage reducing admixtures.


	D. Slump:
	1. Measure slump at point of discharge into concrete members.
	2. Walls and columns:
	a. 8 IN maximum, 4 IN minimum measured at the point of discharge into the concrete member.
	b. Slump shall be obtained by use of mid-range or high-range water reducer conforming to ASTM C494.

	3. All other members:
	a. Concrete using a water reducer per ASTM C494:  8 IN maximum, 4 IN minimum measured at the point of discharge into the concrete member.
	b. Concrete without a water reducer per ASTM C494:  5 IN maximum, 1 IN minimum measured at point of discharge into the concrete member.

	4. Concrete of lower than minimum slump may be used provided it can be properly placed and consolidated.
	5. Provide additional water or water reducing admixture at ready mix plant for concrete that is to be pumped to allow for slump loss due to pumping.
	a. Provide only enough additional water so that slump of concrete at discharge end of pump hose does not exceed maximum slump specified and the maximum specified water-cement ration is not exceeded.

	6. Slump may be adjusted in the field through the use of water reducers.
	a. Coordinate dosage and mixing requirements with concrete supplier.

	7. Slump tolerances shall comply with the requirements of ACI 117.

	E. Proportioning:
	1. General:
	a. Proportion ingredients to produce a mixture which will work readily into corners and angles of forms and around reinforcement by methods of placement and consolidation employed without permitting materials to segregate or excessive free water to co...
	b. Proportion ingredients to produce proper placability, durability, strength and other required properties.

	2. Normal weight concrete target cementitious materials contents and maximum water cementitious ratios per Table 1 below.
	a. Target cementitious materials contents are intended to provide a crack free, durable finished product, not one with excessive strength

	3. SCM:
	a. Fly ash:
	1) For cast-in-place concrete only, a maximum of 25 PCT by weight of Portland cement content per cubic yard may be replaced with fly ash at a rate of 1 LB fly ash for 1 LB cement.
	2) If fly ash is used, the water to fly ash plus cement ratio not to exceed the maximum water cement ratio specified in this Specification Section.
	3) Concrete containing fly ash shall not be used in the construction of the precast concrete units specified in Specification Section 03 41 33.


	4. Water reducing, retarding, and accelerating admixtures:
	a. Use in accordance with manufacturer's instructions.
	b. Add to mix at batching plant.
	c. Use water-reducing or high-range water reducing admixture in concrete, as required, for placement and workability.
	1) Water reducers are required to maintain specified maximum water to cement ratios.


	5. High range water reducers (superplasticizers):
	a. Use required for:
	1) All concrete to be pumped except slabs on grade.
	2) All concrete for water containing structures.
	3) Other concrete members at Contractor’s option.

	b. Use required for all non-pumped concrete except slabs on grade and foundations.
	c. Maximum concrete slump before addition of admixture to be 3 IN maximum slump after addition to be 8 IN.
	d. Reference Specification Section 03 31 31 for additional requirements.

	6. Concrete mix proportioning methods for normal weight concrete:
	a. Method 1:
	1) Used when combination of materials proposed is to be evaluated and proportions selected to be on a basis of trial mixes.
	2) Produce mixes having suitable proportions and consistencies based on ACI 211.1, using at least three (3) different water cement ratios or cement contents which will produce a range of compressive strengths encompassing the required average strength.
	3) Design trial mixes to produce a slump within 0.75 IN of maximum specified, and for air entrained concrete, air content within 0.5 PCT specified.
	4) For each water cement ratio or cement content, make at least three (3) trial strength tests for specified test age, and cure in accordance with ASTM C192.
	a) Cylinder size:  Per ASTM C31.
	b) Test for strength at 28 days in accordance with ASTM C39.
	(1) Quantity of cylinders per trial strength test:
	(a) 6 IN DIA cylinders:  Two (2).
	(b) 4 IN DIA cylinders:  Three (3).



	5) From results of these tests, plot a curve showing relationship between water cement ratio or cement content and compressive strength.
	6) From this curve select water cement ratio or cement content to be used to produce required average strength.
	7) Use cement content and mixture proportions such that maximum water cement ratio is not exceeded when slump is maximum specified.
	8) Base field control on maintenance of proper cement content, slump, air content and water cement ratio.
	9) See paragraph hereafter for definition of required average strength.

	b. Method 2:
	1) In lieu of trial mixes, field test records for concrete made with similar ingredients may be used.
	2) Use of proposed concrete mix proportions based on field test records subject to approval by Engineer based on information contained in field test records and demonstrated ability to provide the required average strength.
	3) Field test records to represent materials, proportions and conditions similar to those specified.
	a) Changes in the materials, proportions and conditions within the test records shall have not been more restricted than those for the proposed concrete mix.
	b) Field test records shall meet the requirements of ACI 318 and ACI 350 Paragraph 5.3.

	4) Required concrete proportions may be established by interpolation between the strengths and proportions of two (2) or more test records each of which meets the requirements of this Specification Section.


	7. Required average strength to exceed the specified 28 day compressive strength by the amount determined or calculated in accordance with ACI 318 and ACI 350, Chapter 5 using the standard deviation of the proposed concrete production facility as desc...

	F. Flowable Fill:
	1. A mixture of cement, fly ash, fine sand, water and air having a consistency which will flow under a very low head.
	2. Approximate quantities of each component per cubic yard of mixed material:
	a. Cement (Type I or II):  50 LBS.
	b. Fly ash:  200 LBS.
	c. Fine sand:  2,700 LBS.
	d. Water (approximate):  420 LBS.
	e. Air content (approximate):  10 PCT.

	3. Actual quantities shall be adjusted to provide a yield of 1 CY with the materials used.
	4. Approximate compressive strength should be 85 to 175 PSI.
	5. Fine sand shall be an evenly graded material having not less than 95 PCT passing the No. 4 sieve and not more than 5 PCT passing the No. 200 sieve.


	2.4 SOURCE QUALITY CONTROL
	A. To assure stockpiles are not contaminated or materials are segregated, perform any test for determining conformance to requirements for cleanness and grading on samples secured from aggregates at point of batching.


	Part 3 - EXECUTION
	3.1 FIELD QUALITY CONTROL
	A. Special Inspection:
	1. See Specification Section 01 45 33.
	2. See Specification Section 03 05 05.

	B. Perform concrete tests per Specification Section 03 05 05.
	1. Perform a strength test on all concrete to which water or superplasticizer, above the amount stated in the approved concrete mix design, has been added.
	a. Perform sampling after water or superplasticizer has been added and additional mixing has been performed.




	CONCRETE MIXING, PLACING, JOINTING, AND CURING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Mixing, placing, jointing, and curing of concrete construction.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 05 05 - Concrete Testing and Inspection.
	4. Section 03 11 13 - Formwork.
	5. Section 03 21 00 - Reinforcement.
	6. Section 03 31 30 - Concrete, Materials and Proportioning.
	7. Section 03 35 00 - Concrete Finishing and Repair of Surface Defects.
	8. Section 07 92 00 - Joint Sealants.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. CT-13, Concrete Terminology.
	b. 304R, Guide for Measuring, Mixing, Transporting and Placing Concrete.
	c. 304.2R, Placing Concrete by Pumping Methods.
	d. 305.1, Specification for Hot Weather Concreting.
	e. 306.1, Standard Specification for Cold Weather Concreting.
	f. 308.1, Specification for Curing Concrete.
	g. 309R, Guide for Consolidation of Concrete.
	h. 360R, Guide to Design of Slabs-on-Ground.

	2. ASTM International (ASTM):
	a. C94/C94M, Standard Specification for Ready-Mixed Concrete.
	b. C309, Standard Specification for Liquid Membrane-Forming Compounds for Curing Concrete.
	c. C1315, Standard Specification for Liquid Membrane-Forming Compounds Having Special Properties for Curing and Sealing Concrete.
	d. D994, Standard Specification for Preformed Expansion Joint Filler for Concrete (Bituminous Type).
	e. D1056, Standard Specification for Flexible Cellular Materials-Sponge or Expanded Rubber.
	f. D1751, Standard Specification for Preformed Expansion Joint Filler for Concrete Paving and Structural Construction (Nonextruding and Resilient Bituminous Types).

	3. Corps of Engineers (COE):
	a. CRD-C572, Specifications for Polyvinylchloride Waterstop.

	4. National Ready Mixed Concrete Association (NRMCA):
	a. Checklist for Certification of Ready Mixed Concrete Production Facilities.

	5. NSF International (NSF).

	B. Qualifications:
	1. Ready Mixed Concrete Batch Plant:  Certified by NRMCA.
	2. Waterstop manufacturer's representative shall provide on-site training of waterstop installation, field splicing, welding and inspection procedures prior to construction, and at no additional cost.


	1.3 DEFINITIONS
	A. Words and terms used in this Specification Section are defined in ACI CT-13.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	1) Procedure for adding high-range water reducer at the jobsite.

	c. Scaled (minimum 1/8 IN per foot) drawings showing proposed locations of construction joints, control joints, expansion joints (as applicable) and joint profile dimensions for each joint type.
	d. Manufacturers and types:
	1) Joint fillers.
	2) Curing agents.
	3) Construction joint bonding adhesive.
	4) Waterstops.


	3. Certifications:
	a. Ready mix concrete plant certification.
	b. Waterstops:  Certificate of training from the waterstop manufacturer for the individuals performing field welds of waterstops.


	B. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Copies of concrete delivery tickets.
	3. Description of proposed curing methods.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Concrete Delivery:
	1. Prepare a delivery ticket for each load of ready mixed concrete.
	2. Truck operator shall hand ticket to Contractor at the time of delivery.
	3. Ticket to show:
	a. Mix identification.
	b. Quantity delivered.
	c. Amount of material in each batch.
	d. Outdoor temperature in the shade.
	e. Time at which cement was added.
	f. Time of delivery.
	g. Time of discharge.
	h. Amount of water that may be added at the site without exceeding the specified water-cement ratio.
	i. Amount of water added at the site.



	1.6 PROJECT CONDITIONS
	A. Adjust concrete mix design when material characteristics, job conditions, weather, strength test results or other circumstances warrant.
	1. Do not use revised concrete mixes until submitted to and approved by Engineer.


	1.7 SEQUENCING AND SCHEDULING
	A. Do not begin concrete production until proposed concrete mix design has been approved by Engineer.
	1. Approval of concrete mix design does not relieve Contractor of his responsibility to provide concrete that meets the requirements of the Contract Documents.



	Part 2 - PRODUCTS
	2.1 PRODUCTS
	A. Subject to compliance with the Contract Documents, the manufacturers listed in this article are acceptable.
	B. Neoprene Expansion Joint Fillers:
	1. Acceptable manufacturers:
	a. Permaglaze.
	b. Rubatex.
	c. Williams Products.

	2. Materials:
	a. Closed cell neoprene.
	b. ASTM D1056, Type 2, Class A or C.
	c. Grade:  Compression deflection as required to limit deflection to 25 PCT of joint thickness under pressure from concrete pour height.


	C. Asphalt Expansion Joint Fillers:
	1. Acceptable manufacturers:
	a. W.R Meadows.
	b. J and P Petroleum Products.

	2. Materials:  ASTM D994.

	D. Fiber Expansion Joint Fillers:
	1. Materials:  ASTM D1751.

	E. Waterstops, PVC Type:
	1. Acceptable manufacturers:
	a. Greenstreak Plastic Products.
	b. W.R Meadows.
	c. Vinylex Corporation.
	d. Bometals, Inc.

	2. Materials:
	a. Virgin polyvinyl chloride compound not containing any scrap or reclaimed materials or pigment.
	b. Cast-in-place type:  COE CRD-572.

	3. Approved profiles as listed.
	a. Construction joints:
	1) Ribbed:  6 IN wide by 3/8 IN.
	2) Greenstreak Plastic Products Style #679, or equal.

	b. Control joints:
	1) 6 IN wide by 3/8 IN thick with ribs and center bulb.
	2) Greenstreak Plastic Products Style #705, or equal.

	c. Expansion joint:
	1) 9 IN wide by 3/8 IN thick tear web type waterstop.
	2) Greenstreak Plastic Products Style #700, or equal.


	4. Provide factory-made waterstop fabrications at all changes in direction, intersections and transitions, leaving only straight butt splices for the field.  Butt welds to be a minimum 6 IN from the intersection.
	5. Factory prepunched (12 IN centers, each edge) for wire supports.
	a. Provide hog rings or grommets at maximum 12 IN OC along the length of the waterstop at Contractor’s option.

	6. See Drawings for application and other requirements.

	F. Waterstops, Preformed Strip Type:
	1. Acceptable manufacturers:
	a. Greenstreak Plastics, Inc. (Hydrotite).
	b. Adeka Ultra Seal USA (MC-2010MN).
	c. DeNeef (Swellseal Plus).

	2. Hydrophilic, nonbentonite composition.
	3. Manufactured solely for the purpose of preventing water from traveling through construction joints.
	4. Volumetric expansion limited to 3 times maximum.
	5. See Drawings for application and other requirements.

	G. Water Swelling Sealant:
	1. Compatible with strip-type waterstop.
	2. Single component, gun applied.
	3. Moisture cured.
	4. Minimum 70 PCT volumetric expansion swelling capability.

	H. Curing Products to conform to one or more of the following:
	1. Absorbent Covers.
	2. Moisture Retaining Covers.
	a. Moisture Retaining Fabric.

	3. Dissipating curing compound:
	a. Fugitive dye, waterborne, membrane-forming.
	b. ASTM C309, Type 1D, Class A or B, shall be composed of hydrocarbon resins, and dissipating agents that begin to break down upon exposure to UV light, and traffic, approximately four to six weeks after applications, providing a film that is removabl...
	c. Acceptable Products:
	1) DaytonSuperior Corporation; Day Chem Rez Cure (J-11-WD).
	2) Euclid Chemical Company (The); Kurez DR VOX.
	3) L&M Construction Chemicals, Inc.; L&M Cure R.


	4. Clear, water  or  solvent-borne, membrane-forming curing and sealing compound:
	a. ASTM C1315, Type 1, Class A.
	b. Moisture loss shall be not more than 0.40 Kg/m2 when applied at 300 SQFT/GAL.
	c. Manufacturer's certification is required.
	d. Subject to project requirements, provide one of the following products:
	e. Products:
	1) Euclid Chemical Company (The); Super Diamond Clear, Luster Seal 300 (exterior), Super Rez-Seal (interior).
	2) L&M Construction Chemicals, Inc.; Lumiseal Plus.
	3) Meadows, W.R., Inc.; CS-309/30.
	4) Euclid Chemical Company (The); Super Diamond Clear VOX.
	5) L&M Construction Chemicals, Inc.; Lumiseal WB Plus.
	6) Meadows, W.R., Inc.; Vocomp-30.



	I. Bonding Agent:
	1. Acceptable manufacturers:
	a. L&M Construction Chemicals, Inc.
	b. Sika.
	c. Euclid Chemical Co.

	2. Materials:
	a. Latex:  ASTM C1059, Type II.
	b. Epoxy:  ASTM C881, Type V.


	J. Vapor Retarder:  See Specification Section 07 26 00.
	K. Sand cement grout, non-shrink grout and epoxy grout:  See Specification Section 03 31 30.

	2.2 SOURCE QUALITY CONTROL
	A. The concrete plant shall conform to the Checklist for Certification of Ready Mixed Concrete Production Facilities of the NRMCA.


	Part 3 - EXECUTION
	3.1 PREPARATION
	A. General:
	1. Complete formwork.
	a. See Specification Section 03 11 13.

	2. Remove earth, snow, ice, water, and other foreign materials from areas that will receive concrete.
	3. Secure reinforcement in place.
	a. See Specification Section 03 21 00.

	4. Position expansion joint material, anchors and other embedded items.
	5. Obtain approval of reinforcement erection and placement prior to placing concrete.
	6. Do not place concrete during rain, sleet, or snow, unless adequate protection is provided and approval is obtained.
	a. Plan size of crews with due regard for effects of concrete temperature and atmospheric conditions on rate of hardening of concrete as required to obtain good surfaces and avoid unplanned cold joints.
	b. Do not allow rainwater to increase mixing water nor to damage surface finish.

	7. Prepare all construction joints for proper bond per the Construction Joints - Bonding Paragraph in PART 3 of this Specification Section.
	8. Coat all construction joints with an approved bonding material, before new concrete is placed.
	a. Apply proprietary bonding adhesive in accordance with manufacturer's instructions.

	9. Remove hardened concrete and foreign materials from inner surfaces of conveying equipment and formwork.
	10. Provide slabs and beams of minimum indicated required depth when sloping structural foundation base slabs and elevated slabs to drains.
	a. For floor slabs on grade, slope top of subgrade to provide slab of required uniform thickness.


	B. Preparation of Subgrade for Slabs On Ground:
	1. Subgrade to be wetted without standing water immediately prior to placing concrete.
	2. Obtain approval of subgrade compaction density prior to placing slabs on ground.

	C. Edge Forms and Screeds:
	1. Set accurately to produce designated elevations and contours of finished surface.
	2. Sufficiently strong to support vibrating screeds or roller pipe screeds, if required.
	3. Use strike off templates, or approved vibrating type screeds, to align concrete surfaces to contours of screed strips.


	3.2 CONCRETE MIXING
	A. General:
	1. Provide all concrete from a central plant conforming to Checklist for Certification of Ready Mixed Concrete Production Facilities of the NRMCA.
	2. Batch, mix, and transport in accordance with ASTM C94/C94M.

	B. Control of Admixtures:
	1. Control at the batch plant:
	a. All admixtures to be introduced at the batch plant in accordance with manufacturer's recommendations.
	b. Charge admixtures into mixer as solutions.
	1) Measure by means of an approved mechanical dispensing device.
	2) Liquid considered a part of mixing water.
	3) Admixtures that cannot be added in solution may be weighed or measured by volume if so recommended by manufacturer.

	c. Add separately, when two or more admixtures are used in concrete, to avoid possible interaction that might interfere with efficiency of either admixture, or adversely affect concrete.
	d. Complete addition of retarding admixtures within one minute after addition of water to cement has been completed, or prior to beginning of last three quarters of required mixing, whichever occurs first.

	2. Control of Admixtures in the field:
	a. Additional quantities of admixtures (with the exception of retarders) may be added in the field provided:
	1) Addition of admixtures shall be under the supervision of the ready mix quality control representative.
	2) Addition of each admixture to be documented on the delivery ticket.
	3) Provide additional mixing per ASTM C94.



	C. Tempering and Control of Mixing Water:
	1. Mix concrete only in quantities for immediate use.
	2. Discard concrete which has set.
	3. Discharge concrete from ready mix trucks within time limit and drum revolutions stated in ASTM C94/C94M.
	4. Addition of water at the jobsite:
	a. See Specification Section 03 31 30 for specified water cement ratio and slump.
	b. Do not exceed maximum specified water cement ratio or slump.
	c. Incorporate water by additional mixing equal to at least half of total mixing required.



	3.3 PLACING OF CONCRETE
	A. General:
	1. Place concrete as such a rate that concrete, which is being integrated with fresh concrete, is still workable.
	a. Select placement equipment and manpower in order to assure timely delivery of concrete into forms to avoid cold joints and placement issues.

	2. Comply with ACI 304R and ACI 304.2R.
	3. Do not begin placing concrete during rain, sleet, or snow.
	a. Protect fresh concrete from ensuing inclement weather.

	4. Do not deposit concrete which has partially hardened or has been contaminated by foreign materials.
	5. Begin work only when work of other trades affecting concrete is complete.
	6. Deposit concrete:
	a. Continuously to avoid cold joints.

	7. Locate construction joints at locations approved by Engineer.
	a. Plan size of crews with due regard for effects of concrete temperature and atmosphere conditions to avoid unplanned cold joints.

	8. Spreaders:
	a. Temporary:  Remove as soon as concrete placing renders their function unnecessary.
	b. Embedded:
	1) Obtain approval of Engineer.
	2) Materials:  Concrete or metal.
	3) Ends of metal spreaders coated with plastic coating 2 IN from each end.


	9. Deposit concrete as nearly as practicable in its final position to avoid segregation.
	a. Maximum free fall:  4 FT.
	b. Place concrete by means of hopper, elephant trunk or tremie pipe extending down to within 4 FT of surface placed upon.

	10. Perform the following operations before bleeding water has an opportunity to collect on surface:
	a. Spread.
	b. Consolidate.
	c. Straightedge.
	d. Darby or bull float.

	11. No water shall be added to the concrete surface to ease finishing operation.

	B. Cold Weather Concrete Placement:
	1. Comply with ACI 306.1.
	2. Do not place concrete on subgrade that are below 32 DEGF or contain frozen material.
	3. Maintain all materials, forms, reinforcement, subgrade and any other items which concrete will come in contact with free of frost, ice or snow at time of concrete placement.
	4. Temperature of concrete when discharged at site:  Per ACI 306.1.
	5. Heat subgrade forms, embedments and reinforcement to between 45 and 70 DEGF, when temperature of surrounding air is 40 DEGF or below at time concrete is placed.
	a. Remove all frost from subgrade, forms and reinforcement before concrete is placed.

	6. Combine water with aggregate in mixer before cement is added, if water or aggregate is heated above 90 DEGF.
	7. Do not mix cement with water or with mixtures of water and aggregate having a temperature greater than 90 DEGF.
	8. Follow ACI 360R-10 for specific requirements dealing with elevated steel troweled slabs that will be exposed to freeze-thaw cycles.

	C. Hot Weather Concrete Placement:
	1. Comply with ACI 305.1.
	2. Cool ingredients before mixing, or add flake ice or well crushed ice of a size that will melt completely during mixing for all or part of mixing water if high temperature, low slump, flash set, cold joints, or shrinkage cracks are encountered.
	3. Temperature of concrete at point of delivery (i.e. truck discharge) when placed:
	a. Not to exceed 95 DEGF.
	b. Not so high as to cause:
	1) Shrinkage cracks.
	2) Difficulty in placement due to loss of slump.
	3) Flash set.


	4. Temperature of forms and reinforcing when placing concrete:
	a. Not to exceed 90 DEGF.
	b. May be reduced by spraying with water to cool below 90 DEGF.
	1) Leave no standing water to contact concrete being placed.


	5. Prevent plastic shrinkage cracking and/or slab curling due to evaporation.

	D. Consolidating:
	1. Consolidate in accordance with ACI 309R except as modified herein.
	2. Consolidate by vibration so that concrete is thoroughly worked around reinforcement, embedded items and into corners of forms.
	a. Eliminate:
	1) Air or stone pockets.
	2) Honeycombing or pitting.
	3) Planes of weakness.


	3. Use suitable form vibrators located just below top surface of concrete, where internal vibrators cannot be used in areas of congested reinforcing.
	a. Size and coordinate external vibrators to specifically match forming system used.

	4. Internal vibrators:
	a. Minimum frequency of 8000 vibrations per minute.
	b. Insert and withdraw at points approximately 18 IN apart.
	1) Allow sufficient duration at each insertion to consolidate concrete but not sufficient to cause segregation.

	c. Use in:
	1) Beams and girders of framed slabs.
	2) Columns and walls.
	3) Vibrating concrete around all waterstops.

	d. Size of vibrators shall be in accordance with ACI 309R, Table 5.1.5.

	5. Obtain consolidation of slabs with internal vibrators, vibrating screeds, roller pipe screeds, or other approved means.
	6. Do not use vibrators to transport concrete within forms.
	7. Provide spare vibrators on jobsite during all concrete placing operations.
	8. Bring a full surface of mortar against form by vibration supplemented if necessary by spading to work coarse aggregate back from formed surface, where concrete is to have an as-cast finish.
	9. Prevent construction equipment, construction operations, and personnel from introducing vibrations into freshly placed concrete after the concrete has been placed and consolidated.

	E. Handle concrete from mixer to place of final deposit by methods which will prevent segregation or loss of ingredients and in a manner which will assure that required quality of concrete is maintained.
	1. Use truck mixers, agitators, and non-agitating units in accordance with ASTM C94/C94M.
	2. Horizontal belt conveyors:
	a. Mount at a slope which will not cause segregation or loss of ingredients.
	b. Protect concrete against undue drying or rise in temperature.
	c. Use an arrangement at discharge end to prevent segregation.
	d. Do not allow mortar to adhere to return length of belt.
	e. Discharge conveyor runs into equipment specially designed for spreading concrete.

	3. Metal or metal lined chutes:
	a. Slope not exceeding 1 vertical to 2 horizontal and not less than 1 vertical to 3 horizontal.
	b. Chutes more than 20 FT long and chutes not meeting slope requirements may be used provided they discharge into a hopper before distribution.
	c. Provide end of each chute with a device to prevent segregation.

	4. Pumping or pneumatic conveying equipment:
	a. Designed for concrete application and having adequate pumping capacity.
	b. Control pneumatic placement so segregation is avoided in discharged concrete.
	c. Loss of slump in pumping or pneumatic conveying equipment shall not exceed 1-1/2 IN.
	d. Do not convey concrete through pipe made of aluminum or aluminum alloy.
	e. Provide pumping equipment without Y sections.


	F. Placing of Concrete on Metal Deck:
	1. Prior to concrete placement, the metal deck shall be free of soil, debris, standing water, loose mill scale, and all other foreign matter.
	2. Care shall be exercised when placing concrete so that the deck will not be subject to construction loads or impact that exceed the design capacity of the deck.
	3. Concrete shall be placed in a uniform manner and spread toward the center of the deck span.
	4. If buggies are used to place concrete, runways shall be planked, and the buggies shall only operate on planking.
	a. Planks shall be of adequate stiffness to transfer loads to the steel supports without damaging the deck.

	5. Deck damage caused by careless placement of concrete shall be repaired or replaced.
	6. Pour concrete to the elevations noted on Drawings.


	3.4 JOINTS AND EMBEDDED ITEMS
	A. Construction Joints - General:
	1. Locate joints as indicated on Contract Drawings or as shown on approved Shop Drawings.
	a. Where construction joint spacing shown on Drawings exceeds the joint spacing indicated in Paragraph B. below, submit proposed construction joint location in conformance with this Specification Section.

	2. Unplanned construction joints will not be allowed.
	a. If concrete cannot be completely placed between planned construction joints, then it must be removed.

	3. In general, locate joints near middle of spans of slabs, beams and girders unless a beam intersects a girder at this point, in which case, offset joint in girder a distance equal to twice the width of the beam.
	4. Locate joints in walls and columns at underside of floors, slabs, beams, or girders, and at tops of foundations or floor slabs, unless shown otherwise.
	a. At Contractor's option, beam pockets may be formed into concrete walls.
	b. Size pockets to allow beam reinforcing to be placed as detailed on Drawings.

	5. Place beams, girders, column capitals and drop panels at same time as slabs.
	6. Place corbels monolithically with walls.
	a. Locate wall vertical construction joints midway between corbels.
	b. Where only a single corbel is located place it also monolithically with wall and locate wall vertical construction joint a minimum of 3 FT from face of corbel.

	7. Make joints perpendicular to main reinforcement with all reinforcement continuous across joints.
	8. Provide the following joints unless noted otherwise on Drawings:
	a. Roughen joints:  horizontal construction joints.
	b. Keyed joints:  vertical construction joints.

	9. Roughen construction joints:
	a. Clean the previously hardened concrete interface and remove all laitance.
	b. Intentionally roughen the interface to a full amplitude of 1/4 IN.

	10. Keyways:
	a. Construction joint keyways shall have the following dimensions, unless shown otherwise on Drawings.
	b. Wall keys:
	1) Keyway width, not less than 1/3 and not more than 1/2 the wall thickness measured perpendicular to wall faces.
	2) Keyway depth to be not less than 1-1/2 IN.
	3) Continuous along length of wall.
	4) Place keyway in wall center unless shown otherwise on Drawings.

	c. Keyways in footings, foundations, base slabs, and structural or elevated slabs:
	1) Keyway height not less than 1/3 and not more than 1/2 the footing or slab thickness.
	2) Keyway depth not less than 1-1/2 IN.
	3) Continuous along footing or slab.
	4) Keyway in footing or slab center unless shown otherwise on Drawings.

	d. Beam keyways:
	1) Full width of beam.
	2) Keyway height not less than 5-1/2 IN.
	3) Keyway depth not less than 1-1/2 IN.
	4) Keyway located in initial beam pour, directly above the bottom reinforcing, unless shown otherwise on Drawings.


	11. Minimum time before placement of adjoining concrete construction:
	a. All concrete:  72 HRS.


	B. Construction Joints - Spacing Unless Otherwise Specified:
	1. Structures not intended to contain liquid:
	a. Wall vertical construction joints:
	1) 50 FT maximum centers.
	2) At wall intersections, 4 FT minimum from corner.

	b. Base slab, floor, and roof slab construction joints:
	1) Placements to be approximately square and not to exceed 2500 SQFT.
	2) Maximum side dimension of a slab pour to be 70 FT.


	2. Water retaining structures:
	a. Wall vertical construction joints:
	1) 30 FT maximum centers.
	2) At wall intersections, 10 FT minimum from corner.

	b. Wall horizontal construction joints:  18 FT centers.
	c. Floor slab, construction joints:
	1) Placements to be approximately square and not to exceed 2000 SQFT.
	2) Maximum side dimension of a slab pour to be less than:
	a) Twice the length of the short side.
	b) 60 FT.


	d. Elevated slab construction joints:
	1) Placements to be approximately square and not to exceed 4000 SQFT.
	2) Maximum side dimension of a slab pour to be less than:
	a) Twice the length of the short side.
	b) 70 FT.




	C. Construction Joints - Bonding:
	1. Obtain bond between concrete pours at construction joints by thoroughly cleaning and removing all laitance from construction joints.
	2. Before new concrete is placed, all construction joints shall be coated with cement grout, or dampened, as outlined below:
	3. Roughen construction joints:
	a. Roughen the surface of the concrete to expose the coarse aggregate uniformly with 1/4 IN minimum amplitude.
	1) Remove laitance, loosened particles of aggregate or damaged concrete at the surface, or at the Contractor's option, use an approved chemical retarder which delays but does not prevent setting of the surface of the mortar in accordance with the manu...
	a) Retarded mortar shall be removed within 24 HRS after placing to produce a clean exposed aggregate bonding surface.


	b. Dampen the hardened concrete immediately prior to placing of fresh concrete or grout.

	4. Keyed construction joints:
	a. Thoroughly clean construction joints and remove all laitance.
	b. Dampen the hardened concrete immediately prior to placing of fresh concrete.


	D. Slab On Grade Joints:
	1. Locate construction and control joints in slabs on grade as indicated on Drawings.
	2. Time cutting properly with set of concrete, if saw cut joints are required or permitted.
	a. Start cutting as soon as concrete has hardened sufficiently to prevent aggregates being dislodged by saw.
	b. Complete before shrinkage stresses become sufficient to produce cracking.


	E. Expansion Joints:
	1. Do not permit reinforcement or other embedded metal items bonded to concrete (except smooth dowels bonded on only one side of joint) to extend continuously through an expansion joint.
	2. Use neoprene expansion joint fillers, unless noted otherwise on Drawings.
	3. Seal expansion joints as shown on Drawings.
	a. See Specification Section 07 92 00 for requirements.


	F. Waterstops - General:
	1. Waterstop to be continuous with splices in accordance with manufacturer's instructions and create water tight joints.
	2. Do not mix different types of waterstop materials in the same structure without specific approval from the Engineer unless shown on Drawings.
	3. Preformed strip type:
	a. Locate waterstop at center of wall, unless noted otherwise on Drawings.
	1) Maintain at least 3 IN from edge of concrete.

	b. Install in a bed of swelling sealant on smooth surface of hardened concrete by use of nails, adhesive or other means as recommended by manufacturer to prevent movement of waterstop during placement of concrete.
	c. Roughened joints shall be especially prepared during concrete placement to provide smooth surface for proper water stop installation.
	d. Use in joints against existing concrete where indicated on Drawings.

	4. PVC waterstops:
	a. Position waterstop accurately in joints, with adequate clearance from all reinforcing.
	b. Secure waterstops in correct position using hog rings or grommets spaced 24 IN maximum staggered along each edge full length and passed through the edge of the waterstop.
	1) Tie wire to adjacent reinforcing.

	c. Hold horizontal waterstops in place with continuous supports.
	d. Install according to manufacturer's instructions.
	1) Do not displace reinforcement from required location.

	e. Splice ends and intersections with perpendicular butt splice using electrical splicing iron in accordance with manufacturer's instructions.
	1) Use factory fabricated "T" and corner intersection fittings.
	2) Field splice straight runs of material.

	f. Unless otherwise noted, use for all construction joints in new construction for all structures indicated on Drawings.


	G. Other Embedded Items:
	1. Place sleeves, inserts, anchors, and embedded items required for adjoining work or for its support, prior to initiating concreting.
	a. Give Contractor whose work is related or integral to concrete, or supported by it, ample notice and opportunity to furnish and install items before placing concrete.

	2. Do not route electrical conduit, drains, or pipes in concrete slabs, walls, columns, foundations, beams or other structural members unless approved by Engineer.

	H. Placing Embedded Items:
	1. Support against displacement.
	2. Fill voids in sleeves, inserts and anchor slots temporarily with readily removable material to prevent entry of concrete into voids.
	3. Provide adequate means for anchoring waterstop in concrete.
	a. Provide means to prevent waterstops in the forms from being folded over by the concrete as it is placed.



	3.5 FINISHING
	A. See Specification Section 03 35 00.
	B. Coordinate mixing and placing with finishing.

	3.6 INSTALLATION OF GROUT
	A. Grout Schedule of Use:
	1. Sand cement grout:
	a. Fill keyways of precast HCU.
	b. Wall-to-slab construction joint bonding.

	2. Non-shrinking non-metallic grout:
	a. Filling form tie holes.
	b. Under column and beam base plates.
	c. Other uses indicated on the Drawings.

	3. Epoxy grout:
	a. Patching cavities in concrete.
	b. Grouting of dowels and anchor bolts into existing concrete.
	c. Grouting of equipment base plates where driving motor is 500 HP and above.
	d. Other uses indicated on the Drawings.


	B. Grout Installation:
	1. Sand cement grout:
	a. Fill keyways between precast concrete hollow core slabs with sand cement grout.
	b. Consolidate grout by rodding or by other means to assure complete filling of keyways.
	c. Cure grout by one of methods specified.

	2. Non-shrink non-metallic grout:
	a. Clean concrete surface to receive grout.
	b. Saturate concrete with water for 24 HRS prior to grouting.
	c. Mix in a mechanical mixer.
	d. Use no more water than necessary to produce flowable grout.
	e. Place in accordance with manufacturer's instructions.
	f. Provide under beam, column, and equipment base plates, in joints between precast concrete filter slabs, and in other locations indicated on the Drawings.
	g. Completely fill all spaces and cavities below the top of base plates.
	h. Provide forms where base plates and bed plates do not confine grout.
	i. Where exposed to view, finish grout edges smooth.
	j. Except where a slope is indicated on the Drawings, finish edges flush at the base plate, bed plate, member or piece of equipment.
	k. Coat exposed edges of grout with cure or seal compound recommended by the grout manufacturer.

	3. Epoxy grout:
	a. Mix and place in accordance with manufacturer's instructions.
	b. Apply only to clean, dry, sound surface.
	c. Completely fill all cavities and spaces around dowels and anchors without voids.
	d. Grout base and bed plates as specified for non-shrinking, non-metallic grout.
	e. Obtain manufacturer's field technical assistance as required to assure proper placement.



	3.7 CURING AND PROTECTION
	A. Protect concrete from premature drying, excessively hot or cold temperatures, and mechanical injury immediately after placement, and maintain with minimal moisture loss at relatively constant temperature for period necessary for hydration of cement...
	1. Follow recommendations of ACI 308.1 except as modified herein.
	2. All traffic shall be kept from the surface as necessary to protect the concrete but not less than the first 48 HRS of curing.

	B. For surfaces of non-water bearing structures, apply one of the following curing procedures immediately after completion of placement and finishing (surfaces not in contact with forms).
	1. Ponding or continuous sprinkling.  Take care to avoid eroding the surface of freshly placed concrete.
	2. Application of wet Absorbent Covers:
	a. Minimum lap:  12 IN.
	b. Provide continuous uniform supply of moisture, such as sprinklers or soaker hoses as required to keep concrete surface continuously wet.
	c. Monitor Absorbent Covers as required to prevent cover materials or concrete surface from drying out.

	3. Application of sand kept continuously wet.
	4. Continuous application of steam (not exceeding 150 DEGF) or mist spray.
	5. Application of Moisture Retaining Cover sheet materials.
	a. Place as soon as possible after final finishing and without marring the surface.
	b. Minimum lap:  12 IN.
	c. Seal all edges to make water-tight.
	d. Place Moisture Retaining Cover in intimate contact with the concrete surface, without wrinkles and weighted to hold in place.
	e. Hold cover and edges in place as required to prevent wind from displacing the cover.
	f. Moisture Retaining Fabric:
	1) Install in accordance with manufacturer’s written recommendations.
	2) Saturate concrete surface and fabric side of cover immediately prior to placing.

	g. Monitor continuously during the curing period:
	1) Repair any holes, tears or displaced cover.
	2) Rewet as required to keep concrete moist under cover.


	6. Application of other moisture retaining covering as approved by Engineer.
	7. Water used for curing shall be within 20 DEGF of the concrete temperature.
	8. Application of a curing compound.
	a. Apply curing compound in accordance with manufacturer's recommendations immediately after any water sheen, which may develop after finishing, has disappeared from concrete surface.
	b. Do not use on any surface against which additional concrete or other material is to be bonded unless it is proven that curing compound will not prevent bond.
	c. Where a vertical surface is cured with a curing compound, the vertical surface shall be covered with a minimum of two coats of the curing compound.
	1) Apply the first coat of curing compound to a vertical surface immediately after form removal.
	2) The vertical concrete surface at the time of receiving the first coat shall be damp with no free water on the surface.
	3) Allow the preceding coat to completely dry prior to applying the next coat.
	4) A vertical surface:  Any surface steeper than 1 vertical to 4 horizontal.

	d. Curing compounds used in water treatment plant construction shall be non-toxic and taste and odor free, and NSF approved.
	1) Alternately, all tank surfaces shall be cleaned to remove non-NSF approved curing compound without damaging the concrete finish.


	9. Surfaces In Contact with Forms:
	a. Formed surfaces:  Cure formed concrete surfaces utilizing final curing methods per ACI 308.1, including underside of beams, supported slabs, and other similar surfaces,
	1) See Section 03 11 13.

	b. Minimize moisture loss from and temperature gain of concrete placed in forms exposed to heating by sun by keeping forms wet and cool until they can be safely removed.
	c. Make provisions to keep concrete wall moist while stripping forms and until curing measures are in place.
	d. After form removal, cure concrete until end of time prescribed.
	e. Use one of the methods listed above.
	f. Forms left in place shall not be used as a method of curing in hot weather.
	g. The term "hot weather", where used in these specifications, is defined in ACI 305.1.
	h. In hot weather, remove forms from vertical surfaces as soon as concrete has gained sufficient strength so that the formwork is no longer required to support the concrete.


	C. For Surfaces of Water Bearing Structures:
	1. Protect concrete from premature drying, excessively hot or cold temperatures, and mechanical injury immediately after placement, and maintain with minimal moisture loss at relatively constant temperature for period necessary for hydration of cement...
	a. Follow recommendations of ACI 308.1 except as modified herein.
	b. Use Evaporation Retardant to reduce surface moisture evaporation of slabs during concrete placement.  Comply with all the manufacturer’s instructions of use as required to obtain the intended results.

	2. Apply one of the following moist curing procedures immediately after completion of placement and finishing, for concrete surfaces not in contact with forms.
	a. Ponding or continuous sprinkling.
	b. Application of absorptive mats or fabric kept continuously wet and in intimate contact with concrete.
	c. Surfaces shall be covered with a double layer of absorptive mats or fabric, wetted before placing, and overlapped at least 6 IN.
	d. Application of sand kept continuously wet.
	e. Continuous application of steam (not exceeding 150 DEGF) or mist spray.
	f. Ponding and sprinkling in conjunction with application of waterproof sheet materials, conforming to ASTM C171 and only with a program as approved by the Engineer that will keep the surface continuously wet.
	g. Ponding and sprinkling in conjunction with application of other moisture retaining covering as approved and only with a program as approved by the Engineer that will keep the surface continuously wet.

	3. After seven full days of moist curing, application of a curing compound conforming to ASTM C309 or ASTM C1315 may be substituted for moist curing.
	1) Apply curing compound in accordance with manufacturer's recommendations immediately after any water sheen which may develop during moist curing has disappeared from concrete surface.
	2) Do not use on any surface against which additional concrete or other material is to be bonded unless it is proven that curing compound will not prevent bond.
	3) Where a surface is cured with a curing compound, the surface shall be covered with a minimum of two coats of the curing compound, 30 MILS thick each coat.
	a) Apply the first coat of curing compound immediately after form removal or discontinued moist curing and before the surface displays water loss.  Apply in one direction only, covering uniformly to a minimum thickness of 30 MILS.
	b) The concrete surface at the time of receiving the first coat shall be damp with no free water on the surface.
	c) Allow the preceding coat to completely dry prior to applying the next coat.
	d) Apply second coat in direction perpendicular to the first coat application direction, covering uniformly to a minimum thickness of 30 MILS.

	4) Curing compounds used in water treatment plant construction shall be non-toxic and taste and odor free and be NSF approved.
	a) Alternately, all tank surfaces shall be cleaned to remove non-NSF approved curing compound without damaging the concrete finish.



	D. Curing Period:
	1. Continue curing for at least 14 days for all water bearing concrete except high early strength concrete for which period shall be at least three days.
	2. Continue curing for at least seven days for all non- water bearing concrete except Type III, high early strength concrete for which period shall be at least three days.
	a. If one of curing procedures indicated above is used initially, it may be replaced by one of other procedures indicated any time after concrete is seven days old, provided concrete is not permitted to become surface dry during transition.


	E. Cold Weather:
	1. Follow recommendations of ACI 306.1.
	2. Maintain temperature of concrete per ACI 306.1 for a minimum of 72 HRs after concrete is placed, when outdoor temperature is 40 DEGF, or less.
	a. Maximum temperature rate of decrease:  Per ACI 306.1.

	3. Use heating, covering, insulating, or housing of the concrete work to maintain required temperature without injury due to concentration of heat.
	4. Do not use combustion heaters unless precautions are taken to prevent exposure of concrete to exhaust gases which contain carbon dioxide.
	5. Interior slabs in areas intended to be heated shall be adequately protected so that frost does not develop in the supporting subgrade.

	F. Hot Weather:
	1. Follow recommendations of ACI 305.1 and ACI 308.1.
	2. Make provision for cooling forms, reinforcement and concrete, windbreaks, shading, fog spraying, sprinkling, ponding, or wet covering with a light colored material.
	3. Provide protective measures as quickly as concrete hardening and finishing operations will allow.
	4. Maximum temperature rate of decrease:  Per ACI 305.1.

	G. Rate of Temperature Change:
	1. Keep changes in temperature of air immediately adjacent to concrete as uniform as possible, during and immediately following curing period.

	H. Protection from Mechanical Injury:
	1. Protect concrete from damaging mechanical disturbances, such as load stresses, heavy shock, and excessive vibration.
	2. Protect finished concrete surfaces from damage by construction equipment, materials, or methods, and by rain or running water.
	3. Do not load self supporting structures in such a way as to overstress concrete.


	3.8 FIELD QUALITY CONTROL
	A. Special Inspection:
	1. See Section 01 45 33.
	2. See Section 03 05 05.



	CONCRETE FINISHING AND REPAIR OF SURFACE DEFECTS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Concrete finishing and repair of surface defects.
	2. Chemical Sealers.
	3. Polymer Modified Cementitious Coating.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 11 13 - Formwork.
	4. Section 03 31 30 - Concrete, Materials and Proportioning.
	5. Section 03 31 31 - Concrete Mixing, Placing, Jointing and Curing.
	6. Section 09 91 00 - Painting and Protective Coatings.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. CT-13, Concrete Terminology.
	b. 117, Specification for Tolerances for Concrete Construction and Materials.
	c. 303R, Guide to Cast-in-Place Architectural Concrete Practice.
	d. 308, Standard Practice for Curing Concrete.

	2. ASTM International (ASTM):
	a. C109, Standard Test Method for Compressive Strength of Hydraulic Cement Mortars (Using 2-in. Cube Specimens).
	b. C150, Standard Specification for Portland Cement.
	c. C157, Standard Test Method for Length Change of Hardened Hydraulic-Cement Mortar and Concrete.
	d. C309, Standard Specification for Liquid Membrane-Forming Compounds for Curing Concrete.
	e. C666, Standard Test Method for Resistance of Concrete to Rapid Freezing and Thawing.
	f. C779, Standard Test Method for Abrasion Resistance of Horizontal Concrete Surfaces.
	g. C1315, Standard Specification for Liquid Membrane-Forming Compounds Having Special Properties for Curing and Sealing Concrete.
	h. D4258, Standard Practice for Surface Cleaning Concrete for Coating.
	i. D4259, Standard Practice for Abrading Concrete.
	j. E1155, Standard Test Method for Determining F(F) Floor Flatness and F(L) Floor Levelness Numbers.
	k. E1486, Standard Test Method for Determining Floor Tolerances Using Waviness, Wheel Path and Levelness Criteria.

	3. International Concrete Repair Institute (ICRI):
	a. 310.2R, Selecting and Specifying Concrete Surface Preparation for Sealers, Coatings, and Polymer Overlays.

	4. National Council Highway Research Program (NCHRP):
	a. 244, Concrete Sealers for the Protection of Bridge Structures.

	5. The Society for Protective Coatings/NACE International (SSPC/NACE):
	a. SP 13/NACE No. 6, Surface Preparation of Concrete.


	B. Qualifications:
	1. Chemical Sealer CS-2:
	a. Applicator shall be factory trained and approved, in writing, by the manufacturer to apply the product.
	b. Applicator shall have a minimum of five (5) years experience successfully applying materials specified.


	C. Mock-Ups.
	1. General:
	a. Construct additional mock-ups as required until accepted.
	b. Mock-ups constitute minimum standard of quality for actual construction.
	c. Maintain mock-up during construction.
	d. Remove when directed by Engineer.

	2. Construct mock-up for each type of wall finish specified for review and acceptance by Engineer.
	a. Minimum 4 x 4 FT area for each different wall finish specified.
	b. Mock-ups shall include:
	1) Sample of patched tie hole.
	2) Sample of all jointery being used in the walls.

	c. Include mock-up of wall having polymer modified cementitious coating.
	1) Mock-up shall be stepped to show surface preparation, repairs and coating in all stages of application.


	3. Construct mock-up floor slab for review and acceptance by Engineer.
	a. Minimum 10 x 10 FT.



	1.3 DEFINITIONS
	A. Vertical Surface Defects:
	1. Any void in the face of the concrete deeper than 1/8 IN, such as:
	a. Tie holes.
	b. Air pockets (bug holes).
	c. Honeycombs.
	d. Rock holes.

	2. Scabbing:
	a. Scabbing is a defect in which parts of the form face, including release agent, adhere to concrete.

	3. Foreign material embedded in face of concrete.
	4. Fins 1/16 IN or more in height.

	B. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	C. Other words and terms used in this Specification Section are defined in ACI CT-13.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.

	3. Certifications:
	a. Certification of aggregate gradation.
	b. Certification of manufacturer experience qualifications and performance history.
	c. Certification of applicator's qualifications.
	1) Refer to Qualifications paragraph.
	2) Provide manufacturer's written approval of applicators.
	3) Provide references substantiating specialty experience.



	B. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Comply with manufacturer's recommendations and requirements for materials used.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Bonding Agents:
	a. BASF Master Builders Solutions.
	b. Euclid Chemical Co.
	c. Laticrete  - L&M Construction Chemicals.

	2. Chemical Sealers:
	a. BASF Master Builders Solutions.
	b. Euclid Chemical Co.
	c.  Laticrete  - L&M Construction Chemicals.
	d. Tnemec Chemprobe.

	3. Patching Mortar:
	a. BASF Master Builders Solutions.
	b. Euclid Chemical Co.
	c. Laticrete - L&M Construction Chemicals.
	d. Sika Corporation.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Chemical Sealer CS-1:
	1. High solids, water-based solution containing acrylic copolymers.
	a. ASTM C1315, Type I, Class A.
	b. Non-yellowing UV resistant.
	c. VOC Content:  <200 g/L.

	2. USDA approved as a concrete floor sealer.
	3. Euclid Chemical Super Diamond Clear VOX.

	B. Chemical Sealer CS-2:
	1. Water based chemical solution containing a blend of silicate and siliconate polymers designed to seal, harden and dustproof concrete floors.
	2. VOC Content:  0 g/L.
	3. Performance of treated concrete floor:
	a. Coefficient of Friction:
	1) Dry:  0.81.
	2) Wet:  0.72.

	b. Liquid repellency, RILEM Method 11.4:
	1) ≥ 1 mL.


	4. Euclid Chemical Euco Diamond Hard.

	C. Patching Mortar:  Trowelable cementitious repair mortar for vertical, overhead, and horizontal repairs.
	1. Portland cement-based, rapid set repair mortar for interior or exterior use.
	2. Compressive Strength, ASTM C109:
	a. Minimum 3000 PSI at 7 days.
	b. Minimum 5000 PSI at 28 days.

	3. Freeze Thaw Durability, ASTM C666:  96.75 PCT at 300 Cycles.
	4. Shrinkage, ASTM C157:  0.069 PCT.
	5. Euclid Chemical Speed Crete Red Line.

	D. Bonding Agents:
	1. For use only on concrete surfaces not receiving liquid water repellent coating:
	a. High solids acrylic latex base liquid for interior or exterior application as a bonding agent to improve adhesion and mechanical properties of concrete patching mortars.
	1) BASF Master Builders MasterEmaco A 660.
	2) Euclid Chemical Co. Flex-Con.
	3) Laticrete L&M Everbond.


	2. For use only on concrete surface receiving liquid water repellent:
	a. Non-acrylic base liquid for interior or exterior application as a bonding agent to improve adhesion and mechanical properties of concrete patching mortars.


	E. Cement:
	1. ASTM C150, Type I Portland.

	F. Aggregate:
	1. Sand:  Maximum size #30 mesh sieve.
	2. For exposed aggregate finish surfaces:  Same as surrounding wall.

	G. Water:  Potable.
	H. Polymer modified cementitious coating:
	1. Polymer modified Portland cement based coating for concrete and masonry.
	a. Waterproof.
	b. Resistant to both positive and negative hydrostatic pressure.
	c. Breathable.

	2. BASF MasterSeal 581 or Euclid Chemical Tamoseal.
	a. Color:
	1) Exterior surfaces:  Standard

	b. Texture:  Fine.


	I. Nonshrink Grout:  See Specification Section 03 31 30 and Specification Section 03 31 31.

	2.3 MIXES
	A. Bonding Grout:  One (1) part cement to one (1) part aggregate.
	B. Patching Mortar:
	1. One (1) part cement to two and one-half (2-1/2) parts aggregate by damp loose volume.
	a. Substitute white Portland cement for a part of gray Portland cement to produce color matching surrounding concrete.




	Part 3 - EXECUTION
	3.1 PREPARATION
	A. For methods of curing, see Specification Section 03 31 31.
	B. Surface Preparation:
	1. Clean surfaces in accordance with ASTM D4258 to remove dust, dirt, form oil, grease, or other contaminants prior to abrasive blasting, chipping, grinding or wire brushing.
	2. Prepare surfaces in accordance with ASTM D4259 and SSPC SP 13/NACE No. 6 to completely open defects down to sound concrete and remove laitance.
	a. Provide concrete surface profile (CSP) in accordance with ICRI 310.2:
	1) Areas to receive Repair Mortar:
	a) Areas larger than 1 SF or deeper than 1/4 IN Abrasive blast, scarify or needle scale to CSP No. 6-8.


	b. If additional chipping or wire brushing is necessary, make edges perpendicular to surface or slightly undercut.
	c. No featheredges will be permitted.
	d. Rinse surface with clean water to remove all dust, dirt, debris, loosened concrete, laitance, and other contaminants.


	C. Preparation of Bonding Grout Mixture:
	1. Mix cement and aggregate.
	2. Mix bonding agent and water together in separate container in accordance with manufacturer's instructions.
	3. Add bonding agent/water mixture to cement/aggregate mixture.
	4. Mix to consistency of thick cream.
	5. Bonding agent itself may be used as bonding grout if approved by manufacturer and Engineer.

	D. Preparation of Patching Mortar Mixture:
	1. Mix specified patching mortar per manufacturer’s published recommendations.
	2. For repairs exceeding 2 IN in depth, mix with clean, pre-dampened 3/8 IN pea gravel in accordance with the manufacturer’s recommendations.

	E. Polymer modified cementitious coating:
	1. Mix in accordance with manufacturer's recommendations using bonding agent acceptable to coating manufacturer.


	3.2 INSTALLATION AND APPLICATION
	A. Do not repair surface defects or apply wall or floor finishes when temperature is or is expected to be below 50 DEGF.
	1. If necessary, enclose and heat area to between 50 and 70 DEGF during repair of surface defects and curing of patching material.
	a. Use only clean fuel, indirect fired heating apparatus.
	b. Exhaust combustion byproducts outside of work area.


	B. Chemical Sealer Application:
	1. General:
	a. Immediately prior to Substantial Completion, thoroughly clean floor in accordance with ASTM D4258 and prepare to receive chemical sealer.
	1) Remove previously applied membrane curing compounds.
	2) Remove soil, oils, stains, discoloration, or any other imperfection having a negative impact on the appearance of the finished floor.

	b. Apply product to floor areas indicated on the Drawings.
	c. Apply in accordance with manufacturer's published installation instructions.

	2. Chemical Sealer (CS-1):
	a. Apply two (2) uniform coats at rate recommended by manufacturer.
	1) Apply using manufacturer’s recommended equipment with a fan-tip nozzle.
	2) Do not allow material to puddle.

	b. Allow first coat to completely dry before applying second coat.
	c. Spotted or mottled appearances will not be accepted.
	d. Provide CS-1 for rooms requiring concrete sealer in the Operations Building and Electrical Buildings as indicated on the Drawings.

	3. Chemical Sealer (CS-2):
	a. Apply two (2) uniform coats at rate recommended by manufacturer.
	1) Scrub the material into the floor using a mechanical scrubber.
	a) Keep the surface wet for not less than 30 minutes.
	b) Continue scrubbing in accordance with manufacturer’s application instructions.
	c) After material has thickened, but not more than 60 minutes after application, remove all excess liquid.

	2) Thoroughly rinse with clean water to remove all residue.
	a) Damp mop with clean water to remove any streaks.
	b) Do not allow residue to dry on floor surface.

	3) Do not track material onto untreated surfaces.

	b. After rinsing, allow floor to dry completely and apply second coat following the same procedures.
	c. Final floor finish shall have uniform sheen without streaking, stains or white residue.
	d. Provide CS-2 for rooms requiring concrete sealer in the High Service Pump Station, Chemical Building, and Maintenance Building as indicated on the Drawings.


	C. Repairing Surface Defects:
	1. This method is to be used on vertical concrete surfaces as indicated in the Concrete Finishes for Vertical Wall Surfaces paragraph of this Specification Section and similar concrete surfaces not otherwise specified to receive another finish or coat...
	a. For surfaces indicated to receive finish or coating other than those specified herein; refer to the applicable Specification Section for surface preparation requirements:
	1) Fluid Applied Waterproofing:  See Specification Section 07 11 14.
	2) High Performance Industrial Coatings: See Specification Section 09 91 00.


	2. Fill and repair surface defects and tie-holes using patching mortar mix specified in the MATERIALS Article in PART 2.
	a. Prime exposed reinforcing steel, embeds or other steel surfaces with primer as recommended by patching mortar manufacturer.
	b. Scrub bond coat:
	1) Wet substrate to a saturated surface dry (SSD) condition.
	2) Mix patching mortar to a scrub coat or slurry consistency per manufacturer’s published recommendations and apply to entire area.

	c. As an alternate to the scrub bond coat, concrete may be primed with manufacturer’s recommended epoxy primer.
	d. Patching Mortar Application:
	1) Mix and apply Patching Mortar per manufacturer’s recommendations within the open time of the product scrub coat or any bonding agents.
	2) Finish to level of surrounding concrete surface utilizing techniques recommended by manufacturer.


	3. Consolidate patching mortar into place and strike off so as to leave patch slightly higher than surrounding surface.
	4. Leave undisturbed until mortar has stiffened before finishing level with surrounding surface.
	a. Do not use steel tools in finishing a patch in a formed wall which will be exposed to view.

	5. Cure patching mortar in accordance with ACI 308.

	D. Concrete Finishes for Vertical Wall Surfaces:
	1. General:
	a. Give concrete surfaces finish as specified below after removal of formwork and repair of surface defects.
	b. Finish numbers not listed are "Not Used".

	2. Finish #1 - As cast rough form finish:
	a. Selected forming materials are not required.
	b. Prepare surface in accordance with the PREPARATION Article in PART 3 of this Specification Section.
	c. Repair the following surface defects using patching mortar specified in PART 2:
	1) Tie holes.
	2) Honeycombs deeper than 1/4 IN.
	3) Air pockets deeper than 1/4 IN.
	4) Rock holes deeper than 1/4 IN.

	d. Chip or rub off fins exceeding 1/4 IN in height.
	e. Provide at unexposed surfaces such as:
	1) Foundations.
	2) Below-grade walls not to be waterproofed.
	3) Concealed surface of concrete back-up wythe in cavity wall construction.


	3. Finish #2 - As cast form finish:
	a. Form facing material shall produce a smooth, hard, uniform texture.
	1) Use forms specified for surfaces exposed to view in accordance with Specification Section 03 11 13.

	b. Prepare surface in accordance with the PREPARATION Article in PART 3 of this Specification Section.
	1) Chip or rub off fins exceeding 1/8 IN in height.
	2) Abrasive blast surfaces in accordance with ASTM D4259 and SSPC SP 13/NACE No. 6 to completely open defects down to sound concrete and remove laitance.
	a) Provide ICRI 310.2 Concrete Surface Profile (CSP) No. 3, minimum across the entire surface.
	(1) For contiguous repair areas larger than 1 SF or deeper than 1/4 IN Abrasive blast, scarify or needle scale to CSP No. 6-8.

	b) If additional chipping or wire brushing is necessary, make edges perpendicular to surface or slightly undercut.
	c) No feather edges will be permitted.

	3) Rinse surface with clean water and allow surface water to evaporate prior to repairing surface defects.
	4) Repair the following surface defects using patching mortar specified in PART 2:
	a) Tie holes.
	b) Honeycombs deeper than 1/4 IN or larger than 1/4 IN DIA.
	c) Air pockets deeper than 1/4 IN or larger than 1/4 IN DIA.
	d) Rock holes deeper than 1/4 IN or larger than 1/4 IN DIA.
	e) Scabbing.

	5) Brush blast repaired areas to match adjacent surface texture.

	c. Provide this finish for:
	1) Underside of horizontal elements adjacent to the finished surface.
	2) Exposed surfaces not specified to receive another finish.


	4. Finish #4 - Polymer modified cementitious coating:
	a. Form facing material shall produce a smooth, hard, uniform texture.
	1) Use forms specified for surfaces exposed to view in accordance with Specification Section 03 11 13.
	2) Comply with ACI 303R for formwork accuracy and form joint handling to prevent grout leakage.

	b. Prepare surface in accordance with the PREPARATION Article in PART 3 of this Specification Section.
	1) Chip or rub off fins exceeding 1/8 IN in height.
	2) Abrasive blast and repair surface defects in accordance with Concrete Finish #2.

	c. Apply decorative coating to entire surface.
	1) As a mixing liquid for the coating, use bonding agent and water mixture as recommended by coating manufacturer.
	2) Apply two (2) coats at 2 LBS per square yard per coat.
	a) During application of first coat, complete fill all voids, depressions or other surface imperfections.


	d. When second coat is set, float to a uniform texture with a sponge float.
	e. Provide this finish on all exposed to view:
	1) Exterior building surfaces not otherwise indicated to receive an Architectural Abrasive Blast Finish.
	2) Interior walls, columns and similar vertical surfaces where indicated on Room Finish Schedule on the Drawings.
	3) Underside of horizontal elements adjacent to the finished surface.

	f. Construct mock-up per the Mock-Ups paragraph in the QUALITY ASSURANCE Article in PART 1 of this Specification Section.


	E. Related Unformed Surfaces (Except Slabs):
	1. Strike smooth and level tops of walls or buttresses, horizontal offsets, and similar unformed surfaces occurring adjacent to formed surfaces after concrete is placed.
	2. Float surface to a texture consistent with that of formed surfaces.
	a. If more than one (1) finish occurs immediately adjacent to unformed surface, provide surface with most stringent formed surface requirement.

	3. Continue treatment uniformly across unformed surfaces.

	F. Concrete Finishes for Horizontal Slab Surfaces:
	1. General:
	a. Tamp concrete to force coarse aggregate down from surface.
	b. Screed with straightedge, eliminate high and low places, bring surface to required finish elevations; slope uniformly to drains.
	c. Dusting of surface with dry cement or sand during finishing processes not permitted.

	2. Unspecified slab finish:
	a. When type of finish is not indicated, use following finishes as applicable:
	1) Surfaces intended to receive bonded applied cementitious applications:  Scratched finish.
	2) Surfaces intended to receive roofing, or waterproofing membranes:  Floated finish.
	3) Floors:  Troweled finish.
	4) Garage floors and ramps:  Broom or belt finish.
	5) Exterior slabs, sidewalks, platforms, steps and landings, and ramps, not covered by other finish materials:  Broom or belt finish.
	6) All slabs to receive a floated finish before final finishing.


	3. Scratched slab finish:  After concrete has been placed, consolidated, struck off, and leveled to a Class B tolerance, roughen surface with stiff brushes or rakes before final set.
	4. Floated finish:
	a. After concrete has been placed, consolidated, struck off, and leveled to a Class B tolerance, do no further work until ready for floating.
	b. Begin floating when water sheen has disappeared and surface has stiffened sufficiently to permit operations.
	1) Use wood or cork float.

	c. During or after first floating, check planeness of entire surface with a 10 FT straightedge applied at not less than two (2) different angles.

	5. Cut down all high spots and fill all low spots to produce a surface with Class B tolerance throughout.
	a. Refloat slab immediately to a uniform texture.

	6. Troweled finish:
	a. Float finish surface to true, even plane.
	b. Power trowel, and finally hand trowel.
	c. First troweling after power troweling shall produce a smooth surface which is relatively free of defects, but which may still show some trowel marks.
	d. Perform additional trowelings by hand after surface has hardened sufficiently.
	e. Final trowel when a ringing sound is produced as trowel is moved over surface.
	f. Thoroughly consolidate surface by hand troweling.
	g. Finish in accordance with the FIELD QUALITY CONTROL Article in PART 3 of this Specification Section.
	1) Leave finished surface essentially free of trowel marks, uniform in texture and appearance.

	h. On surfaces intended to support floor coverings, remove any defects that would show through floor covering.

	7. Broom or belt finish:  Immediately after concrete has received a float finish as specified, give it a transverse scored texture by drawing a broom or burlap belt across surface.
	8. Underside of concrete slab finish:
	a. Match finish as specified for adjacent vertical surfaces.
	b. If more than one (1) finish occurs immediately adjacent to underside of slab surface, provide surface with most stringent formed surface requirement.



	3.3 FIELD QUALITY CONTROL
	A. Tolerances:
	1. Finished floor slabs:
	a. Provide Floor Flatness (FF) and Floor Levelness (FL) in accordance with ACI 117.
	1) Measure in accordance with ASTM E1155.

	b. Slabs not indicated to be sloped:
	1) FF:  Equal or greater than 35.
	2) FL:  Equal or greater than 25.

	c. Slabs indicated to be sloped or curved:
	1) Measure in accordance with ASTM E1486.
	2) Provide slopes or curves as indicated on the Drawings.

	d. Slabs indicated to receive polished concrete floor:
	1) FF:  Equal or greater than 45.
	2) FL:  Equal or greater than 35.
	3) Refer to Room Finish Schedule on Drawings.


	2. Horizontal surfaces other than finished floor slabs, including but not limited to, top of footings, top of walls, concrete fill in tankage, channels and similar applications:
	a. Gap between a 10 FT straightedge placed anywhere and the finished surface shall not exceed:
	1) Class A tolerance:  1/4 IN.
	2) Class B tolerance:  3/8 IN.
	3) Class C tolerance:  1/2 IN.

	b. Accumulated deviation from intended true plane of finished surface shall not exceed 1/2 IN.


	B. Unacceptable finishes shall be replaced or, if approved in writing by Engineer, may be corrected provided strength and appearance are not adversely affected.
	1. High spots to be removed by grinding and/or low spots filled with a patching compound or other remedial measures to match adjacent surfaces.


	3.4 PROTECTION
	A. All horizontal slab surfaces receiving chemical sealer shall be kept free of traffic and loads for minimum of 72 HRS following installation of sealer.


	PRECAST AND PRESTRESSED CONCRETE
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Precast and prestressed concrete.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 05 05 - Testing.
	4. Section 03 21 00 - Reinforcement.
	5. Section 03 31 30 - Concrete, Materials and Proportioning.
	6. Section 09 91 10 – Architectural Painting.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Association of State Highway and Transportation Officials (AASHTO):
	a. HB, Standard Specifications for Highway Bridges.

	2. American Concrete Institute (ACI):
	a. 211.2, Standard Practice for Selecting Proportions for Structural Lightweight Concrete.
	b. 318, Building Code Requirements for Structural Concrete.

	3. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A108, Standard Specification for Steel Bar, Carbon and Alloy, Cold-Finished.
	c. A123/A13M, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
	d. A416, Standard Specification for Steel Strand, Uncoated Seven-Wire for Prestressed Concrete.
	e. A496, Standard Specification for Steel Wire, Deformed, for Concrete Reinforcement.
	f. A1064, Standard Specification for Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for Concrete.
	g. C33, Standard Specification for Concrete Aggregates.
	h. C150, Standard Specification for Portland Cement.
	i. C330, Standard Specification for Lightweight Aggregates for Structural Concrete.
	j. D2240, Standard Test Method for Rubber Property-Durometer Hardness.
	k. E329, Standard Specification for Agencies Engaged in Construction Inspection and/or Testing.

	4. American Welding Society (AWS):
	a. A5.1/A5.1M, Specification for Carbon Steel Electrodes for Shielded Metal Arc Welding.
	b. A5.5/A5.5M, Specification for Low-Alloy Steel Electrodes for Shielded Metal Arc Welding.
	c. D1.1, Structural Welding Code - Steel.
	d. D1.4, Structural Welding Code - Reinforcing Steel.
	e. D1.6, Structural Welding Code – Stainless Steel.

	5. Occupational Safety and Health Administration (OSHA).
	6. Precast/Prestressed Concrete Institute (PCI):
	a. MNL 116, Manual for Quality Control for Plants and Production of Precast and Prestressed Concrete Products.
	b. MNL 120, Design Handbook - Precast and Prestressed Concrete.
	c. MNL 123, Design and Typical Details of Connections for Precast and Prestressed Concrete.

	7. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.



	B. Qualifications:
	1. Provide precast and prestressed concrete units produced by an active member of PCI.
	2. Plant to be certified by the Precast/Prestressed Concrete Institute, Plant Certification Program, as applicable :
	a. Certification Code C1:  Precast Concrete Products.
	b. Certification Code C2:  Precast Hollow Core and Repetitive Products.
	c. Certification Code C3:  Prestressed Straight Strand Structural Members.
	d. Certification Code C4:  Prestressed Deflected Strand Structural Members.
	e. Plant shall have been certified within past year from bid date.

	3. Plant shall be certified by IAS and shall be acceptable to the Building Code Official to assure compliance with approved fabricator Special Inspection requirements in accordance with the Building Code.
	a. Plants that are not certified by IAS or not acceptable to the Building Code Official may be acceptable to work on the Project , provided:
	1) Plant meets all remaining qualifications.
	2) Contractor reimburses the Owner the cost of Special Inspection services.


	4. Provide units manufactured by plant which has regularly and continuously engaged in manufacture of units of same type as those required for a minimum of three (3) years.
	5. Assure manufacturer's testing facilities meet requirements of ASTM E329.
	6. Welding operators and processes to be qualified in accordance with:
	a. AWS D1.1 for welding steel shapes and plates.
	b. AWS D1.4 for welding reinforcing bars.

	7. Welding operators to have passed qualification tests for type of welding required during the previous 12 months prior to commencement of welding.
	8. Engineer for all precast or prestressed members:  Professional Engineer licensed in the State of Texas.
	a. Engineer to have minimum five (5) years experience in design of precast and prestressed members with scope similar to this Project.

	9. Precast erector:
	a. Minimum 3 years experience with projects of similar size and complexity.



	1.3 definitions
	A. Slabs:  May refer to hollow core slabs or solid flat slabs, prestressed or non-prestressed.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Sizes, types and manufacturer of bearing pads.
	d. Hardware to be utilized to support suspended appurtenances.

	3. Shop Drawings and erection plans for precast units, their connections and supports showing:
	a. Member size and location.
	b. Size, configuration, location and quantity of reinforcing bars and prestressing strands.
	c. Initial prestress forces.
	d. Size and location of openings verified by Contractor.
	e. Size, number, and locations of embedded metal items and connections.
	f. Required concrete strengths.
	g. Identification of each unit using same standard marking numbers as used to mark actual units.

	4. Calculations for members and connections designed by fabricator.
	a. Calculations to be sealed by a professional Structural Engineer registered in the State in which the Project is constructed.
	b. Perform calculations using the dead load of the members plus the superimposed uniform and concentrated loads shown on the Drawings and indicated in this Specification Section.
	c. Indicate the following:
	1) Design for maximum moment, maximum shear and maximum torsion.
	2) Final top and bottom flexural stresses resulting from the stresses due to maximum moment and prestress force.
	3) Ultimate moment capacity.
	4) Final top and bottom flexural stresses, ultimate moment capacity, and ultimate shear capacity, if affected, for members with reduced cross sections due to openings or penetrations.
	5) When required on Drawings, a check for no tension in top and bottom of members due to prestress force and member dead load plus superimposed loads indicated on Drawings and in this Specification Section.
	6) Column design for maximum axial load and maximum moment.


	5. Submit test results, when so required on Drawings, showing that embedded connection items will adequately support the indicated loads.
	a. Connection items to have an ultimate load capacity of at least two (2) times the required indicated load.

	6. Concrete mix design(s) including submittal information defined in Specification Section 03 05 05.
	7. Fabricator's quality control documentation for special inspections as required by the Building Code Chapter 17.
	8. Copies of source quality control tests.
	9. Certification of manufacturer's testing facility qualifications.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Headed studs and deformed bar anchors:
	a. Nelson Stud Welding Div., TRW, Inc.
	b. KSM Division, Omark Industries.

	2. Bearing pads:
	a. JVI, Inc.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Embedded Steel Plates and Shapes:
	1. ASTM A36.

	B. Galvanized:  ASTM A123/A123M, minimum 2.0 OZ zinc per square foot of metal surface.
	C. Bearing Pads:
	1. Under slabs:
	a. Plastic bearing strips.
	b. Minimum compressive strength:  8,000 PSI with no fracture at 26,000 PSI.
	c. Korolath of New England, Inc., or equal.

	2. For all other locations:
	a. Random, fiber-reinforced elastomeric pads.
	b. Preformed, randomly oriented synthetic fibers set in elastomer.
	c. Capable of supporting a compressive stress of 3000 PSI with no cracking, splitting, excessive bulging or delaminating in the internal portions of the pad.
	d. Size pad to keep a minimum stress 200 PSI under minimum dead load.
	e. Masticord as manufactured by JVI, Inc., or equal.


	D. Cement:
	1. Comply with ASTM C150, Type I or III.

	E. Aggregates for Normal Weight Concrete:
	1. ASTM C33 with coarse aggregate meeting the gradation for Size 67 as stated in ASTM C33.
	2. Provide aggregates approved for bridge construction by the State Highway Department in the state where the precast units are fabricated or in the state where the Project is located.
	3. All fine aggregate to be natural not manufactured.

	F. Water:
	1. Potable, clean.
	2. Free of oils, acids, and organic matter.

	G. Maximum total chloride ion content contributed from all ingredients of concrete including water, aggregates, cement and admixtures measured as a weight percent of cement to not exceed 0.06 for prestressed concrete and 0.10 for all other precast con...
	H. Prestressing Strands:
	1. Either 250K or 270K high tensile strength uncoated seven (7) wire strand.
	2. Manufacture and test strands in accordance with ASTM A416.

	I. Reinforcing Steel and Welded Wire Reinforcement:  See Specification Section 03 21 00.
	J. Headed Studs:
	1. ASTM A108.
	2. Minimum yield strength:  50,000 PSI.
	3. Minimum tensile strength:  60,000 PSI.

	K. Deformed Bar Anchors:
	1. ASTM A496 or ASTM A1064.
	2. Minimum tensile strength:  80,000 PSI.
	3. Minimum yield strength:  70,000 PSI.

	L. Electrodes:
	1. E70 series conforming to AWS A5.1/A5.1M or AWS A5.5/A5.5M for welding steel shapes and plates.
	2. E90 series conforming to AWS A5.5/A5.5M for welding rebar.

	M. Concrete sand cement grout in keyways between slabs.
	1. See Specification Section 03 31 30.


	2.3 DESIGN
	A. General Design Requirements:
	1. Design units and connections in strict accordance with ACI 318 and the PCI MNL 120.
	2. Design units for spans, dead load of members, dead and live loads indicated on the Drawings with concentrated loads placed in their actual locations.
	a. Verify weights and locations of concentrated loads.

	3. Design units taking into account reduced cross section at openings and penetrations.
	4. Provide all reinforcing in units as indicated.
	a. Where not indicated, design and provide all reinforcing and prestressing strands subject to approval of Engineer.

	5. Due to presence of corrosive atmosphere, design prestressed members where indicated on Drawings for no tension in top and bottom of members resulting from loads indicated on Drawings and in this Specification Section.
	6. Design connections to allow rotation and/or movement as appropriate to avoid damage to connections, supporting members, joint sealants and other building components.
	7. Design double tee flanges to carry all dead and live loads to be placed thereon.
	a. Do not place concentrated equipment loads on flanges but support the loads on the double tee legs.



	2.4 MIXES
	A. See Specification Section 03 31 30.
	B. Do not begin fabrication of units until concrete mix design(s) have been approved by Engineer.

	2.5 FABRICATION
	A. Do not fabricate units until Shop Drawings have been approved by Engineer and returned to Contractor and support locations have been field verified by Contractor.
	B. Manufacture, quality, dimensional and erection tolerances of all units to be in accordance with both PCI MNL 116 and PCI MNL 120.
	C. Cast all members in smooth rigid forms which will provide straight, true members of uniform thickness and uniform color and finish.
	D. Use sand cement grout mixture to fill all air pockets and voids, and to repair chipped edges.
	E. Finish all repairs smooth and to match adjacent surface texture and color.
	F. Where units are to receive concrete topping, provide units having heavy broom finish on top surface for bond.
	1. Provide roughness of top surface to provide bond with topping and design for horizontal shear at topping and unit interface in accordance with requirements of ACI 318, Horizontal Shear Strength paragraph.
	2. Make all other surfaces smooth.

	G. Incorporate embedded plates, angles, and flange welding strips into members at time of manufacture.
	1. Provide embedded items as shown on the Drawings unless prior approval is received from Engineer to do otherwise.
	2. Provide flange welding strips on all flanged edges of all double tee units as indicated on Drawings.
	3. Space strips as shown on Drawings.
	4. Cast lifting handles into units at or near support points.
	a. Remove lifting handles after units are erected.


	H. Cast openings larger than 6 IN SQ or 6 IN DIA in units at time of manufacture.
	1. Make smaller openings by neat cutting or neat drilling by trades requiring them.
	2. Coordinate sizes and locations of all openings before fabrication of units.

	I. Make provisions for support of suspended ceilings, lighting fixtures, ducts, piping, conduits and other suspended work.
	1. When drilled expansion bolts or powder-driven fasteners are approved for use, coordinate prestress strand location with prestress concrete member supplier so that drilled expansion bolts or powder-driven fasteners do not hit or are drilled or drive...
	2. Install powder-driven fasteners by means of a low velocity powder-actuated tool complying with requirements of OSHA.
	a. Assure that the load to be supported by each in place drilled expansion bolt or powder-driven fastener does not exceed the maximum allowable load recommended by the bolt or fastener manufacturer for the concrete strength encountered and for the typ...


	J. Automatically weld headed studs and deformed bar anchors to members to provide full penetration weld between studs, bar anchors and members they are attached to.
	K. Weld steel shapes and plates per AWS D1.1 and reinforcing steel per AWS D1.4.
	L. Minimum concrete compressive strength at time of strand release:  3500 PSI.
	M. Mark each unit as indicated on the erection plans.
	1. Place mark on non-exposed-to-view surface.

	N. Coat or finish ends of exposed prestressing strands to prevent rusting.
	O. Fabricate the following types of precast and prestressed units (all units to be made with normal weight concrete unless noted otherwise on Drawings):
	1. Prestressed hollow core slabs of sizes indicated.
	a. Weight of hollow core slabs not to exceed the following:

	2. Precast items shown on Drawings including but not limited to:
	a. Splash blocks.



	2.6 SOURCE QUALITY CONTROL
	A. During production of precast concrete units, conduct strength tests of concrete placed in units as required in Specification Specification Section 03 05 05 for concrete placed during fabrication.
	1. Results of strength tests to be sent immediately to Engineer, Contractor and Owner.
	2. Test reports to indicate units they represent.

	B. When approved by Engineer, strength tests may be made by precast manufacturer after he has submitted certification that his testing facilities meet the requirements of ASTM E329.
	C. Conduct tests on precast concrete using the following procedures:
	1. If the precast manufacturer’s quality control program requires more frequent or more stringent testing requirements, the manufacturer’s quality control program will take precedence over the specific type of test.
	a. Precast manufacturer to employ services of an independent testing laboratory to perform concrete testing for manufacturer’s production procedures (not listed below) and quality control program.

	2. If the precast fabrication plant is not certified by IAS and acceptable to the Building Code Official, Owner will employ and pay for precast concrete production special inspection.
	a. Coordinate with Owner’s special inspector.
	1) Provide minimum 7 calendar days notice prior to the start of fabrication.
	2) Provide minimum 24 HRS notice prior to fabrication of any precast members.


	3. If precast fabrication plant is certified by IAS and acceptable to the Building Code Official, perform concrete tests as specified in Section 03 05 05.  Frequency of tests:  Per PCI MNL-116 or PCI MNL-117 as applicable.



	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Verify acceptability and location of supports to receive units.
	1. Check bearing surfaces to determine that they are level and uniform.

	B. Verify compressive strengths of concrete and masonry supports.
	1. Do not start erection of units until supports have reached their 28 day required compressive strengths.


	3.2 ERECTION
	A. Sequence erection to provide a balance of loads across beams and columns.
	B. Give consideration to possible lack of stability or capacity of partially completed frame or structure.
	C. Contractor to be responsible for guying, shoring, and bracing of frame, walls and individual members as necessary to resist forces due to wind, erection, or any other source that may occur before structure is completed.
	D. Use only erection equipment adequate for placing units at lines and elevations indicated on Drawings.
	1. Do not damage units or existing construction during erection.
	2. Erect units using lifting handles cast into the units.

	E. Place slabs on continuous 1/4 IN thick Korolath bearing strips so that width equals bearing length -1 IN.
	F. After erection, verify that there is no direct contact between bottom of units and supporting members.
	1. Where direct contact occurs, install additional layers of bearing material to raise units off supports.

	G. Weld steel shapes and plates per AWS D1.1 and reinforcing steel per AWS D1.4.
	H. Fill all keyways between slabs with concrete sand cement grout.
	1. See Specification Section 03 31 30.

	I. After all precast units are erected and all precast unit connections have been made, coat all exposed surfaces of the connections.
	1. See Specification Section 09 91 10.


	3.3 FIELD QUALITY CONTROL
	A. Testing and Special Inspections:  See Section 01 45 33.
	B. Causes for rejection of units include, but are not necessarily limited to the following:
	1. Cracked units.
	2. Chipped, broken, or spalled edges.
	3. Units not within allowable casting tolerances.
	4. Voids or air pockets which, in opinion of Engineer, are too numerous or too large.
	5. Non-uniform finish or appearance.
	6. Low concrete strength.
	7. Improperly placed embedded items and/or openings.
	8. Exposed wire mesh, reinforcing or prestressing strands.



	ARCHITECTURAL PRECAST CONCRETE (APC)
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Furnish labor, materials, tools, equipment, and services for Architectural Precast Concrete (APC) in accordance with provisions of Contract Documents.
	B. Completely coordinate with work of other trades.

	1.2 QUALITY ASSURANCE
	A. Fabricator Qualifications:
	1. Firm experienced in producing architectural precast concrete units similar to those indicated and with a record of successful performance.
	2. PCI Certified for Group A, Category A1-Architectural Cladding and Load Bearing Units.
	3. Capacity to produce required units without delaying Work.
	4. Assume responsibility for engineering of APC units to comply with Building Code requirements as locally adopted.

	B. Engineer Qualifications:
	1. Professional Engineer licensed in the State of Texas.

	C. Erector Qualifications:
	1. Certificate of Compliance furnished by PCI designating qualification in Category A (Architectural Systems) for non-loadbearing members.
	2. Certify welders according to AWS D1.1:  Structural Welding Code – Steel and AWS D1.4:  Structural Welding Code – Reinforcing Steel.

	D. Testing Agency Qualifications:
	1. An independent testing agency, acceptable to authorities having jurisdiction and qualified to conduct the testing indicated.

	E. Reference Standards:
	1. ACI 318 Building Code Requirements for Structural Concrete
	2. PCI MNL117 Manual for Quality Control for Plants and Production of Architectural Precast Concrete Products
	3. ASTM A27/A27M Steel Castings, Carbon for General Application
	4. ASTM A36/A36M Carbon Structural Steel
	5. ASTM A47/A47M Ferritic Malleable Iron Castings
	6. ASTM A108 Steel Bar, Carbon and Alloy, Cold Finished
	7. ASTM A123/A123M Zinc (Hot-Dipped Galvanized) Coatings of Iron and Steel Products
	8.  ASTM A185 Steel Welded Wire Fabric, Plain for Concrete Reinforcement.
	9. ASTM A283/A283M Low and Intermediate Tensile Strength Carbon Steel Plates
	10. ASTM A307 Carbon Steel Bolts, Studs, and Threaded Rod 60,000 PSI Tensile Strength
	11. ASTM A500/A500M Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Rounds and Shapes
	12. ASTM A563 Carbon and Alloy Steel Nuts
	13. ASTM A572/A572M High-Strength Low-Alloy Columbium-Vanadium Structural Steel
	14. ASTM A615/A615M Deformed and Plain Carbon Steel Bars for Concrete Reinforcement
	15. ASTM A1064/A1064M Carbon Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for Concrete
	16. ASTM C33/C33M Concrete Aggregates
	17. ASTM C39/C39M Compressive Strength of Cylindrical Concrete Specimens
	18. ASTM C231/C231M Test for Air Content of Freshly Mixed Concrete by the Pressure Method
	19. ASTM C260/C260M Specifications for Air-Entraining Admixtures for Concrete
	20. ASTM C494/C494M Specifications for Chemical Admixtures for Concrete
	21. ASTM C578 Rigid, Cellular Polystyrene Thermal Insulation
	22. ASTM C642 Test for Density, Absorption, and Voids in Hardened Concrete
	23. ASTM C979/C979M Pigments for Integrally Colored Concrete
	24. ASTM C1107/C110M Standard Specification for Packaged Dry, Hydraulic Cement Grout (Nonshrink)
	25. Building Code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012  Edition including all amendments, referred to herein as Building Code.
	2) International Energy Conservation Code (IECC) 2015 Edition including all amendments.



	F. Testing:
	1. Test one set of cylinders for each 50 cubic yards 38 cubic meters of concrete, but not less than one set for each day's pour.
	a. Test for air content each time cylinders are made, in accordance with ASTM C231.
	b. Test for water absorption in accordance with ASTM C642 or PCI MNL 117.
	c. Test cylinders in accordance with ASTM C39.  One at 7 days and two at 28 days.


	G. Fabrication Tolerances:
	1. Refer to Part 2.

	H. Erection Tolerances:
	1. Refer to Part 3.

	I. Mockup:
	1. After approval of small scale samples, and before fabricating architectural precast concrete units, produce a mockup panel approximately 6 FT by 6 FT, on site.
	2. Locate panels where indicated or as directed.
	3. Incorporate full scale details of architectural features, finishes and textures and color.
	4. Include mockup of joint fillers.
	5. Maintain mockup during construction as a standard for judging the completed Work.
	6. Damage part of an exposed face surface for each finish, color, and texture, and demonstrate adequacy of repair techniques proposed for repair of surface blemishes.
	7. Obtain approval of mockup before starting fabrication.
	8. Remove mockup panels when directed.


	1.3 SUBMITTALS
	A. Shop Drawings:
	1. Detail fabrication and installation of architectural precast concrete units including:
	a. Member locations, plans, elevations, dimensions, shapes and cross sections.
	b. Details at joints, reveals, and surface finish.
	c. Loose and cast-in hardware, connections and anchorage devices.
	d. Locations of dry joints if two-stage casting is proposed.
	e. Sequence of erection for special conditions.
	f. Identification mark on each panel.
	g. Relationship of architectural precast concrete units to adjacent materials.


	B. Samples:
	1. Three, 12 x 12 x 2 IN 300 x 300 x 50 MM, samples, replicating each of the colors and textures indicated, approval of appearance.
	a. Provide samples for each color/texture combination.
	b. Label samples to indicate name of project; fabricator; finish; type, color and source of cement and aggregate.

	2. Mockup Panel on-site:  As described herein.

	C. Project Information:
	1. Test reports signed by certified testing agency.
	2. Design Mixes:  For each concrete mix including compressive strength and water absorption tests.
	3. Design Calculations:
	a. Submit calculations signed and sealed by Specialty Structural Engineer, as described in Quality Assurance, Design Requirements.
	b. Submit concurrent with shop drawings.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Architectural Precast Concrete (APC):
	1. Optional:
	a. Enterprise Precast Concrete.
	b. Coreslab Structures Inc.
	c. Clark Pacific.


	B. Rigid Board Insulation:
	1. Base:
	a. Dow Chemical.

	2. Optional:
	a. Pactiv Building Products.
	b. Owens Corning.


	C. Rust inhibitive paint:
	1. Base:
	a. Tnemec.
	b. ZRC Worldwide.


	D. Other materials listed:
	1. Base:
	a. As indicated.


	E. Other manufacturers desiring approval comply with Section 01 25 13.

	2.2 DESIGN CRITERIA
	A. Comply with ACI 318 and the design recommendations of PCI MNL 120:  PCI Design Handbook – Precast and Prestressed Concrete, applicable to types of architectural precast concrete units indicated.
	B. Design units and connections to satisfy requirements of building codes.
	C. Provide architectural precast concrete units and connections capable of withstanding the following design loads within limits and under conditions indicated:
	1. Include effect from adjacent attached construction.
	2. Wind pressure, and/or earthquake lateral forces.
	3. Dead load of unit plus superimposed loads.
	4. Handling, transportation, and erection forces.
	5. Temperature stresses appropriate for project site and conditions.
	6. Shrinkage stresses.

	D. Design framing system and connections to maintain clearances at openings, to allow for fabrication and construction tolerances, to accommodate live load deflection, shrinkage and creep of primary building structure, and other building movements as ...
	1. Upward and downward movement of L/300 for floors and L/200 for roofs.

	E. Show, by engineering calculations, embedded connections can adequately support anticipated loads.
	F. Design, detail and provide internal reinforcing and embedded connection hardware.
	G. Reinforce units with welded wire fabric or reinforcing bars as needed to satisfy design criteria or provide following minimum reinforcing, whichever is greater:
	1. Unit thickness up to 4 IN 100 MM:  One layer 4 x 4 - W4.0 x W4.0 102x102 -  MW9.1/MW9.1.
	2. Unit thickness over 4 IN 100 MM:  Two layers 4 x 4 - W4.0 x W4.0 102x102 -  MW9.1/MW9.1.

	H. When unit is supported from rigid base, design connections to permit reasonable amount of independent vertical movement of structural frame.
	I. Attach connections placing lateral loads on structural members to elements capable of resisting forces without reinforcing, unless such reinforcing is provided by erector at no additional cost to Owner and in manner acceptable to Architect, unless ...
	J. Design, detail and provide connection hardware and anchors to be set in CIP Concrete and for Structural Steel frames associated with precast unit connections.
	K. Allowable air permeability of completed pre-cast unit shall not exceed 0.004 CFM/SF under a pressure differential of 0.3 IN water gauge when tested in accordance with ASTM E2178.

	2.3 FORM MATERIALS
	A. Forms:
	1. Rigid, dimensionally stable, non-absorptive material, warp and buckle free, that will provide continuous and true precast concrete surfaces within fabrication tolerances indicated.
	2. Non-reactive with concrete and suitable for producing required finishes.

	B. Form Liners:
	1. Units of face design, texture, arrangement, and configuration indicated or to match precast Design Reference Sample.
	2. Provide solid backing and form supports to ensure that form liners remain in place during concrete placement.

	C. Release Agents:
	1. Commercially produced liquid release agent that will not bond with, stain or adversely affect precast concrete surfaces and will not impair subsequent surface or joint treatments of precast concrete.

	D. Surface Retarder:
	1. Chemical set retarder capable of temporarily delaying hardening of newly placed concrete mix to depth of reveal specified.


	2.4 REINFORCING MATERIALS
	A. Suspend reinforcement from back of mold or use bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening reinforcing bars and wire in place.
	B. Reinforcing Bars:
	1. Welded bars:  ASTM A706.

	C. Welded Wire Reinforcement:
	1. Galvanized and chromate wash treated.
	2. Plain:  ASTM A185, flat sheet.


	2.5 CONCRETE MATERIALS
	A. Portland Cement:
	1. ASTM C150, Type I or III.
	2. Same type, brand, and mill source throughout production.
	3. Cement Color:
	a. Face Mixes (portions of units exposed to view):
	1) As necessary to reproduce coloration of specified finishes/color.

	b. Backup mixes (portions of units not exposed to view):
	1) Contractor’s option.



	B. Normal Weight Aggregates:
	1. Comply with ASTM C33 except as modified by PCI MNL 117:
	a. Employ coarse aggregates complying with Class 5S.

	2. Stockpile fine and coarse aggregates for each type of exposed finish from a single source for entire project.
	3. Face Mix Coarse Aggregates:
	a. Selected, hard, and durable; free of material that reacts with cement or causes staining.
	b. Color:  To match selected specified finishes/color.
	c. Gradation:
	1) To match selected specified finishes/color.


	4. Face Mix Fine Aggregates:
	a. Selected, natural or manufactured sand of the same material as coarse aggregate, unless otherwise approved by Architect.
	b. Color:  To match selected specified finishes/color.


	C. Coloring Admixture:
	1. Pigment:  As required by specified finishes/color.
	2. ASTM C979, synthetic or natural mineral oxide pigments or colored water reducing admixtures, temperature stable and non-fading.
	3. Lime and alkali resistant.
	4. Limit type and amount used so as not to reduce quality of concrete.

	D. Water:
	1. Potable; clean, fresh, free from oil, acid, organic matter or other deleterious substances that may affect color, stability, setting, or strength of concrete and complying with chemical limits of PCI MNL 117.

	E. Air Entraining Admixture:
	1. ASTM C260, certified by manufacturer to be compatible with other required admixtures.

	F. Water Reducing Admixture:  ASTM C494, Type A.
	G. Retarding Admixture:  ASTM C494, Type B.
	H. Water Reducing and Retarding Admixture:  ASTM C494, Type D
	I. Water Reducing and Accelerating Admixture:  ASTM C494, Type E.
	J. High Range, Water Reducing Admixture:  ASTM C494, Type F.
	K. High Range, Water Reducing and Retarding Admixture:  ASTM C494, Type G.
	L. Plasticizing Admixture for Flowable Concrete:  ASTM C1017.
	M. Admixtures containing calcium chloride, or more than 0.15 PCT chloride ions or other salts by weight of admixture are not permitted.

	2.6 CARBON STEEL CONNECTION MATERIALS
	A. Carbon Steel Shapes and Plates:
	1. ASTM A36 except silicon content in the range of 0 to 0.03 PCT.
	a. 0.15 to 0.25 PCT for materials to be galvanized.
	b. Steel with chemistry conforming to the formula Si + 2.5P less than or equal to 0.09 is also acceptable.

	2. ASTM A283 for Carbon Steel Plate.

	B. Carbon Steel Headed Studs:
	1. ASTM A108, Grades 1018 through 1020, cold finished and bearing the minimum mechanical properties for studs as indicated under MNL 117, Table 3.2.3.; AWS D1.1, Type A or B, with arc shields.

	C. Malleable Iron Castings:  ASTM A47, Grade 32510 or 35028.
	D. Carbon Steel Castings:  ASTM A27, Grade U-60-30.
	E. High Strength, Low Alloy Structural Steel:
	1. ASTM A572 except silicon content in the range of 0 to 0.03 PCT.
	a. 0.15 to 0.25 PCT for materials to be galvanized.
	b. Steel with chemistry conforming to the formula Si + 2.5P less than or equal to 0.09 is also acceptable.


	F. Carbon Steel Structural Tubing:  ASTM A500, Grade B.
	G. Wrought Carbon Steel Bars:  ASTM A675, Grade 65.
	H. Deformed Steel Wire or Bar Anchors:  ASTM A1064/A1064M or ASTM A706.
	I. Carbon Steel Bolts and Studs:
	1. Hex head bolts and studs:  ASTM A307, Grade A.
	2. Nuts:  ASTM A563, Grade A.
	3. Flat, unhardened steel washers:  ASTM F844.
	4. Headed studs or deformed bar anchors:
	a. Headed studs having minimum tensile strength of 60,000 PSI 415 MPa, minimum yield strength of 52,000 PSI 360 MPa, ASTM A108.
	b. Deformed bar anchors having minimum tensile strength of 80,000 PSI 550 MPa, minimum yield strength of 70,000 PSI 485 MPa, ASTM A1064/A1064M.


	J. High Strength Bolts and Nuts:
	1. Heavy structural steel hex bolts:  ASTM A325 or ASTM A490, Type 1,
	2. Heavy carbon steel hex nuts:  ASTM A563.
	3. Hardened carbon steel washers:  ASTM F436.

	K. Protective Finish:
	1. Exterior steel items and items indicated for galvanizing:
	a. Apply zinc coating by hot dip process according to ASTM A123 after fabrication or ASTM A153 as applicable.



	2.7 BEARING PADS AND OTHER ACCESSORIES
	A. Provide bearing pads for architectural precast concrete units as follows:
	1. Elastomeric Pads:
	a. AASHTO M 251, plain, vulcanized, 100 PCT neoprene.
	b. Surface hardness:  50 to 70 Shore A durometer according to ASTM D2240.
	c. Minimum tensile strength:  2250 PSI 15.5 MPa per ASTM D412.

	2. Fiber Reinforced Elastomeric Pads:
	a. Preformed, randomly oriented synthetic fibers set in elastomer.
	b. Surface hardness:  70 to 90 Shore A durometer according to ASTM D2240.
	c. Capable of supporting a compressive stress of 3300 PSI 27.7 MPa with no cracking, splitting or delaminating in the internal portions of the pad.
	d. Test one specimen for each 200 pads used in the project.

	3. Fabric Reinforced Elastomeric Pads:
	a. Preformed, horizontally layered cotton duck fabric bonded to an elastomer.
	b. Surface hardness:  80 to 100 Shore A durometer according to ASTM D2240.
	c. Conforming to Division II, Section 18.10.2 of AASHTO LRFD Bridge Design Specifications, or Military Specification, MIL-C-882D.

	4. Frictionless Pads:
	a. Teflon, glass fiber reinforced; bonded to stainless or mild steel plates, of type required for in-service stress.

	5.  High-Density Plastic:
	a. Multimonomer, non-leaching, plastic strip


	B. Reglets and Counterflashing:
	1. Specified in Section 07 62 00.
	2. Fabricator to obtain reglet material specified and cast reglets into APC pieces.

	C. Accessories:
	1. Provide clips, hangers, plastic or steel shims, and other accessories required to install architectural precast concrete units.


	2.8 INSULATED PANEL ACCESSORIES
	A. Polyisocyanurate (PISO) Board Insulation:
	1. Rigid cellular polyisocyanurate thermal insulation complying with ASTM C591.
	2. Edges:  Square edges.
	3. Minimum Thermal value per unit thickness (aged):  5.6 R per IN 0.99 R per 25 MM.
	4. Required Thickness:  1.5 IN minimum (minimum R8.55).
	5. Meets minimum IECC insulation requirements.


	2.9 CONCRETE MIX DESIGN
	A. Maximum Water Absorption:
	1. 6 PCT by weight, equal to 14 PCT by volume, tested according to PCI MNL 117.

	B. Air-Entrainment:
	1. Provide concrete containing air-entraining admixture producing air content between 6 and 8 PCT including entrapped air.

	C. Normal Weight Concrete Face and Backup Mixes:
	1. Proportion mixes by either laboratory trial batch or field test data methods according to ACI 211.1, with materials to be used on project, to provide normal weight concrete with the following properties:
	a. Minimum Compressive Strength (28 Days):  5000 PSI 34.5 MPa.
	b. Maximum Water-Cementitious Materials Ratio:  0.45.


	D. Lightweight Concrete (for Backup Mixes only):
	1. Proportion mixes by either laboratory trial batch or field test data methods according to ACI 211.2, with materials to be used on Project, to provide lightweight concrete with the following properties:


	2.10 MOLD FABRICATION
	A. Molds:
	1. Accurately construct molds, mortar tight, of sufficient strength to withstand pressures due to concrete placement and vibration operations and temperature changes and for prestressing and de-tensioning operations.
	2. Coat contact surfaces of molds with release agent before reinforcement is placed.
	3. Avoid contamination of reinforcement and prestressing tendons by release agent.

	B. Form Liners:
	1. Place form liners accurately to provide finished surface texture indicated.
	2. Provide solid backing and supports to maintain stability of liners during placing of concrete.
	3. Coat form liner with form-release agent.

	C. Maintain molds to provide completed architectural precast concrete units of shapes, lines, and dimensions indicated, within fabrication tolerances specified.
	D. Form joints are not permitted on faces exposed to view in the finished work.

	2.11 PANEL FABRICATION
	A. Mark each unit for identification and date of casting.
	B. Locate holes, inserts and other lifting mechanisms in non-finished surfaces.
	C. APC Panel-to-Panel Joints:
	1. Typical:
	a. Unless otherwise shown provide for uniform joint widths of 3/4 IN 19 MM.

	2. Corners:
	a.  3/4 IN 19 MM wide quirk miter joints where panel joint occurs at external angles.


	D. Panel Edge and Corner Treatment:
	1. Uniformly chamfered or as otherwise indicated.

	E. Cast-in Anchors, Inserts, Plates, Angles, and Other Anchorage Hardware:
	1. Fabricate anchorage hardware with sufficient anchorage and embedment to comply with design requirements.
	2. Locate anchorage hardware where it does not affect position of main reinforcement or concrete placement.

	F. Cast-in reglets, slots, holes, and other accessories in architectural precast concrete units as indicated on drawings.
	1. Cast-in openings larger than 10 IN 250 MM in any dimension.
	2. Do not drill or cut prestressing strand.

	G. Reinforcement:
	1. Clean reinforcement of loose rust and mill scale, earth, and other materials that reduce or destroy the bond with concrete.
	2. Accurately position, support and secure reinforcement during concrete placement and consolidation operations.
	a. Completely conceal support devices to prevent exposure on finished surfaces.

	3. Install welded wire reinforcement in lengths as long as practicable.
	a. Lap adjoining pieces at least one full mesh spacing and wire tie laps, where required by design.
	b. Offset laps of adjoining widths to prevent continuous laps in either direction.


	H. Prestress tendons for architectural precast concrete units by either pre-tensioning or post-tensioning methods.
	1. De-tension or post-tension prestressed architectural precast concrete units after concrete has reached its indicated minimum design release compressive strength as established by test cylinders.
	2. Protect strand ends and anchorages to prevent corrosion and rust spots.

	I. Place concrete in a continuous operation to prevent seams or planes of weakness from forming in precast concrete units.
	J. Comply with ACI 305R recommendations for hot weather concrete placement.
	K. Comply with ACI 306.1 procedures for cold weather concrete placement.
	L. Identify pickup points of architectural precast concrete units and orientation in structure with permanent markings as indicated on erection drawings.
	M. Repair damaged architectural precast concrete units to meet acceptability requirements of PCI MNL 117.

	2.12 FABRICATION TOLERANCES
	A. Fabricate architectural precast concrete units straight and true to size and shape with exposed edges and corners precise and true.
	1. Finished units comply with Division 7 of PCI’s MNL 117 product tolerances as well as position tolerances for cast-in items.


	2.13 FINISHES
	A. Panel faces shall be free of joint marks, grain, and other obvious defects.
	B. Corners, including false joints shall be uniform, straight and sharp.
	C. Exposed Face and Edge Surfaces:
	1. Match colors and textures as indicated on drawings and in the section.
	2. As-cast Surface Finish (smooth-off-mold):
	a. Provide surfaces free of excessive air voids, sand streaks, and honeycombs.
	b. Refer to drawings for locations.

	3. Textured Surface Finish:
	a. Impart texture using form liners to provide surfaces free of excessive air voids, sand streaks, and honeycombs, with uniform color and texture.
	b. Basis of Design: Sika Greenstreak - Ribbed sign No. 305.
	c. Refer to drawings for locations.


	D. Finishes of other Exposed Surfaces:
	1. Panel Tops Returns (i.e. parapet and sill):  Finish to match face surface finish.
	2. Panel Bottom Returns (i.e. soffits):  Finish to match face surface finish.
	3. Back of Panel (i.e. interior):  Finish to be steel trowel with light sandblast.

	E. Unexposed surfaces:
	1. Smooth steel trowel finish.


	2.14 SOURCE QUALITY CONTROL
	A. Quality Control Testing:  Test and inspect precast concrete according to PCI MNL 117 requirements.
	1. If using self-consolidating concrete:  Also test and inspect according to PCI Guidelines for the Use of Self-Consolidating Concrete.

	B. Strength of precast concrete units will be considered deficient if units fail to comply with ACI 318 requirements for concrete strength.
	C. Testing:
	1. If there is evidence that the concrete strength of precast concrete units may be deficient or may not comply with ACI 318 requirements, APC Fabricator will employ an independent testing agency to obtain, prepare, and test cores drilled from hardene...
	2. Procedural Requirements:
	a. A minimum of three representative cores will be taken from units of suspect strength, from locations directed by Architect.
	b. Cores will be tested in an air dry condition.
	c. Strength of concrete for each series of 3 cores will be considered satisfactory if the average compressive strength is equal to at least 85 PCT of the 28 day design compressive strength and no single core is less than 75 PCT of the 28 day design co...
	d. Test results will be made in writing on the same day that tests are performed, with copies to Architect, Contractor, and precast concrete fabricator.

	3. Reports:
	a. Test reports will include the following:
	1) Project identification name and number.
	2) Date when tests were performed.
	3) Name of precast concrete fabricator.
	4) Name of concrete testing agency.
	5) Identification letter, name, and type of precast concrete units or units represented by core tests; design compressive strength; type of break; compressive strength at breaks, corrected for length/diameter ratio; and direction of applied load to co...


	4. Patching:
	a. If core test results are satisfactory and precast concrete units comply with requirements, clean and dampen core holes and solidly fill with precast concrete mix that has no coarse aggregate, and finish to match adjacent precast concrete surfaces.


	D. Defective Work:
	1. Architectural precast concrete units that do not comply with acceptability requirements in PCI MNL 117, including concrete strength, manufacturing tolerances, and color and texture range are unacceptable.
	2. Chipped, spalled or cracked units may be repaired, if repaired units match the visual mockup.
	3. The Architect reserves the right to reject any unit if it does not match the accepted samples and visual mockup.
	4. Replace unacceptable units with precast concrete units that comply with requirements.


	2.15 RELATED ITEMS SPECIFIED ELSEWHERE
	A. Cast-in-Place Concrete:  Specified in elsewhere in Division 03.
	B. Structural Steel for connection attachment to structural steel framing:  Specified in Section 05 12 00.
	C. Sheet Metal Flashing and Trim:  Specified in Section 07 62 00.
	D. Backer Rod and Sealants:  As specified in Section 07 92 00.


	Part 3 - EXECUTION
	3.1 EXAMINATION
	A. Examine supporting structural frame or foundation and conditions for compliance with requirements for installation tolerances, true and level bearing surfaces, and other conditions affecting performance.
	1. Proceed with installation only after unsatisfactory conditions have been corrected.
	2. Start of installation constitutes acceptance of surfaces and conditions.

	B. Do not install precast concrete units until supporting cast-in place concrete building structural framing has attained minimum allowable design compressive strength or supporting steel or other structure is structurally ready to receive loads from ...

	3.2 ERECTION
	A. Perform erection under supervision of qualified superintendent.
	B. Employ only skilled and experienced personnel and equipment capable of properly installing units.
	C. Erect architectural precast concrete level, plumb and square within the specified allowable tolerances.
	D. Connect APC units in position by bolting, welding, grouting, or as otherwise indicated on approved erection drawings.
	1. Remove temporary shims, wedges, and spacers as soon as practical after connecting and/or grouting are completed.
	2. Disruption of roof flashing continuity by connections is not permitted; concealment within roof insulation is acceptable.

	E. Welding:
	1. Protect architectural precast concrete units and bearing pads from damage by field welding or cutting operations and provide noncombustible shields as required.
	2. Welds not specified shall be continuous fillet welds, using not less than the minimum fillet as specified by AWS.
	3. Protective Coating Repair:
	a. Clean weld affected metal surfaces with chipping hammer followed by brushing then apply a minimum 0.004 IN 0.1 MM thick coat of galvanized repair paint to galvanized surfaces in conformance with ASTM A780.


	F. Bolted Connections:
	1. At bolted connections, use lock washers, tack welding, or other acceptable means to prevent loosening of nuts after final adjustment.

	G. Grouting Connections:
	1. Grout connections where required or indicated.
	2. Retain grout in place until hard enough to support itself.
	3. Pack spaces with stiff grout material, tamping until voids are completely filled.
	4. Place grout to finish smooth, level, and plumb with adjacent concrete surfaces.
	5. Promptly remove grout material from exposed surfaces before it affects finishes or hardens.


	3.3 ERECTION TOLERANCES
	A. Erect architectural precast concrete units level, plumb, square, true, and in alignment without exceeding the non-cumulative erection tolerances of PCI MNL 117, Appendix I.

	3.4 JOINT SEALANTS
	A. Seal architectural precast concrete work as specified in Section 07 92 00.

	3.5 FIELD QUALITY CONTROL
	A. Testing and Special Inspections: See Section 03 05 05.

	3.6 REPAIRS
	A. Repairs will be permitted provided structural adequacy of units and appearance are not impaired.
	B. Replace units which exhibit damage to surfaces, finish, corners or edges which will be exposed to view after setting in place, or which is broken or cracked due to shrinkage, temperature, transportation, handling or erection.
	1. When approved in writing by Architect, unit may be repaired in place.
	2. Perform such work at no additional expense to Owner.

	C. Acceptance of units, repaired pursuant to written approval, is contingent upon repairs being skillfully done so as to be sound, permanent, flush with adjacent surfaces and of color and texture matching similar adjoining surfaces and indicating no a...
	D. Remove and replace other work damaged by removal of defective precast members, at no additional cost to Owner.
	E. Prepare and repair damaged galvanized coatings with galvanizing repair paint according to ASTM A780.
	F. Remove and replace damaged APC units when repairs do not meet requirements.

	3.7 CLEANING
	A. Clean surfaces of precast concrete to be exposed to view prior to shipping.
	B. Clean mortar, plaster, fireproofing, weld slag, and any other deleterious material from concrete surfaces and adjacent materials immediately.
	C. Clean exposed surfaces of precast concrete units after erection and completion of joint treatment to remove weld marks, other markings, dirt, and stains.
	1. Protect other work from staining or damage due to cleaning operations.
	2. Coordinate cleaning of precast units with cleaning of glass and other work.
	3. Pre-clean soiled surfaces with detergent and water, using stiff fiber brushes and sponges, and rinse with clean water.
	4. Perform cleaning procedures using product specified in Section 04 01 20 or as otherwise recommended by precast concrete fabricator.
	a. Do not use cleaning materials or processes that could change the appearance of exposed concrete finishes or damage adjacent materials.

	5. Start at top of building and proceed downward.
	6. Leave precast units clean, free of traces of cleaning compound and with joints watertight.



	MASONRY CLEANING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Masonry cleaning.

	B. Related Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 04 22 00 - Concrete Masonry.


	1.2 QUALITY ASSURANCE
	A. Qualifications:
	1. Use experienced workmen familiar with product and its application.


	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Manufacturer's application instructions.
	b. Manufacturer's dilution recommendations.
	c. Manufacturer's recommendations on neutralizing rinse.


	B. Certifications:
	1. Certification that Contractor is experienced in this type of masonry cleaning.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Cleaning solution, detergent type:
	a. PROSOCO, Inc.
	b. Diedrich Technologies, Inc.

	2. Cleaning solution for manganese or vanadium stained masonry:
	a. PROSOCO, Inc.
	b. Diedrich Technologies, Inc.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Detergent-Type Cleaning Solution:  PROSOCO, Inc. "Sure Klean #600 IN detergent masonry cleaner.
	B. Manganese or Vanadium-Stained Masonry:  PROSOCO, Inc. "Vanatrol."
	C. Water:  Potable.
	D. Neutralizing rinse as required by manufacturer.

	2.3 MIXES
	A. Dilute cleaning solution with potable water at rate which will provide for the weakest solution allowable for cleaning wall.
	B. If project conditions require solution of greater than 5 PCT acid, obtain permission from Engineer in writing prior to applying solution to wall surface.


	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Allow 7 days after completion of masonry work before start of cleaning.
	B. Remove excess mortar using wooden paddles and scrapers.
	C. Protect adjacent surfaces not to be cleaned.

	3.2 APPLICATION
	A. Protect adjacent surfaces subject to potential damage by cleaning solution.
	B. Apply masonry cleaner to exposed-to-view masonry surfaces.
	1. Do not use wire brushes.
	2. Use only tools free of rust.
	3. Apply solution using fibered wall-washing brush.

	C. Thoroughly rinse and pre-soak walls.
	D. Flush all loose mortar and dirt from surface.
	E. Wet to prevent "run-off" streaking.
	F. Scrape off mortar and reapply cleaning solution.
	G. After scrubbing, clean thoroughly with pressurized water.
	H. Apply neutralizing rinse as recommended by manufacturer.


	MASONRY MORTAR AND GROUT
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Masonry mortar.
	2. Masonry grout.
	3. Integral water repellent admixture.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 31 30 - Concrete, Materials and Proportioning.
	4. Section 04 22 00 - Concrete Masonry.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. C143/C143M, Standard Test Method for Slump of Hydraulic-Cement Concrete.
	b. C144, Standard Specification for Aggregate for Masonry Mortar.
	c. C150/C150M, Standard Specification for Portland Cement.
	d. C207, Standard Specification for Hydrated Lime for Masonry Purposes.
	e. C270, Standard Specification for Mortar for Unit Masonry.
	f. C404, Standard Specification for Aggregates for Masonry Grout.
	g. C476, Standard Specification for Grout for Masonry.
	h. C1019, Standard Test Method for Sampling and Testing Grout.
	i. C1093, Standard Practice for Accreditation of Testing Agencies for Masonry.
	j. C1384, Standard Specification for Admixtures for Masonry Mortars.

	2. Masonry Standards Joint Committee (MSJC):
	a. Specification for Masonry Structures (ACI 530.1/ASCE 6/TMS 602); referred to herein as MSJC Specification.

	3. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.



	B. Qualifications:
	1. Preconstruction Testing Laboratory shall be an independent agency qualified in accordance with ASTM C1093 for performing the testing indicated.
	a. Testing Laboratory shall have a minimum of 10 years experience in the testing of mortar and grout.
	b. Technician conducting tests shall have minimum of five years experience in the testing of mortar and grout.


	C. Mock-Ups:
	1. Provide mortar and grout for mock-up specified in Specification Section 04 22 00.


	1.3 DEFINITIONS
	A. Coarse grout and fine grout are defined by the aggregate size used in accordance with ASTM C476.
	B. Coarse aggregate and fine aggregate are defined in ASTM C404, Table 1.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. General:
	1) Product data for cementitious materials.
	2) Source or producer of aggregates and gradation.
	3) Integral water repellent manufacturer's dosage rate.

	c. Proposed mortar mix design:
	d. Proposed masonry grout mix design.

	3. Test results:
	a. Preconstruction mortar test results.
	b. Preconstruction masonry grout test results.


	B. Samples:
	1. Colored mortar samples for color selection by Engineer.
	a. Color card and plastic simulations are not acceptable.


	C. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Qualifications of testing lab and technician.
	3. Test results and inspection reports per Specification Section 01 45 33.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Store cementitious materials on elevated platforms, under cover, and in a dry location.
	1. Do not use cementitious materials that have become damp.

	B. Store aggregates where grading and other required characteristics can be maintained and contamination avoided.
	C. Deliver preblended, dry mixes in moisture-resistant containers.
	1. Store preblended, dry mixes in delivery containers on elevated platforms, under cover, and in a dry location or in a metal dispensing silo with weatherproof cover.



	Part 2 - PRODUCTS
	2.1 MATERIALS
	A. Portland Cement:
	1. ASTM C150/C150M, Type I or II.
	2. No air entrainment.
	3. Natural color.
	4. Maximum percent of alkalis:  0.60 in accordance with ASTM C150/C150M, Table 2.

	B. Hydrated Lime:
	1. ASTM C207, Type S.
	2. Type SA not acceptable.
	3. Lime substitutes are not acceptable.

	C. Mortar Aggregate:  ASTM C144, free of gypsum.
	D. Grout Aggregate:  ASTM C404.
	E. Water:  Potable.
	F. Mortar Pigments:
	1. Commercial colorants suitably compounded for use in mortar mixes.
	2. Do not exceed manufacturer's recommended pigment-to-cement ratios.

	G. Integral Water Repellent Admixture:
	1. Liquid polymeric admixture:  ASTM C1384.
	2. Verify compatibility with liquid water repellent admixture being used in the fabrication of concrete masonry units.


	2.2 MIXES
	A. Mortar and grout shall comply with MSJC Specification and Building Code.
	B. Type "S" mortar shall be used:
	1. Comply with ASTM C270, Table No. 1, Cement-Lime Mortar.
	a. Do not use masonry cement or mortar cement.
	b. No fly ash additives will be accepted.

	2. Mix materials minimum of three minutes and maximum of five minutes.
	3. Adjust consistency to satisfaction of mason.
	4. Do not use admixtures unless otherwise indicated.
	5. Provide integral water repellent admixture in mortar used for:
	a. Exterior concrete masonry work.
	b. Interior concrete masonry work in wet areas.

	6. Do not use integral water repellent admixture in mortar for brick.

	C. Masonry Grout:
	1. ASTM C476.
	a. Minimum 28-day compressive strength:  2,000 PSI.
	b. Slump:  8 to 11 IN.

	2. Mix 5 minutes minimum.
	3. No admixtures allowed.
	4. At Contractor's option, premixed or preblended grout meeting the above minimum requirements may be used.


	2.3 SOURCE QUALITY CONTROL
	A. Perform preconstruction laboratory tests on proposed masonry mortar and grout prior to start of masonry work.
	1. Perform tests far enough in advance so that any necessary retesting can be accomplished before masonry construction begins.
	a. Test mortar per ASTM C270.
	b. Test grout per ASTM C1019.


	B. Source Limitations for Mortar Materials:
	1. Obtain mortar ingredients of a uniform quality, including color for exposed masonry, from a single manufacturer for each cementitious component and from one source or producer for each aggregate.



	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions and MSJC Specification.
	B. Mortar:
	1. If standard gray mortar begins to stiffen, it may be retempered by adding water and remixing unless prohibited by water repellent admixture manufacturer.
	a. Standard gray mortar shall not be retempered more than one time.
	b. Colored mortar shall not be retempered.

	2. All mortar must be used within 2-1/2 HRS maximum after initial mixing per MSJC Specification.
	3. Engineer reserves right to alter mix design based on initial rate of absorption of masonry units.
	4. Use colored mortar for architectural CMU veneer.

	C. Masonry Grout:
	1. Use grout within 1-1/2 HRS maximum after initial mixing.
	2. Use no grout after it has begun to set.
	3. Do not retemper grout after initial mixing.
	4. Place grout in lifts not exceeding 4 FT.
	5. Use coarse grout in spaces with least dimension over 2 IN.
	6. Consolidate all grout while installing.
	a. Consolidate grout pours 12 IN or less in height by mechanical vibration or by puddling.
	b. Consolidate grout pours exceeding 12 IN in height by mechanical vibration and reconsolidate by mechanical vibration after initial water loss and settlement has occurred.



	3.2 FIELD QUALITY CONTROL
	A. Masonry Mortar and Grout Testing and Inspection:
	1. Testing and inspection services will be provided by the Owner's special masonry inspector.
	a. Do not include in the bid price the cost of these services.

	2. Testing and inspection shall include, but is not limited to:
	a. Observe proportions of site-prepared mortar and grout.
	b. Observe grout space prior to grouting.
	c. Grout compressive strength sampling, testing and reporting per ASTM C1019.
	1) One strength test shall be the average of three specimens from the same sample, tested at 28 days.

	d. Grout slump test sampling, testing, and reporting per ASTM C143/C143M.
	e. Frequency of sampling:  One sample (three specimens) collected each grouting operation during masonry construction.

	3. Reporting:  Special inspector to submit test results and inspection reports per Specification Section 01 45 33.



	MASONRY ACCESSORIES
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Masonry accessories.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 04 22 00 - Concrete Masonry.
	4. Section 05 50 00 - Metal Fabrications.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. A82, Standard Specification for Steel Wire, Plain, for Concrete Reinforcement.
	b. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
	c. A480, Standard Specification for General Requirements for Flat-Rolled Stainless and Heat-Resisting Steel Plate, Sheet, and Strip.
	d. A580, Standard Specification for Stainless Steel Wire.
	e. A666, Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar.
	f. A951, Standard Specification for Steel Wire for Masonry Joint Reinforcement.
	g. A1008, Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, Solution Hardened, and Bake Hardenable.
	h. D412, Standard Test Method for Vulcanized Rubber and Thermoplastic Elastomers - Tension.
	i. D624, Standard Test Method for Tear Strength of Conventional Vulcanized Rubber and Thermoplastic Elastomers.
	j. D2000, Standard Classification System for Rubber Products in Automotive Applications.
	k. D2240, Standard Test Method for Rubber Property—Durometer Hardness.

	2. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2018 Edition including all amendments, referred to herein as Building Code.



	B. Mock-Ups:
	1. Provide specified products for inclusion into mock-up panels required by Specification Section 04 22 00.
	2. Coordinate with built-in items and veneer coursing.


	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Tear resistance of flashing material.
	d. Manufacturer's recommendations for flashing adhesive.
	e. Manufacturer's data sheet on each product.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Weep vents for cavity wall construction:
	a. Heckman Building Products Inc.
	b. Hohmann & Barnard, Inc.
	c. Wire Bond.
	d. Mortar Net USA, Ltd.

	2. Reglets:
	a. Hohmann & Barnard, Inc.
	b. W.  P.  Hickman Co.
	c. Superior Concrete Accessories, Inc.

	3. Masonry anchors, horizontal joint reinforcing and miscellaneous anchors:
	a. Heckman.
	b. Hohmann & Barnard, Inc.
	c. Wire Bond.

	4. Thru wall flashing:
	a. EPDM:
	1) Carlisle Syntech Systems, Inc.
	2) Firestone Building Products Co.


	5. Weep joint mortar protection system:
	a. Mortar Net USA, Ltd.
	b. Hohmann & Barnard, Inc.
	c. Wire Bond.

	6. Preformed control joint inserts:
	a. Hohmann & Barnard, Inc.
	b. Wire Bond.

	7. Grout screen:
	a. Wire Bond.
	b. Heckman Building Products.
	c. Hohmann & Barnard, Inc.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MANUFACTURED UNITS
	A. Thru Wall Flashing:
	1. 40 MIL EPDM manufactured specifically for thru wall flashing.
	a. Tear resistance:  ASTM D624, 150 LB/IN minimum.
	b. Width as necessary.
	1) Provide single piece full width, no horizontal joints will be allowed unless approved in writing by Engineer.

	c. Factory precut wherever possible.
	d. Factory fabricated inside corners, outside corners, and end dams.


	B. Flashing Adhesive:  As recommended by flashing manufacturer for sealing laps, sealing to vertical masonry and concrete surfaces and sealing to stainless steel surfaces.
	C. Weep Vent:
	1. 90 PCT open mesh vent designed to be placed in vertical mortar joint.
	2. Mortar Net USA, Ltd. "Mortar Net Weep Vents."
	3. Color:  Match CMU color.

	D. Reglets:
	1. Products specified are manufactured by Hohmann & Barnard, Inc.
	2. For masonry construction:  Type #MR - Masonry Reglet.
	3. For concrete construction:  Type #CR - Concrete Reglet.

	E. Veneer Anchorage System for  Concrete Masonry Back-up:
	1. Adjustable pintle and plate:
	a. Conform to ASTM A951.
	b. Cold drawn steel wire pintle, ASTM A82.
	c. 14 GA steel plate, ASTM A1008.
	d. Galvanized, ASTM A153/A153M, Class B2.
	e. 3/16 IN DIA wire x length necessary to embed pintle minimum 2 IN into veneer mortar joint.


	F. Horizontal Joint Reinforcing:
	1. General:
	a. Conform to ASTM A951.
	b. Cold drawn steel wire, ASTM A82.
	c. 9 GA side rods.
	d. 9 GA cross rods.
	e. Hot-dipped galvanized, ASTM A153/A153M.
	f. Prefabricated corner and tee sections with minimum length of 30 IN from point of intersection.

	2. Single wythe wall joint reinforcing:  Ladder design.
	3. Cavity wall joint reinforcing with masonry back-up:
	a. Ladder design horizontal joint reinforcing.
	b. Wire eyes welded to horizontal joint reinforcing.
	1) Length as necessary to project through rigid insulation into airspace.

	c. 3/16 IN DIA adjustable pintle veneer anchors.
	1) Length as  necessary to provide minimum 2 IN embed into veneer mortar joint.

	d. Hohmann & Barnard "270 Ladder."


	G. Rigid Steel Masonry Anchors:
	1. 1 IN by 1/4 IN with ends turned up 2 IN.
	2. Hot-dipped galvanized steel, ASTM A153/A153M.
	3. Length:
	a. 24 IN unless noted otherwise.
	b. Where wall conditions such as jambs or other obstructions preclude the use of 24 IN anchors, shorter anchors may be used.


	H. Mesh Wall Ties:
	1. Hot-dipped galvanized steel, ASTM A153/A153M.
	2. 16 GA, 1/2 IN square mesh.
	3. Width:  2 IN less than nominal wall thickness.
	4. Length:  As necessary to embed minimum 6 IN into each wall.

	I. Grout Screen:
	1. Polypropylene monofilament.
	2. 1/4 x 1/4 IN mesh.
	3. Width of grout screen to be 2 IN less than nominal width of CMU.

	J. Weep Joint Mortar Protection System:
	1. 100 PCT recycled polyester.
	2. 90 PCT minimum open weave mesh.
	3. Minimum 10 IN high by full width of air cavity.
	4. Trapezoidal shape.

	K. Preformed Rubber Control Joint Inserts:
	1. ASTM D2000, M2AA-805.
	2. Hardness:  ASTM D2240, Shore A Durometer, 80 +/-5.
	3. Ultimate elongation:  350 PCT, ASTM D412.
	4. Tensile strength:  1000 PSI, ASTM D412.
	5. Hohmann & Barnard #RS Series.



	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Thru Wall Flashing:
	1. Install to provide positive drainage of cavity moisture.
	2. Extend flashing horizontally beyond each edge of lintel or sills to next vertical mortar joint but not less than 4 IN and turn up edge one (1) full veneer course.
	a. Seal all joints.

	3. Where thru wall flashing steps up or down in the wall, provide end dam at step.
	a. End dam shall extend up or down to tie into thru wall flashing step.
	b. Seal all joints for continuous watertight barrier.

	4. At concrete masonry unit back-up, install upper edge of flashing into block joint.
	5. Adhere vertical surface of flashing to back-up wall with adhesive recommended by flashing manufacturer.
	6. Extend flashing minimum of 6 IN above top of weep joint mortar protection system.
	7. Lap and seal flashing at all inside and outside corners to provide continuous uninterrupted barrier.

	C. Weeps:
	1. Provide open weep joints at maximum 16 IN OC in head joint of first course of veneer immediately above thru wall flashing.
	a. Omit mortar bed on top of thru wall flashing at each open weep joint location to allow moisture an unobstructed path to the exterior.
	b. Weep joints shall be not more than 4 IN high.

	2. Provide weep vents maximum 16 IN OC in top of head joint of top course of veneer or as indicated on Drawings.
	a. Do not use weep vents in weep joints at the bottom of the wall.
	b. Set weep vents back away from face of veneer slightly so the front edge of the vent is contained within the mortar joint.


	D. Weep Joint Mortar Protection System:
	1. Install continuous row(s) of material.
	2. Provide multiple thicknesses of material compressed as necessary to completely fill the entire air cavity.
	a. Thickness to be at least 10 PCT wider than air cavity being filled.

	3. Set material directly on top of thru wall flashing.

	E. Butt joints of preformed control joint inserts tightly together and secure with adhesive or sealant acceptable to insert manufacturer.
	F. Anchoring Veneer:
	1. Veneer with concrete block back-up:
	a. Anchor veneer to new construction using horizontal joint reinforcing and adjustable pintle veneer anchors.


	G. Reinforcing Masonry:
	1. General:
	a. Provide continuous horizontal joint reinforcing in all concrete masonry wall construction.
	1) Embed longitudinal side rods in mortar for entire length with minimum cover of 5/8 IN on exterior side of walls and 1/2 IN at other locations.
	a) For interior partitions, the "exterior" side of the wall is considered the side having the most corrosive atmosphere or the corridor side of the wall.

	2) Lap reinforcement minimum of 12 IN at ends.
	a) Remove cross wires on one (1) side of the lap splice and bend the side rods slightly so the lap is provided with 12 IN of uninterrupted wire lap occurring in the same plane.

	3) Do not bridge control joints with horizontal joint reinforcing.
	4) Do not bridge expansion joints with horizontal joint reinforcing.
	5) At corners and wall intersections use prefabricated "L" and "T" horizontal joint reinforcing sections.
	6) Cut and bend as necessary.

	b. Install reinforcing at 16 IN OC vertically unless noted otherwise on Drawings.
	c. Install reinforcing 8 IN OC vertically for a minimum of 24 IN at starter courses.
	1) Do not install horizontal joint reinforcing in veneer mortar joint having through-wall flashing.

	d. In concrete masonry back-up construction, install additional horizontal joint reinforcing and adjustable pintle veneer anchors 16 IN OC in courses on each side of vertical control joints and on each jamb of openings for full height of joint or open...
	1) Alternate with normal wall horizontal joint reinforcing.
	2) Extend reinforcing minimum 32 IN beyond joint or jambs of opening.

	e. In concrete masonry back-up construction, reinforce masonry openings over 12 IN wide with horizontal joint reinforcing and adjustable pintle veneer anchors placed in three (3) horizontal joints above lintel and two (2) horizontal joints below sill.
	1) Extend minimum of 32 IN beyond jambs of opening.


	2. Reinforcing concrete masonry:
	a. Install reinforcing bars where indicated on Drawings.
	1) Provide means necessary to ensure position of vertical steel reinforcing meets requirements of Building Code.

	b. At intersecting load-bearing walls, provide rigid steel anchors 16 IN OC vertically, embed ends in grout filled cores.
	1) Alternate rigid steel anchors with horizontal joint reinforcing.

	c. At intersecting non-load bearing walls or at intersecting load bearing/non-load bearing walls provide mesh wall ties in mortar joint at 16 IN OC vertically.
	1) Extend minimum 6 IN into each wall.
	2) Alternate mesh wall ties with horizontal joint reinforcing.

	d. Anchor intersecting concrete masonry to intersecting cast-in-place or precast concrete using dovetail slots and anchors.
	1) Provide dovetail anchors at 16 IN OC or as noted on Drawings.


	3. Repair all galvanized coatings damaged as a result of welding.
	a. See Specification Section 05 50 00 for galvanizing repair system.

	4. Reinforcing veneer:
	a. Reinforce veneer with joint reinforcement placed in veneer mortar joints:
	1) In new masonry back-up construction alternate veneer horizontal joint reinforcing with horizontal joint reinforcing and adjustable pintle veneer anchors.



	H. Install reglets as walls are being constructed.
	1. Set reglets true with wall, plumb and at consistent depth.

	I. Remove all excess mortar and grout from reglets as walls are being constructed and protect reglet openings from filling with mortar, grout and other construction debris.


	COLD AND HOT WEATHER MASONRY CONSTRUCTION
	Part 1 - GENERAL
	1.1 summary
	A. Section Includes:
	1. Cold weather protection.
	2. Hot weather protection.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Brick Industry Association (BIA):
	a. Technical Note 1, Cold and Hot Weather Construction.

	2. Masonry Standards Joint Committee (MSJC):
	a. Specification for Masonry Structures (ACI 530.1/ASCE 6/TMS 602); referred to herein as MSJC Specification.

	3. National Concrete Masonry Association (NCMA).
	a. TEK 3-1C, All Weather Concrete Masonry Construction.



	1.3 DEFINITIONS
	A. Hot Weather Construction:  Per MSJC Specification, hot weather construction is defined as occurring when ambient temperatures exceed 100 DEGF or 90 DEGF when the wind velocity is greater than 8 MPH.
	B. Cold Weather Construction:  Per MSJC Specification, cold weather construction is defined as occurring when ambient temperature falls below 40 DEGF or when the temperature of the masonry units is below 40 DEGF.


	Part 2 - PRODUCTS - (NOT APPLICABLE TO THIS SPECIFICATION SECTION)
	Part 3 - EXECUTION
	3.1 ERECTION AND APPLICATION
	A. General:
	1. Comply with NCMA TEK 3-1C and BIA Tech Note 1 recommendations and practices.
	2. Do not use frozen or ice coated materials.
	3. At end of each day or at shutdown, cover tops of all walls not enclosed or sheltered with clear polyethylene minimum 6 MIL thick.
	a. Extend down each side of wall minimum of 16 IN and secure.


	B. Temporary Facilities:
	1. Construct and maintain temporary protection required to permit continuous and orderly progress of work.
	2. Provide and maintain heat sufficient to assure temperature above 32 DEGF within protected areas.
	3. Remove all temporary facilities after completion of work.

	C. Cold Weather Construction and Protection Requirements:
	1. Prior to and during installation:
	a. Air temperature 32 to 40 DEGF:  Heat mixing water or aggregate to produce mortar temperatures between 40 and 120 DEGF.
	b. Air temperature 25 to 32 DEGF:
	1) Heat mixing water or aggregate to produce mortar temperatures between 40 and 120 DEGF.
	2) Maintain mortar temperatures above freezing until used.

	c. Air temperature below 25 DEGF:
	1) Heat mixing water and aggregate to produce mortar temperatures between 40 and 120 DEGF.
	2) Maintain mortar temperatures above freezing until used.
	3) Maintain temperature of units until laid at not less than 40 DEGF.
	4) Provide heat on both sides of walls under construction to maintain air temperature above freezing.
	5) Provide windbreaks or shelters when wind is in excess of 15 MPH.
	a) Wind breaks or shelters shall be translucent.



	2. After installation:
	a. Air temperature 32 to 40 DEGF:  Protect from rain or snow for not less than 24 HRS by covering with weather-resistive translucent membrane.
	b. Air temperature 25 to 32 DEGF:  Completely cover with translucent weather-resistive membrane for not less than 24 HRS.
	c. Air temperature 20 to 25 DEGF:  Completely protect with insulating blankets for not less than 24 HRS or provide other protection approved by Engineer.
	d. Air temperature below 20 DEGF:
	1) Provide enclosed translucent shelters and heating to maintain air temperature on each side of wall above 32 DEGF for 24 HRS.
	2) Do not allow rapid drop in temperature after removal of heat.

	e. Promptly repair all tears, holes, etc., to translucent membrane and shelter using compatible patching material and tape as recommended by membrane manufacturer.


	D. Hot Weather Construction and Protection Requirements:
	1. Comply with requirements of NCMA, BIA and MSJC Specification.
	2. Storage and preparation of materials.
	a. Cover or shade masonry units and mortar materials from direct sun.
	b. Maintain sand in a damp loose condition.
	1) Sand moisture shall be maintained at minimum 8 PCT.
	2) Sprinkle with cool water as required to maintain moisture content.

	c. Use cool water for mixing mortars.
	d. Avoid using tools and equipment that have been sitting in the sun.
	1) Sprinkle mortar boards, mortar pans, wheel barrows, mixers, etc., with cool water.

	e. Do not wet concrete masonry units prior to use.

	3. Installation:
	a. Place masonry units within one minute of the spreading of the mortar.
	1) Mortar beds shall not be spread more than 4 FT ahead of the masonry unit being placed.

	b. Provide wind screens and shading partitions as required to eliminate direct sunlight exposure.
	c. Wet installed units using fog spray of clean water.
	d. Cover installed work immediately after installation to slow rate of loss of moisture from units.
	e. Fog-spray new masonry work until damp.
	1) Repeat fog spraying minimum of three times per day until masonry work has cured for 72 HRS.
	2) In high humidity conditions, Engineer reserves the right to discontinue fog spraying if operation is found to be introducing excessive amounts of moisture into the Work.





	CONCRETE MASONRY
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Concrete masonry construction (CMU), including:
	a. Standard concrete masonry.
	b. Split-face masonry.

	2. Integral water repellent admixture.
	3. Masonry special inspection.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 21 00 - Reinforcement.
	4. Section 03 31 30 - Concrete, Materials and Proportioning.
	5. Section 04 01 20 - Masonry Cleaning.
	6. Section 04 05 13 - Masonry Mortar and Grout.
	7. Section 04 05 23 - Masonry Accessories.
	8. Section 04 05 50 - Cold and Hot Weather Masonry Construction.
	9. Section 07 19 00 - Liquid Water Repellent.
	10. Section 07 21 00 - Building Insulation.
	11. Section 07 92 00 - Joint Sealants.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. C33, Standard Specification for Concrete Aggregates.
	b. C55, Standard Specification for Concrete Building Brick.
	c. C90, Standard Specification for Loadbearing Concrete Masonry Units.
	d. C140, Standard Test Methods for Sampling and Testing Concrete Masonry Units and Related Units.
	e. C426, Standard Test Method for Linear Drying Shrinkage of Concrete Masonry Units.
	f. C1357, Standard Test Methods for Evaluating Masonry Bond Strength.
	g. E514, Standard Test Method for Water Penetration and Leakage Through Masonry.

	2. Masonry Standard Joint Committee (MSJC):
	a. Specification for Masonry Structures (ACI 530.1/ASCE 6/TMS 602); referred to herein as MSJC Specification.

	3. National Concrete Masonry Association (NCMA):
	a. TEK 2-3A, Architectural Concrete Masonry Units.
	b. TEK 3-4B, Bracing Concrete Masonry Walls During Construction.
	c. TEK 8-2A, Removal of Stains from Concrete Masonry.
	d. TEK 8-3A, Control and Removal of Efflorescence.

	4. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards,2012  Edition including all amendments, referred to herein as Building Code.


	5. Concrete masonry unit manufacturer shall be licensed or qualified, in writing, by manufacturer of integral water repellent admixture to produce masonry units containing manufacturer's admixture.
	a. Concrete masonry unit manufacturer shall have a minimum of five (5) years experience producing masonry units containing manufacturer's admixture.


	B. Mock-Ups:
	1. Prior to permanent wall construction, construct mock-up.
	a. Construct mock-up on a concrete slab or footing as necessary to demonstrate construction details.
	1) Minimum slab thickness:  4 IN.

	b. Mock-up shall show full color range, texture and bond pattern(s) of all masonry specified.
	c. Mock-up shall be as large as required to properly display all conditions required by the building masonry construction.
	1) Minimum 4 FT high x 8 FT long.
	a) Return corners and intersections minimum 4 FT.

	2) Mock-up shall demonstrate:
	a) Outside corner condition.
	b) Inside corner condition.
	c) Intersection of interior masonry partition.
	d) Jamb condition demonstrating lintel bearing and flashing.
	e) Masonry control joint.


	d. Include all special corners and other special CMU detailing shown on Drawings.
	e. Include all types of masonry shown on Drawings, including:
	1) Pre-colored masonry.
	2) Split-face masonry.

	f. Mock-up shall include, as a minimum:
	1) All types of masonry.
	a) All special shapes.
	b) All types of back-up wall system(s).

	2) Vertical wall reinforcing with grouted cell.
	3) Typical bond beam construction.
	4) Typical lintel construction.
	5) Positioning, securing and lapping of reinforcing steel.
	6) Masonry accessories:
	a) Horizontal joint reinforcing.
	(1) Positioning and lapping of joint reinforcing.

	b) Veneer anchorage system(s).
	c) Thru wall flashing.
	(1) Demonstrate inside and outside corner conditions showing thru wall flashing lapping, jointing and sealing

	d) Weep joint mortar protection system.
	e) Weep joints and weep vents,
	f) Typical control joint construction.
	g) Mesh wall ties.
	h) Rigid steel masonry anchors.

	7) Insulation.
	8) Cleaning of masonry work.


	2. Step construction of mock-up to allow observation of all components.
	3. Mock-up shall constitute minimum standard of quality for actual construction.
	a. Maintain mock-up during construction.

	4. If not acceptable, construct additional mock-ups as required.
	5. Remove when directed by Engineer.

	C. All masonry units of any one (1) particular type, color or face style shall be from the same production run.
	1. Special shapes shall be factory fabricated unless noted otherwise.


	1.3 definitions
	A. Definitions to be in accordance with Standard Unit Nomenclature Table 1, NCMA TEK 2-3A.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Manufacturer's information on aggregate and cement type used in manufacture.
	b. Data sheet on each type of masonry unit, including:
	1) Pre-colored masonry.
	2) Split-face masonry.


	3. Drawings:
	a. Scaled (minimum 1/8 IN per foot) plans showing proposed locations of masonry control joints.
	b. Wall elevations and sections, indicating special shapes, shape part numbers, applicable dimensions.
	c. Detail drawings for:
	1) Precast concrete lintels.
	a) Show profiles, cross-sections, reinforcement and steel components.



	4. Certifications:
	a. Certification that concrete masonry units meet or exceed requirements of standards referenced.
	b. Certification that fire-resistive rated units meet the requirements of the Building Code.
	c. Certification that integral water repellent admixture will not affect the use of coloring processes or alter the actual colors of factory colored masonry units.
	d. Data sheets on integral water repellent admixture being used in masonry unit manufacturing.
	e. Technical bulletins on cleaning masonry containing integral water repellent.
	f. Certification of integral water repellent admixture dosage rates from concrete masonry unit producer.
	g. Concrete masonry producer shall certify that integral liquid water repellent admixture has been provided at dosage rate recommended by admixture manufacturer for use in exterior wall construction.

	5. Qualifications of testing lab and technician.
	6. Test results for all masonry testing.

	B. Samples:
	1. Concrete Masonry Finish Samples:  Manufacturer's complete offering of colors and textures for each type of masonry specified.
	a. Minimum 3 IN SQ samples for initial selection.
	b. Provide two (2) 8 IN SQ samples if each type of masonry selected for final approval.
	c. Samples of standard gray masonry will not be required.


	C. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Deliver units on pallets with tight covers or deliver in cubes and store on dunnage.
	B. Protect units from damage.
	C. Inspect units upon delivery for damage, to assure color match with mock-up or approved samples, dimensional quality, and trueness of unit.
	1. Remove damaged or otherwise unacceptable units from the Project Site.

	D. Store units in accordance with manufacturer's recommendations.


	Part 2 - PRODUCTS
	1. MANUFACTURERSSubject to compliance with the Contract Documents, the following manufacturers are acceptable:Standard masonry units:
	a. Any manufacturer capable of meeting the requirements of this Specification Section.

	2. Integral water repellent admixture:
	a. GCP Applied Technologies, Inc.
	b. ACM Chemistries, Inc.

	2.2 MATERIALS
	A. Cement:  Type I or II Portland, ASTM C150.
	B. Aggregate:  ASTM C33.
	C. Reinforcing Bars:  Refer to Specification Section 03 21 00.
	D. Mortar:  Refer to Specification Section 04 05 13.
	E. Masonry Grout:  Refer to Specification Section 04 05 13.
	F. Masonry Accessories:  Refer to Specification Section 04 05 23.
	G. Insulation:  Refer to Specification Section 07 21 00.
	H. Sealants:  Refer to Specification Section 07 92 00.
	I. Integral Concrete Masonry Water Repellent:
	1. Liquid polymeric admixture.
	2. GCP Applied Technologies, Inc., "DRY-BLOCK".


	2.3 MANUFACTURED UNITS
	A. General:
	1. Fire resistive units:  Fabricate to meet the Building Code.
	2. Fabricated in the manufacturing plant.
	3. Provide square corners unless noted otherwise.

	B. Concrete Masonry Units:
	1. Modular units:  ASTM C90.
	a. Normal weight units:  Minimum of 125 LB/CF.
	b. Light weight or medium weight units are not acceptable.
	c. Size:
	1) Interior Units: 8 IN by 8 IN by 16 IN
	2) Chemical Building Screen Wall: 12 IN by 8 IN by 16 IN
	a) Texture: Smooth and split face.  Refere to drawings for locations.

	3) Architectural veneer units:  ASTM C1634, Normal weight.
	a) Texture:  Smooth and split face.  Refer to drawings for locations.
	b) Size: Nominal 4 IN by 8 IN by 16 IN and 4 IN by 4 IN by 16 IN.  Refer to drawings for locations.



	2. Color:
	a. Interior units:  Standard gray.
	b. Exposed veneer exterior units:  Precolored, to be selected from manufacturer standard and premium color..
	c. Chemical Building Screen Wall: Precolored, to be selected from manufacturer standard and premium color.

	3. Design compressive strength:  f'm=1,500 PSI minimum.
	a. Determine in accordance with MSJC Specification.
	1) Unit strength method, sampled and tested in accordance with ASTM C140.


	4. Provide masonry units manufactured with integral water repellent admixture for the following exposures:
	a. Exterior veneer.
	b. Exterior single-wythe construction.
	c. Exterior composite wall construction.
	d. Interior areas defined as wet and/or corrosive.
	1) See Specification Section 07 92 00 for definition of wet and/or corrosive areas.


	5. Special shapes and faces:
	a. Corner units.
	1) Corner units used in veneer wythe shall have a finished return leg one-half the length of a standard modular stretcher unit.
	2) Corner units shall maintain regular modular masonry coursing.

	b. Finished end units.
	c. Other special shapes as indicated on Drawings or necessary to maintain coursing.



	2.4 PERFORMANCE AND DESIGN REQUIREMENTS:
	A. Integral Concrete Masonry Water Repellent:
	1. Water permeance of masonry:  Capable of achieving a Class E Rating when evaluated using ASTM E514 with the test extended to 72 HRS, using the rating criteria specified in ASTM E514.
	2. Flexural bond strength of masonry:  An increase of 10 PCT, minimum, in masonry flexural bond strength shall occur as a result of adding integral water-repellent concrete masonry and mortar admixtures when compared to a control (containing no admixt...
	3. Compressive strength validation shall be per unit strength method.
	4. Drying shrinkage of masonry:  Maximum 5 PCT increase in drying shrinkage of the concrete masonry units shall occur as a result of adding integral water repellent concrete masonry admixture when compared to a control (containing no admixtures) concr...
	5. Grout shear bond strength:  Maximum 5 PCT decrease in grout shear bond strength shall occur as a result of adding integral water repellent admixture to the concrete masonry units when compared to a control (containing no admixtures).



	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Verify that anchors and flashings are correct.
	B. Lay out walls in advance for uniform and accurate spacing of bond patterns and joints.
	1. Properly locate openings, movement type joints, returns, and offsets weep joints and weep vents.


	3.2 INSTALLATION
	A. General:
	1. Build in flashing, reinforcing, reglets, weeps, weep vents and related accessory items.
	a. See Specification Section 04 05 23 for installation of accessory items.

	2. Perform all cutting using masonry saw blades.
	3. Drill holes using masonry drill bits or core drill.
	a. Holes made by chipping unit will not be accepted.

	4. Install field units in running bond, unless noted otherwise.
	a. Provide special coursing where indicated on the Drawings.

	5. Install units in running bond as shown on Drawings.
	6. Cut as required to maintain bond pattern.
	7. Use solid units where cutting or laying would expose holes and as noted on Drawings.
	8. Avoid use of less than half size units, whenever possible.
	9. Do not use chipped, cracked, spalled, stained or imperfect units exposed in finish work.
	10. Provide units of uniform color, within the range demonstrated on the approved mock-up.
	11. Do not wet concrete masonry units.
	12. Build chases and recesses as indicated and required for work of other trades.
	a. Provide not less than 8 IN of masonry between chase or recess and jamb of openings, and between adjacent chases and recesses unless detailed otherwise on the Drawings.

	13. In fire-resistive rated wall construction, install fire resistive units in accordance with the Building Code.

	B. Concrete Masonry Units:
	1. Grout solid all cells containing steel reinforcing and as indicated on Drawings.
	a. Refer to Specification Section 04 05 13 for grouting.


	C. Laying and Tooling:
	1. Lay masonry units with completely filled bed and head joints.
	a. Provide full mortar bed on all block cross webs and completely fill head joints.
	1) Do not slush head joints.
	2) Protect cells requiring grout fill from mortar droppings.
	3) Omit mortar from head joint at weep joint opening.

	b. In cavity wall construction, taper mortar on inside edge of veneer and outside edge of masonry back-up to prevent mortar from falling into cavity.
	c. Protect cavity during laying of masonry as required to prevent mortar droppings from filling cavity.
	d. Install weep joint mortar protection system in cavity per Specification Section 04 05 23.

	2. Maintain nominal 3/8 IN joint widths.
	a. Cut joints flush where concealed.
	b. Tool exposed joints concave.
	c. Compress mortar in below ground joints and in joints concealed by insulation in cavity wall construction.
	d. Provide wider joints where noted on Drawings.
	1) In no case shall any mortar joint be more than 3/4 IN wide.

	e. Where masonry sits on top of steel support omit the mortar joint on top of the support and sit masonry directly on top of the thru wall flashing or the steel support member unless a mortar joint is required to maintain coursing.

	3. During tooling of joints, enlarge any voids or holes except weeps, and completely fill with mortar.
	4. Point-up all joints at corners, openings, and adjacent work to provide neat, uniform appearance.
	5. Remove masonry disturbed after laying.
	a. Clean and relay in fresh mortar.
	b. Do not pound units to fit.
	c. If adjustments are required, remove units, clean, and reset in fresh mortar.

	6. Where work is stopped and later resumed, rack back 1/2 masonry unit length in each course.
	a. Remove loose units and mortar prior to laying fresh masonry.

	7. As work progresses, build in items indicated on Drawings and specified.
	a. Fill in solidly with mortar around built-in items.
	b. Where built-in items are to be embedded in cores of hollow masonry units, place grout screen in joint below and fill core solid with mortar.


	D. Control Joints and Sealants:
	1. Provide vertical expansion, control and isolation joints where indicated on Drawings.
	2. Where not indicated on Drawings, submit proposed control joint locations in accordance with the following requirements:
	a. Provide control joints at maximum 24 FT OC.
	b. Provide at all T intersections.
	c. Locate joints so as to allow lintels and bond beams above and below openings to extend beyond the opening as indicated on the Drawings without control joints thru the lintel or bond beam.

	3. Rake out mortar in joint.
	4. Refer to Specification Section 07 92 00 for sealant installation requirements.
	a. Seal control and expansion joints.


	E. Tolerances:
	1. Maximum variation from plumb in vertical lines and surfaces of columns, walls, and arises:
	a. 1/4 IN in 10 FT.
	b. 3/8 IN in a story height not to exceed 20 FT.
	c. 1/2 IN in 40 FT or more.

	2. Maximum variation from plumb for external corners, expansion joints, and other conspicuous lines:
	a. 1/4 IN in any story or 20 FT maximum.
	b. 1/2 IN in 40 FT or more.

	3. Maximum variation from level of grades for exposed lintels, sills, parapets, horizontal grooves, and other conspicuous lines:
	a. 1/4 IN in any bay or 20 FT.
	b. 1/2 IN in 40 FT or more.

	4. Maximum variation from plan location of related portions of columns, walls, and partitions:
	a. 1/2 IN in any bay or 20 FT.
	b. 3/4 IN in 40 FT or more.

	5. Maximum variation in cross-sectional dimensions of columns and thicknesses of walls from dimensions shown on Drawings:
	a. Minus 1/4 IN.
	b. Plus 1/2 IN.

	6. Maximum variation in mortar joint width:
	a. Bed joints:  3/32 IN in 10 FT.
	b. Head joints:
	1) Minus 1/8 IN.
	2) Plus 1/8 IN.



	F. Protect against weather when work is not in progress.
	1. During inclement weather conditions, cover top of walls with translucent waterproof membrane.
	2. See Specification Section 04 05 50.

	G. Protect against cold/hot weather as specified in Specification Section 04 05 50.

	3.3 FIELD QUALITY CONTROL
	A. Bracing Concrete Masonry Walls During Construction:
	1. At a minimum, provide bracing in accordance with NCMA TEK 3-4B.
	2. Contractor is responsible for adequately bracing all masonry during construction.

	B. Remove and replace loose, stained, damaged and other unacceptable units as directed by Engineer.
	1. Provide new units to match.
	2. Install in fresh mortar.
	3. Point to eliminate evidence of replacement.

	C. Special Masonry Inspection:
	1. Masonry inspection services will be provided during the following construction activities:
	a. Cost of masonry inspection services will be paid by Owner.
	b. During laying of units:
	1) During the first day of the masonry construction, inspect proportions of site prepared mortar, construction of mortar joints, location of all reinforcing and connectors, size and location of structural elements, type, size and location of anchors, ...
	2) Inspection to be continuous the first full day of masonry construction which requires special inspection.
	a) Thereafter, a minimum of 3 HRS every third day of construction until the concrete masonry work is complete.

	3) Inspection while laying masonry units may be made concurrently with other inspection duties provided all inspection duties are adequately performed.
	4) When deficiencies are found, additional inspection shall be provided as required until deficiencies have been corrected.
	5) If masonry crews change, an additional full day of inspection is required during the first day the new crew is on-site.

	c. Placement of reinforcing steel:
	1) Verification of all reinforcing including size, grade, lap lengths, and type.
	2) Inspection may be periodic as required to verify all reinforcing.
	3) Inspector to be present during the concrete pour in which any dowels connecting concrete to masonry are cast.
	a) Inspector to verify proper location of dowels.


	d. Prior to each grouting operation, verify that grout space is clean, reinforcing is clean and connectors are properly placed, proportions of site-prepared grout are correct and mortar joints have been properly constructed.
	1) Inspection may be periodic as required to verify proper grout space.

	e. Verify compliance with Building Code and Specifications continuously during all grouting operations.
	f. Provide special inspection in accordance with the MSJC Specification Level C Quality Assurance including observation of masonry work for conformance to the Contract Documents:
	1) Provide inspection reports to the Engineer, Building Official and Owner.
	a) Notify Contractor of discrepancies for correction.
	b) Notify Engineer, Building Official and Owner, in writing, when discrepancies have been satisfactorily corrected.

	2) Submit final signed report stating that work requiring special inspection was, to the best of the inspector's knowledge, in conformance to the Contract Documents and the applicable workmanship previsions of the Building Code.




	3.4 CLEANING
	A. Clean concrete masonry as the wall is being constructed using fiber brushes, wooden paddles and scrapers.
	1. Do not use metal tools or wire brushes.
	2. No acid-based cleaning solutions shall be used unless approved in writing by Engineer.

	B. Remove dirt and stains in accordance NCMA TEK 8-2A.
	C. Remove primary efflorescence in accordance with NCMA TEK 8-3A.


	STRUCTURAL STEEL
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Structural steel, including the fabrication and erection of support and bracing members, including connections.
	2. Connection detail design as required.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 15 19 - Anchorage to Concrete.
	4. Section 09 91 00 - Painting and Protective Coatings.
	5.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Institute of Steel Construction (AISC):
	a. 303, Code of Standard Practice for Steel Buildings and Bridges.
	b. 360, Specifications for Structural Steel Buildings.
	c. Quality Certification Program for Fabricators.

	2. American Society of Mechanical Engineers (ASME):
	a. B18.21.1, Washers:  Helical Spring-Lock, Tooth Lock, and Plain Washers (Inch Series).

	3. ASTM International (ASTM):
	a. A2, Standard Specification for Carbon Steel Girder Rails of Plain, Grooved, and Guard Types.
	b. A6/A6M, Standard Specification for General Requirements for Rolled Structural Steel Bars, Plates, Shapes, and Sheet Piling.
	c. A36/A36M, Standard Specification for Carbon Structural Steel.
	d. A53/A53M, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless.
	e. A108, Standard Specification for Steel Bar, Carbon and Alloy, Cold-Finished.
	f. A123/A123M, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
	g. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
	h. A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength.
	i. A500/A500M, Standard Specification for Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Rounds and Shapes.
	j. A563, Standard Specification for Carbon and Alloy Steel Nuts.
	k. A992/A992M, Standard Specification for Structural Steel Shapes.
	l. A1064/A1064M, Standard Specification for Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for Concrete.
	m. F436, Standard Specification for Hardened Steel Washers.
	n. F959, Standard Specification for Compressible-Washer-Type Direct Tension Indicators for Use with Structural Fasteners.
	o. F1554, Standard Specification for Anchor Bolts, Steel, 36, 55, and 105-ksi Yield Strength.
	p. F3125, Standard Specification for High Strength Structural Bolts, Steel and Alloy Steel, Heat Treated, 120 ksi (830 MPa) and 150 ksi (1040 MPa) Minimum Tensile Strength, Inch and Metric Dimensions.

	4. American Welding Society (AWS):
	a. A5.1/A5.1M, Specification for Carbon Steel Electrodes for Shielded Metal Arc Welding.
	b. A5.5/A5.5M, Specification for Low-Alloy Steel Electrodes for Shielded Metal Arc Welding.
	c. A5.17/A5.17M, Specification for Carbon Steel Electrodes and Fluxes for Submerged Arc Welding.
	d. A5.18/A5.18M, Specification for Carbon Steel Electrodes and Rods for Gas Shielded Arc Welding.
	e. A5.20/A5.20M, Specification for Carbon Steel Electrodes for Flux Cored Arc Welding.
	f. A5.23/A5.23M, Specification for Low-Alloy Steel Electrodes and Fluxes for Submerged Arc Welding.
	g. A5.28/A5.28M, Specification for Low-Alloy Steel Electrodes and Rods for Gas Shielded Arc Welding.
	h. A5.29/A5.29M, Specification for Low-Alloy Steel Electrodes for Flux Cored Arc Welding.
	i. D1.1/D1.1M, Structural Welding Code - Steel.
	1) Steel stud connectors and their installation to comply with requirements of AWS D1.1/D1.1M.


	5. National Institute of Steel Detailing (NISD).
	6. Research Council on Structural Connections (RCSC):
	a. Specification for Structural Joints Using High-Strength Bolts.

	7. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.



	B. Qualifications:
	1. Steel fabricator:
	a. Minimum of 10 years experience in fabrication of structural steel and participate in the AISC Certification program and is designated an AISC Certified Plant, Category BU (formally known as STD), SBR at time of bid.
	b. Fabricator plant quality control and inspection program:  Meet requirements of the Building Code and/or be an Approved Fabricator.
	c. Plants that are not an Approved Fabricator may be acceptable, provided:
	1) Plant meets all remaining qualifications.
	2) Contractor reimburses the Owner the cost of required Special Inspection services.


	2. Steel erector:
	a. Minimum of 10 years of experience in erection of structural steel similar in the scope of this project or certified as CSE under the AISC Quality Certification Program.
	b. With an active and enforced quality assurance program in place, as described in the applicable Codes.

	3. Qualify welding procedures and welding operators in accordance with AWS.


	1.3 definitionS
	A. Owner:  May mean the Owner's Designated Representative for Construction as defined by the AISC 303.
	B. Galvanizing:  Hot-dipped galvanizing per ASTM A153/A153M and/or ASTM A123/A123M with minimum coating of 2.0 OZ of zinc per square foot of metal (average of specimens) unless noted otherwise or dictated by aforementioned standards.
	C. Approved Fabricator:  Approved by the Building Official to perform the Building Code required Special Inspections.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Detailed supplemental specification relating to load indicator washers or high-strength bolts.
	1) Alternate design for Engineer approval (submitted at Contractor's option if desired by Contractor for use).

	d. Source and certification of quality for high-strength bolts, nuts and washers.

	3. Fabrication and/or layout drawings:
	a. Prepare Shop Drawings under NISD Quality Procedures Program certification.
	b. Complete Shop Drawings for all of the work showing clearly all pieces, sizes, dimensions, details, connections materials and shop coatings.
	1) All Shop Drawings must be checked and signed "approved" before submittal.
	2) Show all cuts, copes, and holes.
	3) Indicate all shop and field bolts.
	4) Indicate all shop and field welds using AWS symbols.

	c. Prepare complete erection drawings showing the location and marks of all pieces.
	1) Copies of up-to-date erection drawings shall accompany the Shop Drawings.
	2) Use match marks on the erection drawings to indicate the sheet number on which each particular member is detailed.

	d. Correct any incorrect or unacceptable material or fabrication due to incorrect detailing, shop work, or erection, without additional charge.

	4. Certifications:
	a. Certificates of compliance with standards specified for all major components and fasteners incorporated into work.
	b. Copies of current welding certificates for each welder assigned to perform welding indicating compliance with testing specified by AWS.
	c. Welder qualification data and prequalified procedures.
	d. Special Inspections reports.
	e. Source Quality Control Documentation, including certificate of compliance stating that the work performed in the fabrication shop was done in accordance with the approved construction documents.
	1) Certification is required only if the fabricator is fabricator approved by the Building Official.


	5. Test reports:
	a. Certified copies of mill tests.
	b. Manufacturer's load test and temperature sensitivity data for post-installed anchor bolts.
	c. Test reports for all structural steel work.



	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Handle and store steel members above ground on skids or other supports.
	1. Keep free of dirt and other foreign material and protect against corrosion.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. High-strength bolts:
	a. Portland Bolt and Manufacturing Company.
	b. Lewis Bolt & Nut Company.
	c. Nucor Fasteners.
	d. St. Louis Screw and Bolt Company.

	2. Load indicator washers for high-strength bolts:
	a. Portland Bolt and Manufacturing Company.
	b. Mid-South Bolt and Screw Co., Inc.
	c. J and M Turner, Inc.

	3. Alternate design high-strength bolts:
	a. T.  C.  Bolt Corporation.
	b. Construction Fastener Systems Division of Bristol Machine Company.
	c. LeJuene Bolt Co.

	4. Headed studs and deformed bar anchors:
	a. Nelson Stud Welding Division, TRW, Inc.
	b. Stud Welding Products, Inc.

	5. Mechanical anchor bolts:
	a. See Section 03 15 19.

	6. Adhesive anchors bolts:
	a. See Section 03 15 19

	7. Anchor bolt sleeves:
	a. Sinco/Wilson.

	8. Galvanizing repair paint:
	a. Clearco Products Co., Inc.
	b. ZRC Products.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Steel, Structural Shapes and Plate (unless noted otherwise on Drawings):
	1. All W-shapes and WT-shapes:  ASTM A992/A992M.
	2. All other plates, bars and rolled shapes:  ASTM A36/A36M.

	B. Pipe:  ASTM A53/A53M, Grade B (Type E or S) (Fy=35).
	C. Hollow Structural Sections (HSS):
	1. Round:  ASTM A500/A500M, Grade B (Fy=42).
	2. Square or rectangular:  ASTM A500/A500M, Grade B (Fy=46).

	D. High-Strength Bolts, Nuts and Washers:
	1. ASTM F3125, Grade A325 with ASTM A563 nuts galvanized:
	2. High-strength bolts:
	a. Provide two (2) ASTM F436 washers for all bolts galvanized.
	b. Provide beveled washers at connections of sloped/tapered sections.

	3. High-strength bolts with compressible washer type direct tension indicators (DTI), ASTM F959.
	a. Provide at Contractor's option and subject to approval of Engineer.

	4. Alternate high-strength design:  Provide at Contractor's option and subject to approval of Engineer.

	E. Bolts, Non-high Strength:  ASTM A307, Grade A.
	F. Threaded Rod:  ASTM F1554, Grade 36.
	G. Washers, Plain (for Non-high Strength Bolts):  ASME B18.22.1, Type B.
	H. Welding Electrodes:
	1. Shielded metal arc:  AWS A5.1/A5.1M or AWS A5.5/A5.5M, E70XX or E801X-X.
	2. Submerged arc:  AWS A5.17/A5.17M or AWS A5.23/A5.23M, F7XX-EXXX or F8XX-EXXX-XX.
	3. Gas metal arc:  AWS A5.18/A5.18M, E70S-X or E70U-1 or AWS A5.28/A5.28M, ER80S-XX, E80C-XXX.
	4. Flux cored arc:  AWS A5.20/A5.20M, E7XT-X (except 2, 3, 10, GS), AWS A5.29/A5.29M, E7XT-X or E8XTX-X, E8XTX-XM.

	I. Anchor Rods and Bolts:
	1. See Section 03 15 19.

	J. Headed Studs and Deformed Bar Anchors:
	1. Headed studs:
	a. ASTM A108, complying with AWS D1.1/D1.1M, Section 7, Type B; minimum yield strength 50,000 PSI, minimum tensile strength 60,000 PSI.
	b. Uniform diameter.
	c. Heads:  Concentric and normal to shaft.
	d. Weld end:  Chamfered and solid flux.

	2. Deformed bar anchor:
	a. ASTM A1064/A1064M, complying with AWS D1.1/D1.1M, Section 7, Type C.
	b. Minimum yield strength:  70,000 PSI.
	c. Minimum tensile strength:  80,000 PSI.
	d. Straight, unless indicated otherwise.
	e. Solid flux.

	3. After welding, remove ceramic ferrules and maintain free from any substance which would interfere with function, or prevent bonding to concrete.

	K. Nonshrink Grout:  See Specification Section 03 31 30.
	L. Crane Rails:
	1. Controlled-cooled, open-hearth carbon steel ASCE (American Society of Civil Engineers) rails per ASTM A2, Class A, #1 rails, unless noted otherwise, of size and weight indicated.
	a. Furnish rails with milled tight end joints suitable for crane service, with standard drilling, removable end stops and all related accessories required, including:
	1) Joint bars:  Match rail section and properties, drilled to match rail drilling.
	2) Joint bar bolts and nuts:  High strength.
	3) Hardened washer:  ASTM F436 for bar bolts.
	4) Except as indicated otherwise, two-bolt type fixed or floating rail clamps to suit the conditions, of forged or pressed steel, complete with Grade A325 bolts, reversible fillers, and self-locking nut or nut and lock washer.



	M. Mechanical and Adhesive Anchor Bolts for Fastening to Concrete:
	1. See Specification Section 03 15 19.

	N. Galvanizing Repair Paint:
	1. High zinc dust content paint for regalvanizing welds and abrasions.
	2. ASTM A780.
	3. Zinc content: Minimum 92 PCT in dry film.
	4. ZRC "ZRC Cold Galvanizing" or Clearco "High Performance Zinc Spray."


	2.3 FABRICATION
	A. Comply with requirements of applicable Building Code and AISC 360 with modifications and additional requirements specified herein.
	1. Identify high-strength steel material in fabricated members in accordance with ASTM A6/A6M.

	B. Minimize the amount of field welding.
	1. Shop assemble components into largest size possible commensurate with transportation and handling limitations.
	2. Shop connections:  Bolted with high-strength bolts or welded.

	C. Connection Details:
	1. Provide as a minimum, two (2) 3/4 IN DIA, high-strength bolts for all bolted connections unless otherwise specified.

	D. Provide bearing type connections for all bolted connections, unless otherwise noted.
	E. Field Connections:
	1. Provide bolts for all field connections except where shown otherwise on the Drawings.
	2. Use high-strength bolts unless shown or specified otherwise.
	3. Use of high-strength bolts:  Conform to RCSC Specification for Structural Joints Using High-Strength Bolts.
	4. Unfinished bolts may be used for attaching stair treads to stringers.
	5. If structural steel details (field welds versus shop welds, etc.) shown on design Drawings are not compatible with selected erection procedures, submit proposed modifications for review.
	6. Connections to structural steel provided by others:  Provide all connectors and coordinate location of bolt holes to match connection holes in steel provided by others.

	F. Accurately mill column end bearing surfaces to true plane.
	G. Fabricate and erect beams with non-specified camber in accordance with AISC 360, Chapter L1.
	H. Cut, drill, or punch holes at right angles to surface of metal.
	1. Do not make or enlarge holes by burning.
	2. Make holes clean cut, without torn or ragged edges.
	3. Remove outside burrs resulting from drilling or reaming operations with tool making 1/16 IN bevel.
	4. Provide holes in members to permit connection of work of other trades or contractors.

	I. Make allowance for draw in all cross bracing to provide small amount of initial tension in members.
	J. Make splices only where indicated or where approved.
	K. Wall Girts:
	1. Extend past columns and miter ends unless noted otherwise.
	2. Connect girts to each other at corners unless noted otherwise.

	L. Cope at 45 DEG, corners of stiffener plates at junction of member flanges with webs.
	M. Flame cut bevels for welds, provided such cutting is done automatically.
	1. Leave free of burrs and slag by grinding or planing the cut edges.

	N. Grind smooth all rough welds and sharp steel edges shall be ground to approximately 1/8 IN radius.
	O. Tolerances (unless noted otherwise on Drawings):
	1. When material received from the mill does not satisfy ASTM A6/A6M tolerances for camber, profile, flatness or sweep, Contractor is permitted to perform corrective work by the use of controlled heating, and mechanical straightening, subject to the l...
	2. Fabrication tolerance:
	a. Member length:
	1) Both ends finished for contact bearing:  1/32 IN.
	2) Framing members:  30 FT or less:  1/16 IN. Over 30 FT:  1/8 IN.

	b. Member straightness:
	1) Compression members:  1/1000 of axial length between points laterally supported.
	2) Non-compression members:  ASTM A6/A6M tolerance for wide flange shapes.

	c. Specified member camber (except compression members):
	1) 50 FT or less:  -0/+1/2 IN.
	2) Over 50 FT:  -0/+1/2 IN (plus 1/8 IN per 10 FT over 50 FT).
	3) Members received from mill with 75 PCT of specified camber require no further cambering.
	4) Fabricate beams/trusses without specified camber so after erection, camber is upward.
	5) Measure camber in fabrication shop in unstressed condition.

	d. Use filler plates at bolted splices to take up depth deviation.
	1) At welded joints, adjust weld profile to conform to variation in depth.
	2) Slope weld surface per AWS requirements.

	e. Free finished members from twists, bends and open joints.
	1) Sharp kinks, bends and deviation from the above tolerances are cause for rejection of material.




	2.4 WELDING
	A. Comply with AWS D1.1/D1.1M, and other requirements indicated herein, for all welding, techniques of welding employed, appearance and quality of welds, and methods used to correct defective work.
	1. Qualify joint welding procedures or test in accordance with AWS qualification procedures.

	B. Test and qualify welders, welding operators and tackers in compliance with AWS D1.1/D1.1M for position and type of welding to which they will be assigned.
	1. Conduct tests in presence of approved testing agency.
	2. Certification within previous 12 months will be acceptable, provided samples of the welder's work are satisfactory.

	C. Before Starting Welding:
	1. Carefully plumb and align members in compliance with specified requirements.
	2. Fully tighten all bolts.
	3. Comply with AWS D1.1/D1.1M, Section 5 for assembly and surface preparation.
	4. Preheat base metal to temperature stated in AWS D1.1/D1.1M.
	a. When no preheat temperature is given in AWS D1.1/D1.1M and base metal is below 50 DEGF, preheat base metal to at least 70 DEGF.
	b. Maintain temperature during welding.
	c. Preheat surface of all base metal within distance from point of welding equal to thickness of thicker part being welded or 3 IN, whichever is greater, to specified preheat temperature.
	d. Maintain this temperature during welding.

	5. Mark welds with an identifying mark unique to each welder.

	D. Make flange welds before making web welds.
	E. Where groove welds have back-up plates, make first three (3) passes with 1/8 IN round electrodes.
	1. Use backup plates in accordance with AWS D1.1/D1.1M, extending minimum of 1 IN either side of joint.

	F. Flame cut edges of stiffener plates at shop or field butt weld.
	1. Do not shear.

	G. Grind flush web fillets at webs notched to receive backup plates for flange groove welds.
	H. Low Hydrogen Electrodes:  Dry and store electrodes in compliance with AWS D1.1/D1.1M.
	I. Do not perform welding when ambient temperature is lower than 0 DEGF or where surfaces are wet or exposed to rain, snow, or high wind, or when welders are exposed to inclement conditions.
	J. Headed Studs and Deformed Bar Anchors:
	1. Automatically end welded in accordance with the AWS D1.1/D1.1M and manufacturer's recommendations.
	2. Fillet welding of headed studs and deformed bar anchors is not allowed unless approved by Engineer.

	K. Test in-place studs in accordance with requirements of AWS D1.1/D1.1M to ensure satisfactory welding of studs to members.
	1. Replace studs failing this test.

	L. When headed stud-type shear connectors are to be applied, clean top surface of members to receive studs in shop to remove oil, scale, rust, dirt, and other materials injurious to satisfactory welding.
	1. Do not shop paint or galvanize metal surfaces to receive field applied studs.


	2.5 SHOP COATING
	A. All structural steel shall be hot-dipped galvanized prior to receiving shop coatings. Refer to Specification Section 09 91 10 for specified coatings.
	B. Refer to Specification Section 09 91 00 and coordinate shop primer, surface preparation and coating with field applied primers and coatings where specified.
	C. Provide suitable methods of handling and transporting painted steel to avoid damage to coating.
	D. Do not coat following surfaces:
	1. Machined surfaces, surfaces adjacent to field welds, and surfaces fully embedded in concrete.
	2. All other members for which no coating is specified.
	3. Contact surfaces at bolted slip-critical connections, unless surface condition conforms to the RCSC Specification for Structural Joints Using High-Strength Bolts, Part 3.2.2.

	E. Clean thoroughly all surfaces not coated before shipping.
	1. Remove loose mill scale, rust, dirt, oil and grease.
	2. Protect machined surfaces.


	2.6 SOURCE QUALITY CONTROL
	A. Special Inspection and Testing:
	1. See Specification Section 01 45 33.
	2. If the fabricator is not an Approved Fabricator, Owner will employ the services of an independent testing agency to inspect and test structural steel shop work for compliance with Specifications.
	a. Contractor provides sufficient notification and access so inspection and testing can be accomplished.

	3. Contractor responsible for testing to qualify shop  welders and as needed for Contractor's own quality control to ensure compliance with Contract Documents.

	B. Approved Fabricator or Testing Agency Responsibilities:
	1. Inspect shop and field welding in accordance with AWS D1.1/D1.1M, Section 6 including the following non-destructive testing:
	a. Visually inspect all welds.
	b. In addition to visual inspection, test 50 PCT of full penetration welds and 20 PCT of fillet welds with liquid dye penetrant.
	c. Test 20 PCT of liquid dye penetrant tested full penetration welds with ultrasonic or radiographic testing.

	2. Inspect high-strength bolting in accordance with the RCSC Specification for Structural Joints Using High-Strength Bolts, Section 9.
	a. Verify proper pretension for slip-critical bolted connection only.
	b. Verify direct tension indicator gaps for slip-critical bolted connection only.

	3. Inspect stud welding in accordance with AWS D1.1/D1.1M, Section 7.8.
	4. Prepare and submit inspection and test reports to Engineer.


	2.7 GENERAL
	A. Contractor is solely responsible for safety.
	1. Construction means and methods and sequencing of work is the prerogative of the Contractor.
	2. Take into consideration that full structural capacity of many structural members is not realized until structural assembly is complete; e.g., until slabs, decks, bracing or rigid connections are installed.
	3. Partially complete structural members shall not be loaded without an investigation by the Contractor.
	4. Until all elements of the permanent structure and lateral bracing system are complete, provide temporary bracing designed, furnished, and installed by the Contractor for the partially complete structure.

	B. Adequate temporary bracing to provide safety, stability and to resist all loads to which the partially complete structure may be subjected, including wind, construction activities, and operation of equipment, is the responsibility of the Contractor.
	1. Use temporary guys, braces, shoring, connections, etc., necessary to maintain the structural framing plumb and in proper alignment until permanent connections are made, the succeeding work is in place, and temporary work is no longer necessary.
	2. Use temporary guys, bracing, shoring, and other work to prevent injury or damage to adjacent work or construction from stresses due to erection procedures and operation of erection equipment, construction loads, and wind.
	3. Design of the temporary bracing system and consideration of the sequence and schedule of placement of such elements and effects of loads imposed on the structural steel members by partially or completely installed work, including work of all other ...
	a. If not obvious from experience or from the Drawings, confer with the Engineer to identify those structural steel elements that must be complete before the temporary bracing system is removed.

	4. Remove and dispose of all temporary work and facilities off-site.

	C. Examine work-in-place on which specified work is in any way dependent to ensure that conditions are satisfactory for the installation of the work.
	1. Report defects in work-in-place which may influence satisfactory completion of the work.
	2. Absence of such notification will be construed as acceptance of work-in-place.

	D. Field Measurement:
	1. Take field measurements as necessary to verify or supplement dimensions indicated on the Drawings.
	2. Contractor is responsible for the accurate fit of the work.

	E. Check the elevations of all finished footings or foundations and the location and alignment of all anchor bolts before starting erection.
	1. Notify Engineer of any errors or deviations found by such checking.



	Part 3 - EXECUTION
	3.1 ERECTION
	A. Framing member location tolerances after erection shall not exceed the framing tolerances listed in the FIELD QUALITY CONTROL Article in PART 3 of this Specification Section.
	B. Erect plumb and level; introduce temporary bracing required to support erection loads.
	C. Use light drifting necessary to draw holes together.
	1. Drifting to match unfair holes is not allowed.

	D. Welding:
	1. Conform to AWS D1.1/D1/1M and requirements of this Specification Section.
	2. Join two (2) sections of steel of different ASTM designations using welding techniques in accordance with a qualified AWS D1.1/D1.1M procedure.

	E. Shore existing members when unbolting of common connections is required.
	1. Use new bolts for rebolting connections.

	F. Clean stored material of all foreign matter accumulated during erection period.
	G. Clean bearing and contact surfaces before assembly.
	H. Set beam and column base and bearing plates accurately, as indicated, on nonshrink grout.
	1. Set and anchor each base plate to proper line and elevation.
	2. Use metal wedges, shims or setting nuts as required and tighten anchor bolts.
	a. Use same metal as base plate.
	b. Cut off protrusions of wedges and shims flush with edge of base plate.

	3. Fill sleeves around anchor bolts with nonshrink grout.
	4. Pack grout solidly between bottom of plate and bearing surface.
	5. Refer to Specification Section 03 31 30 for nonshrink grout requirements.

	I. Cast-in-place Anchor Bolts:
	1. See Specification Section 03 15 19.

	J. Install high strength bolts with hardened washers.
	1. Install and tighten in accordance with the RCSC Specification for Structural Joints Using High-Strength Bolts, Section 8.
	2. Coordinate installation with inspection.
	a. Do not start installation until coordination with Testing Agency is complete.

	3. Bearing-type connections:  High-strength bolts shall be tightened to snug-tight condition.
	4. Slip-critical connections:
	a. Perform calibration testing for all methods of installation of high-strength bolts in accordance with RCSC Specification for Structural Joints Using High-Strength Bolts, Section 8.2.
	b. Turn-of-nut tightening:
	1) Inspector shall observe the pre-installation verification testing.
	2) Subsequently, ensure by routine observation that the bolting crew properly rotates the turned element relative to the unturned element by the amount specified.
	3) Alternatively, when fastener assemblies are match-marked after the initial fitup of the joint but prior to pretensioning, visual inspection after pretensioning is permitted in lieu of routine observation.

	c. Calibrated wrench tightening:  Calibrate on a daily basis.
	d. Direct tension indicator tightening:  If previously approved by Engineer.
	e. Installation of alternate design bolts:  If previously approved by Engineer.

	5. In the event any bolt in a connection is found to be defective, check and retighten all bolts in the connection.

	K. Do not use gas cutting to correct fabrication errors.
	1. In case members do not fit or holes do not match, ream out the holes and insert the next larger size bolt.
	a. Drill new holes if the connections require new holes.
	b. Make no such corrections without prior approval of the Engineer.

	2. Burning of holes is not permitted.

	L. Prior to making field connections to existing structural steel, remove completely all paint from existing steel which will be in contact with new steel and new welds.
	M. Tighten and leave in place erection bolts used in welded construction.
	N. Provide beveled washers to give full bearing to bolt head or nut where bolts are to be used on surfaces having slopes greater than 1 IN 20 with a plane normal to bolt axis.
	O. After bolts are tightened, upset threads of non-high strength bolts and anchor bolts to prevent nuts from backing off.
	P. Crane Runways:
	1. Erect crane runways complete with columns, beams, girders, bracing, crane rails, crane stops, and other required components as indicated.
	2. Stagger crane rail joints with respect to each other on opposite sides of the runway and do not coincide with crane girder joints.
	3. Center crane rails on top of crane girders and secure to girders with tight clamps and/or floating clamps as appropriate; provide clamps in pairs spaced not over 3 FT OC along rail length, with each clamp secured with two (2) high-strength bolts an...
	a. Do not use hook bolt type clamps.

	4. Tolerances:
	a. Center-to-center of crane rails:  Not exceed plus or minus 1/4 IN from indicated dimension.
	b. Crane rail horizontal misalignment:  Not exceed 1/4 IN per 50 FT of runway with a maximum of 1/2 IN total deviation.
	c. Vertical misalignment between crane rails and along a crane rail measured at centerlines of columns:  Not to exceed 1/4 IN per 50 FT of runway with a maximum of 1/2 IN total deviation.

	5. Tight-fitting joints between rail sections and install so top of crane rails are flush at all joints.
	6. Secure the joints with joint bars on each side of rail, bolted together through rail with high-strength bolts, nuts and spring washers.

	Q. After Erection:
	1. Grind smooth all sharp surface irregularities resulting from field cutting or welding.
	2. Power tool clean welds, bolts, washers and abrasions to shop coat removing all rust and foreign matter.

	R. Mechanical Anchor Bolts and Adhesive Anchor Bolts:
	1. See Specification Section 03 15 19.


	3.2 FIELD QUALITY CONTROL
	A. Special Inspection and Testing:
	1. See Specification Section 01 45 33.

	B. Erected Framing Tolerance, unless noted otherwise on the Drawings:
	1. Do not exceed cumulative effect of rolling, fabrication and erection tolerance for overall finished dimensions.
	2. Erection tolerances are defined relative to member working points and working lines as follows:
	a. Actual centerline of top flange or surface at each end for horizontal members.
	b. Actual center of member at each end for all other members.
	c. Other points may be used, providing they are based on these definitions.
	d. Working line is straight line connecting member working points.

	3. Tolerances on position and alignment are as specified in the Code, unless otherwise modified.
	a. Provide "adjustable items" such as lintels, wall supports, curb angles, window mullions and similar members with adjustable connections to supporting structural framing.

	4. Certification by steel erector:
	a. Certify the location of erected structural steel is acceptable for plumbness, level and aligned within tolerances specified.
	b. Provide certification upon completion of any part of work.
	c. Provide certification prior to start of work by other trades that may be supported; attach to structural steel work.



	3.3 CLEANING AND REPAIR OF SHOP PRIMER PAINT AND GALVANIZING
	A. After erection, clean all steel of mud or other foreign materials, and repair any damage.
	1. Touchup coatings to comply with Specification Section 09 91 10.
	2. Repair galvanized surfaces in accordance with ASTM A780.
	a. Prepare damaged surfaces by abrasive blasting or power sanding.
	b. Apply galvanizing repair paint to minimum 6 mils DFT in accordance with manufacturer's instructions.




	STEEL JOISTS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Manufactured open-web steel joists and joist accessories.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 01 45 33 - Special Inspections and Testing Program.
	4. Section 05 12 00 - Structural Steel.
	5. Section 05 30 00 - Metal Deck.
	6. Section 09 91 00 - Painting and Protective Coatings.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Institute of Steel Construction (AISC):
	a. 360, Specifications for Structural Steel Buildings (referred to herein as AISC Specification).

	2. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength.
	c. A563, Standard Specification for Carbon and Alloy Steel Nuts.
	d. F436, Standard Specification for Hardened Steel Washers Inch and Metric Dimensions.
	e. F3125, Standard Specification for High Strength Structural Bolts, Steel and Alloy Steel, Heat Treated, 120 ksi (830 MPa) and 150 ksi (1040 MPa) Minimum Tensile Strength, Inch and Metric Dimensions.

	3. American Welding Society (AWS):
	a. D1.1, Structural Welding Code - Steel.

	4. Corps of Engineers (COE):
	a. CRD-C621, Standard Specification for Packaged, Dry, Hydraulic-Cement Grout (Nonshrink).

	5. Steel Joist Institute (SJI):
	a. Recommended Code of Standard Practice for Steel Joists and Joist Girders.
	b. Standard Specification for Open Web Steel Joists, K-Series (ANSI SJI-K-1.1).
	c. Standard Specification for Longspan Steel Joists LH-Series and Deep Longspan Steel Joists DLH-Series (ANSI SJI-LH-DLH-1.1).
	d. Standard Specification for Joist Girders (ANSI SJI-JG-1.1).
	e. Standard Specifications Load Tables and Weight Tables for Steel Joists and Joist Girders:
	1) Standard Load Table Open Web Steel Joists, K-Series.
	2) Standard Load Table Longspan Steel Joists, LH-Series.
	3) Standard Load Table Deep Longspan Steel Joists, DLH-Series.


	6. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.



	B. Qualifications:
	1. Manufacturer:  Member of SJI.
	a. Structural design calculations and details of manufactured joists shall be prepared by a qualified professional engineer retained by the manufacturer and registered in the state where the project is located.

	2. Qualification of welding work:
	a. Qualify welding processes, operations, and operators in accordance with requirements of AWS D1.1.
	b. Welding operators to have been qualified during the 12-month period prior to commencement of welding.



	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Fabrication and/or layout drawings, signed by a professional engineer:
	a. Detailed Shop Drawings showing size and layout of each joist unit, bridging, connections, and accessories.  Include mark, number, type, location, and spacing of joists and bridging.
	b. Show joining splice and connection to other work details.
	c. Provide templates or location drawings for installation of anchor bolts.
	d. Provide details of bridging, method of attachment to joists, and joist end anchorage and other details required for joist installation.  Indicate beveled end plates for joist roof pitch where required.
	e. Show shop-applied coatings.
	f. Shop Drawings shall not be reproductions of the Contract Drawings.

	3. Product technical data including:
	a. Joist manufacturer's load tables, Standard Specifications and installation instructions for each type of joist and its accessories.  Include product data describing materials, shop coating, bridging, and accessories.

	4. Certifications:
	a. Manufacturer's certification that steel joists and accessories comply with specified requirements.
	b. Manufacturer member of SJI.
	c. Joist material, shop welding and testing, manufacturing and shop inspection and testing are in accordance with SJI requirements.
	d. Capability of joists per Paragraph 2.3A and D.



	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Deliver, store and handle steel joists as recommended by SJI.
	1. Exercise care to avoid damage to joists.

	B. Store joists clear of soil on platforms, skids or other durable supports.
	1. Protect joists after delivery to prevent rust and deterioration.

	C. Provide anchor bolts and other items to be embedded in concrete or masonry, with templates as required, in time for incorporation into the work.


	Part 2 - PRODUCTS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Nucor Corporation Vulcraft Divisions.
	2. CANAM Steel Corporation.
	3. Socar Incorporated.

	2.2 MATERIALS
	A. Steel:  Comply with SJI and AISC Specifications for joist series indicated.
	B. High-Strength Bolts, Nuts and Washers:
	1. Bolts:  ASTM F3125, Grade A325 as required, heavy hexagon structural bolts.
	2. Nuts:  ASTM A563.
	3. Washers (hardened):  ASTM F436.

	C. Bolts and Nuts, Unfinished:  ASTM A307, Grade A, regular hexagon type, low carbon steel, with carbon steel washers.

	2.3 STEEL JOISTS
	A. Design of steel joists proposed shall have been checked by the SJI and found to conform to the standard specifications and load tables.
	B. Design and fabricate joists and accessories in accordance with SJI Specifications and as follows:
	1. Make shop connections and splices using either arc or resistance welding.
	a. Do not shop bolt connections.

	2. Design and fabricate for maximum deflection of 1/360 of clear span under design live load.
	3. Shop holes, field holes, and enlargement of holes will not be permitted unless approved by Engineer.
	4. Fabricate bearing ends to provide following minimum bearing unless a longer bearing length is indicated on the Contract Documents.
	5. With steel angle tops and bottom chord members.
	6. Design connections to resist uplift loads per Building Code, unless otherwise specified.

	C. Sloped joists shall have bearing ends that are flush to supporting element.
	D. Provide extended bottom chords where indicated.
	1. Comply with SJI and AISC requirements and load tables.

	E. Provide extended top chords where indicated.
	1. Comply with SJI and AISC requirements and load tables.

	F. Provide ceiling extensions in areas having ceilings attached directly to joist bottom chord.
	1. Provide either an extended bottom chord or a separate unit of sufficient strength to support ceiling construction.
	2. Extend ends to within 1/2 IN of wall surface.

	G. Provide nailers bolted to top chord where indicated.
	H. Prepare and paint steel joists at the high service pump station and accessories in compliance with Section 09 91 00.  All steel joists shall be hot-dipped galvanized prior to receiving coatings. Refer to Specification Section 05 12 00.
	I. Comply with SJI Specifications:
	1. Joist designations indicated on the Drawing are minimum requirements; increase as required to comply with design requirements specified.
	2. Wherever possible, increased joists shall have the same depth as joist indicated on Drawings.
	3. Where necessary to increase joist depths to meet design requirements, coordinate all project changes required due to the increased depth.
	4. Make all required joist revisions at no additional cost to Owner.


	2.4 SOURCE QUALITY CONTROL
	A. Engineer reserves right to inspect joists or manufacturer's shop during joist fabrication.
	B. Identify each joist type, size and manufacturer.
	1. Provide tagging or other suitable (permanent) means.
	2. Maintain identification continuously.



	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Examine areas and conditions under which steel joists are to be installed for conditions detrimental to proper and timely completion of work.
	B. Do not proceed with work until unsatisfactory conditions have been corrected.
	C. Do not start placement of steel joists until supporting work is in place and secured.
	D. Joists will be subject to rejection if:
	1. Joists do not comply with requirements of SJI and AISC Specifications and requirements herein.
	2. Joists are improperly manufactured, welded, painted or installed.
	3. Joists are damaged so that strength is impaired.
	4. Joists are not installed as indicated on Drawings.
	5. Chords are not installed straight within a tolerance of plus or minus 0.0028 times the length of the joist or the distance between points of lateral support.


	3.2 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	1. Where not specifically indicated otherwise, place and secure steel joists in accordance with SJI and AISC Specifications and as herein specified.

	B. Splice any joist delivered to the site in more than one piece.
	C. Do not overload joists.
	1. Note:  Joists may not be stable or able to carry design loads until bridging and deck is fully installed.
	2. Contractor is solely responsible for safety, construction methods and sequencing of the Work.
	3. Do not install joists damaged so that strength is impaired.

	D. Place joists on supporting work, adjust and align in accurate location and spacing before permanently fastening.
	1. Provide end bearing and anchorages to secure all joists to supporting members or walls in accordance with SJI Specifications, unless otherwise indicated.
	2. When joists are misfabricated and do not bear flush on supporting member or wall, take corrective measures to ensure full bearing.
	a. Provide steel shims as required for uniform flush bearing.


	E. Field weld joists to supporting steel framework in accordance with SJI, AISC and AWS Specifications for type of joists used.
	1. Coordinate welding sequence and procedure with placing of joists.
	2. Observe any special welding requirements on erection drawings.

	F. Provide type, size, spacing, and attachment of bridging in accord with SJI and AISC Specifications, where not specifically indicated otherwise, except as modified herein.
	1. Clearly specify bridging on erection drawings.
	2. Provide diagonal type bridging unless otherwise noted.
	3. Do not use sag rods as substitute for bridging.

	G. Install bridging completely, immediately after erection, and before any loads are applied.
	1. Anchor ends of bridging lines at top and bottom chords of each joist and where terminating at walls or beams.
	2. Provide bridging connections at top and bottom chords capable of safely resisting a force specified by SJI Specifications for open web, long span, deep long span joists, and joist girders respectively.
	3. Where five rows of bridging are required in spans over 40 FT, laterally brace each joist before erecting next joist or applying loads.
	4. Do not release hoisting cables before installing center row of diagonal bridging and anchoring bridging line to prevent lateral movement.
	5. During construction period, Contractor is responsible for any loads placed on joists.
	a. Contractor's attention is directed the fact that joists may be unstable and cannot carry their design load until steel deck and bridging are completely installed.


	H. Remove or repair damaged joists or other work, to satisfaction of Engineer at no additional expense to Owner.
	I. After installation, touch up paint or field paint as specified in Section 09 91 00.

	3.3 FIELD QUALITY CONTROL
	A. Special Inspection and Testing:
	1. See Section 01 45 33.
	2. Special Inspection is required for:
	a. Visually inspect joists, bridging, anchorages, and connections which have been erected.
	b. Inspect high-strength bolting in accordance with the RCSC Specification for Structural Joints Using High-Strength Bolts, Section 9.
	1) Verify direct tension indicator gaps.





	METAL DECK
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Manufactured metal roof deck.
	2. Manufactured metal form deck.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 05 21 00 - Steel Joists.
	4. Section 09 91 00 - Painting and Protective Coatings.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Iron and Steel Institute (AISI):
	a. S100, Specification for the Design of Cold-Formed Steel Structural Members.

	2. ASTM International (ASTM):
	a. A36/A36M, Standard Specification for Carbon Structural Steel.
	b. A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.
	c. A780/A780M, Standard Practice for Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized Coatings.
	d. A1008/A1008M, Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, Solution Hardened, and Bake Hardenable.
	e. C1513, Standard Specification for Steel Tapping Screws for Cold Formed Steel Framing Connections.
	f. D746, Standard Test Method for Brittleness Temperature of Plastics and Elastomers by Impact.
	g. D1056, Standard Specification for Flexible Cellular Materials-Sponge or Expanded Rubber.

	3. American Welding Society (AWS):
	a. D1.1/D1.1M, Structural Welding Code - Steel.
	b. D1.3/D1.3M, Structural Welding Code - Sheet Steel.

	4. Steel Deck Institute (SDI):
	a. 31, Design Manual for Composite Decks, Form Decks and Roof Decks.

	5. Underwriters Laboratories, Inc. (UL):
	a. Fire Resistance Directory.


	B. Qualifications:
	1. Manufacturer:
	a. Member of SDI.
	b. Structural design of manufactured deck shall be prepared by a qualified professional engineer retained by the manufacturer.

	2. Welding work:
	a. Qualify welding processes, operations, and operators in accordance with requirements of AWS D1.1 and AWS D1.3.
	b. Welding operators to have been qualified during the 12 month period prior to commencement of welding, and be experienced in welding light gage metal.



	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Fabrication and/or layout drawings:
	a. Detailed Shop Drawings showing the following:
	1) Complete framing and erection layouts.
	2) Location, length, type, cross section, thickness, and markings of metal deck units.
	a) Size and location of openings.
	b) Accessories and reinforcing.

	3) Sequence and procedure to be followed for erecting, fastening, and securing the deck units.
	4) Shop applied coatings.
	5) Location of required shoring for form decks.
	6) Details and gages of accessories and miscellaneous items showing sump pans, cant strips, ridge and valley plates, closure and filler strips and insulation supports.
	7) Welding procedures for installation including size, number, type and location of all welds required to install deck units.
	8) Recommended welding rod size, type, burn off rate and welder setting for deck thickness to be joined.
	a) Define welds by use of standard AWS welding symbols.

	9) Correct fitting of members and accessories.
	10) Size and location of all openings in deck and all conditions requiring closure panels and supplementary framing.
	11) Shop Drawings shall not be reproductions of the Contract Drawings.


	3. Product technical data including:
	a. Metal deck manufacturer's specifications and installation instructions.
	b. Manufacturer's specifications and installation instructions for:
	1) Welds and welding procedure.
	2) Galvanizing repair paint.
	3) Screws.
	4) Joint sealing compound.

	c. Manufacturer's load tables for deck to be furnished on this project, including:
	1) Allowable gravity load for metal roof deck.
	2) Allowable diaphragm shear values for metal roof deck.
	3) Allowable superimposed load for metal deck.
	4) Allowable unshored span lengths for composite and form deck.


	4. Manufacturers certification that metal deck complies with specified requirements:
	a. Manufacturer member of SDI.
	b. Deck material, manufacturing, and shop testing and inspection are in accordance with SDI requirements.
	c. Welder qualifications.

	5. Test reports.
	a. Manufacturer’s certified test reports.



	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Deliver, store, and handle metal deck as recommended by SDI.
	1. Exercise care to avoid damage to deck.

	B. Protect materials from rusting, denting or crushing.
	1. Store metal deck on project site off the ground with one end elevated to provide drainage and protected from the elements with a waterproof covering, ventilated to avoid condensation.
	2. Prevent rust, deterioration and accumulation of foreign material.


	1.5 project CONDITIONS
	A. Do not overload supporting members.
	1. Until the entire assembly is complete, the structural elements may not be stable or capable of supporting code or stated design loads.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. 1-1/2 IN and 3 IN deep metal roof deck:
	a. Vulcraft.
	b. Verco Decking, Inc.
	c. New Millennium Building Systems.
	d. Consolidated Systems, Inc.
	e. DACS, Inc.

	2. 1-1/2 IN deep form (non-composite) floor deck:
	a. Vulcraft.
	b. New Millennium Building Systems.
	c. Consolidated Systems, Inc.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 METAL ROOF DECK
	A. Design of the metal deck to be supplied to have been checked by SDI and found to conform to the standard specifications and load tables.
	1. The allowable superimposed live uniform loading per square foot for metal roof deck supplied for the spans indicated shall equal or exceed the allowable superimposed live uniform load per square foot for the same spans as indicated in the SDI lates...
	2. Maximum deflection:  Less than 1/240 of span under live load.

	B. Use deck configurations complying with SDI 31and as indicated.
	1. Painted deck:  ASTM A1008.
	2. Galvanized deck:  ASTM A653 G90 zinc coating.

	C. Metal Roof Deck, 1-1/2 IN Deep:
	1. Rib type B, sheet steel, 20GA, minimum, with minimum uncoated thickness of 0.0358IN, galvanized.
	2. Wide rib deck:  Ribs spaced approximately 6 IN OC; width of rib opening at top surface maximum 2-1/2 IN; width of bottom rib surface minimum 1-3/4 IN.

	D. Metal Roof Deck, 3 IN Deep:
	1. Rib type N, sheet steel, 20GA, minimum, with minimum uncoated thickness of 0.0358IN, galvanized.
	2. Deep rib deck:  Depth 3 IN, ribs spaced approximately 8 IN OC; width of rib opening at top surface maximum 2-3/4 IN; width of bottom rib surface minimum 1-1/2 IN.


	2.3 FABRICATION
	A. Standard Deck Profiles:
	B. Minimum Deck Thickness:
	1. Where gage of metal is indicated, provide the minimum uncoated thickness as specified by SDI.
	a. Delivered thickness of the uncoated steel:  No less than 95 PCT of the design thickness.

	2. Use steel with a minimum yield stress of 33 ksi.

	C. Fabrication:
	1. Fabricate deck units in lengths to span three or more support spacings with flush, telescoped or nested 2 IN minimum end laps.
	a. End laps shall occur on supporting members.
	b. Provide deck units having overlapping male and female type side laps or joints to provide positive vertical and lateral alignment of adjacent deck units.



	2.4 ACCESSORIES
	A. Metal Closures:
	1. Form to configuration required to provide tight-fitting closures at open ends and sides of deck.
	2. Minimum thickness before galvanizing:  0.0358 IN (20 GA).

	B. Ridge and Valley Plates:
	1. Minimum width:  4-1/2 IN.
	2. Bend to provide tight-fitting closure with deck units.
	3. Provide plates in 10 FT length where possible.
	4. Minimum thickness before galvanizing:  0.0358 IN (20 GA).

	C. Welding Washers:
	1. 16 GA bent steel plate with 3/8 IN center hole.
	2. Use at all deck units thinner than 20 GA.

	D. Filler Sheet:  Flat or formed 20 GA galvanized steel.
	E. Roof Sump Pans:
	1. Fabricate from a single piece of galvanized sheet steel with level bottoms and sloping sides to direct water flow to drain.
	2. Provide sump pans of adequate size to receive roof drains with bearing flanges minimum 3 IN wide.
	3. Recess pans not less than 1-1/2 IN below roof deck surface, unless otherwise indicated or required by deck configuration.
	4. Minimum thickness before galvanizing:  0.0747 IN (14 GA).

	F. Cant Strips:
	1. Bend cant strips to form 45 degree slope not less than 5 IN wide, with top and bottom flanges not less than 3 IN wide.
	2. Minimum thickness before galvanizing:  0.0358 IN (20 GA).

	G. Insulation supports.
	H. Venting:  Slotted openings in bottom flutes in accordance with manufacturer's standards.
	I. Metal Pour Stops:  Form to configuration required to provide mortar-tight closures at open sides and ends of deck.
	J. Primer Paint:  Deck manufacturer's baked on, rust-inhibitive paint applied at plant to chemically cleaned and phosphate chemically treated metal surfaces. Not for galvanized material.
	K. Galvanized coating for metal deck accessories:  Conform to ASTM A653 G90 zinc coating.
	L. Galvanized Repair Paint:  See Specification Section  09 91 10.
	M. Screws:
	1. Self-drilling, self-tapping, #12 size minimum, hex washer head sheet metal screws.
	2. Carbon steel by Hilti.
	a. Organic zinc chromate coated, Hilti Kwik Flex.
	b. ASTM C1513.


	N. Powder Actuated Mechanical Fasteners:
	1. Material:  AISI 1070 modified.
	2. Hardness:  Minimum Rockwell Hardness C 54.5.
	3. Strength:  Minimum tensile strength 285 ksi; minimum shear strength 175 ksi.
	4. Design and Manufacture:  Knurled shank with forged ballistic point.  Manufacturing process shall ensure steel ductility and prevent development of hydrogen embrittlement.
	5. Washers:
	a. For steel bar joist framing:  Minimum 12 MM (0.472 IN) steel washers.
	b. For structural steel framing:  Minimum 15 MM (0.591 IN) steel washers.

	6. Corrosion Resistance:
	a. For steel roof decks with waterproofing membrane:  5 micron zinc electroplated in accordance with ASTM B633 SC1 Type III.
	b. For exposed steel roof decks:  Minimum AISI 304 stainless steel sealing caps with bonded neoprene washer shall be installed over each fastener.

	7. Design Requirements:
	a. ICC-ES AC43 or SDI method for diaphragm shear strength and stiffness.
	b. FM wind uplift resistance.
	c. UL fire classification.

	8. Approved Types:
	a. For use with steel bar joist and light structural steel framing supports with top chord or flange thickness 1/8 IN to 3/8 IN:
	1) Hilti X-HSN24 (1/8 IN up to and including 3/8 IN)
	2) Other approved alternative

	b. For use with structural steel framing supports with top flange thickness 1/4 IN or thicker:
	1) Hilti X-ENP-19 L15 (1/4 IN or thicker).
	2) Other approved alternative.



	O. Miscellaneous Steel Shapes:  Comply with ASTM A36.
	P. Sheet Metal Accessories:  Same material and finish as deck members.
	Q. Flexible Closure Strips for Deck:
	1. Vulcanized, closed cell expanded chloroprene elastomer, complying with ASTM D1056, Grade SCE 41.
	2. Brittleness temperature:  -40 DEGF, ASTM D746.
	3. Flammability resistance:  Self-extinguishing.
	4. Install with adhesive in accordance with manufacturer's instructions.
	a. Ensure complete closure.




	Part 3 - EXECUTION
	3.1 preparation
	A. Examine areas and conditions under which metal deck is to be installed for conditions detrimental to proper and timely completion of work.
	B. Do not proceed with work until unsatisfactory conditions have been corrected.
	C. Do not start placement of metal deck until supporting work is in place and secured.
	D. Deck will be subject to rejection if metal deck:
	1. Units do not comply with requirements of SDI specifications and requirements herein.
	2. Is improperly manufactured, painted or installed.
	3. Is damaged so that strength is impaired.
	4. Is not installed as specified.


	3.2 INSTALLATION
	A. Install roof deck units and accessories as indicated, in accordance with SDI 31, manufacturer's recommendations, final approved Shop Drawings and as specified herein.
	1. Furnish manufacturer's standard accessories as needed to complete the deck installation.

	B. Locate deck bundles to prevent overloading of structure.
	C. Do not overload metal deck or supporting members:
	1. Contractor is solely responsible for safety, construction means, methods and sequencing of the Work.
	2. Until the entire assembly is complete, the structural elements may not be stable or capable of supporting code or stated design loads.
	3. Use care to assure deck construction loads are less than the recommendation of SDI 31, except where temporary shoring is installed.

	D. Place each deck unit on supporting structural frame, adjust to final position and accurately align with ends bearing on supporting members.
	1. Lap roof deck units at ends no less than 2 IN.
	2. Interlock units at sides without stretching, contracting, or deforming.
	3. Place deck units flat and square and secure to framing without warp or excessive deflection.
	4. Place units in accurate and close alignment for entire length of run and with close alignment of flutes of one unit with those of abutting unit.

	E. Plug weld sizes specified are effective fusion diameter of welds.
	1. Weld metal shall penetrate all layers of deck material and have good fusion to supporting members.
	2. Do not burn through deck.

	F. Prevent overtorquing of screw fasteners by using a tool with a depth limiting nosepiece and a clutch.
	G. Fastening of 1-1/2 IN Deep Metal Roof Deck:
	1. Unless otherwise specified, secure deck units to supporting frame and side laps as follows:
	a. Fasten edge ribs of panels at each support.
	b. At all interior supports and at ends of deck use:
	1) At all buildings unless noted otherwise:  Three (3) 5/8 IN round plug welds per deck unit.
	2) At the Operations Building:  Five (5) 5/8 IN round plug welds per deck unit.

	c. At perimeter supports, use 5/8 IN round plug welds at 12 IN OC.
	d. At side laps, use #12 hexhead screws at:.
	1) 18 IN OC for all buildings unless noted otherwise.
	2) 12 IN OC at the Operations Building.



	H. Fastening of 3 IN Deep Metal Roof Deck:
	1. Unless otherwise specified, secure deck units to supporting frame and side laps as follows:
	a. Fasten edge ribs of panels at each support.
	b. At all interior supports and at ends of deck use:
	1) Four (4) 3/4 IN round plug welds per deck unit (24 IN unit.)

	c. At perimeter supports 3/4 IN round plug welds at 8 IN OC.
	d. At side laps, use #12 hexhead screws at 24 IN.


	I. Fastening of Form Deck:
	1. Secure deck units to supporting frame and side laps as follows:
	a. Fasten edge ribs of panels at each support.
	b. At each end of each unit and at intermediate supports:  5/8 IN puddle welds at 12 IN OC with not less than two welds per support.
	c. At perimeter parallel to deck:  5/8 IN puddle welds or 3/8 x 1-1/4 IN seam welds at 18 IN OC.
	d. At side laps: #12 hexhead screws spaced not more than 2 FT OC.
	e. At sheet metal closures used at ends or sides:  Self-drilling sheet metal screws or tack welds at 2 FT OC.


	J. Shoring for Form Deck:
	1. Design and install temporary shoring for form deck for span conditions and lengths where required in SDI 31.
	2. Shoring to support form deck for the construction loads listed in SDI 31 or for the actual loads applied during construction, whichever is greater.
	a. Indicate shoring on installation Shop Drawings.

	3. Locate shoring so as not to overstress supporting construction.
	4. Do not remove shores until concrete has reached at least 75 PCT of its specified compressive strength.

	K. Remove and replace deck which is structurally weak or unsound or which has burn holes due to improper welding or damage which Engineer declares defective.
	L. Cut and fit deck units and accessories around other work projecting through or adjacent to decking.
	1. Make cutting and fitting neat, square and trim.
	a. Cut deck by mechanical means, not by burning.

	2. Neatly and accurately install reinforcing at all openings except:
	a. Circular openings less than 6 IN DIA.
	b. Rectangular openings having no side dimension greater than 6 IN.

	3. Reinforce openings that have not been framed between 6 and 12 IN with 20 GA flat steel sheet 12 IN greater in each dimension than opening.
	a. Place sheet around opening and fusion weld to top surface of deck at each corner and midway along each side.


	M. Install insulation supports for support of roof insulation.
	1. Provide where top surface of roof deck does not occur adjacent to edge and openings as required to completely support roof insulation.
	2. Weld into position.

	N. Install metal closure strips at all open uncovered ends and edges of roof deck, and in voids between deck and other construction.
	1. Weld into position to provide a complete decking installation.
	2. Provide flexible closure strips instead of metal closures, at Contractor's option and when approved by Engineer wherever their use will ensure complete closure.
	a. Install with elastomeric type adhesive in accordance with written directions and recommendations of manufacturers of closure strips and adhesives.


	O. Ridge and Valley Plates:
	1. Weld ridge and valley plates to top surface of roof deck.
	2. Lap end joints not less than 3 IN with laps in direction of water flow.

	P. Roof Sump Pans:
	1. Place over openings in roof deck.
	2. Weld to top deck surface.
	a. Space welds maximum 12 IN OC with at least one weld at each corner and each side midway between each corner.

	3. Cut opening in bottom of roof sump to accommodate drain size indicated.

	Q. Cant Strips:
	1. Weld cant strips to top surface of roof deck at 12 IN OC.
	2. Lap end joints not less than 3 IN.

	R. Install metal accessories to close all openings and gaps between deck and other construction, at objects projecting through deck, at locations where deck changes direction, and at open ends of deck units where deck units terminate.
	1. Weld into position to provide a complete installation.

	S. Install pour stops continuous around the perimeter:
	1. Locate so that the slab terminates beyond the perimeter support centerline a distance as indicated on the Contract Drawings.
	2. Weld into position adequately to resist forces due to placement and finishing of concrete and in accordance with manufacturer's recommendations.

	T. Clean and Touch Up:
	1. Remove all surplus materials and debris from surface of deck after installation.
	2. Repair damaged galvanized surfaces in accordance with Specification Section  09 91 00.


	3.3 FIELD QUALITY CONTROL
	A. Remove and replace defective or damaged deck units.
	B. Special Inspection:
	1. See Specification Section 01 45 33.
	2. Special Inspection is required for:
	a. Verification of proper deck and materials.
	1) Frequency:  Prior to attaching deck.

	b. Verification of proper weld filler materials, screws, powder actuated mechanical fasteners, weld testing and fastener spacing.
	1) Frequency:  First 4 HRS during the first day of deck attachment and final inspection prior to covering work with concrete, insulation, or other materials.

	c. Weld Testing:
	1) Make the following test in the presence of the Special Inspector employed on the project on the first deck panel to be installed:
	a) Place one (1) end of panel over a perimeter support and attach it only to that support with two (2) welds as specified 6 IN apart.
	b) Move the opposite end of the panel in plane parallel to the span of the panel until shear distress is noted in the weld.
	c) Make the welds of sufficient quality to cause local distortions in the panel around the welds and show good perimeter contact between the welds and the panel.
	d) When the results of this test are satisfactory and approved by the Special Inspector, install the remainder of the deck using the same weld rod size and type, amperage setting, and procedures used in the tested deck.
	e) Weld Test procedure to be performed for each metal deck welder.

	2) Visually inspect the remainder of the welds.
	a) When, in the opinion of the Special Inspector, any weld is of poor quality, provide an additional weld adjacent to the rejected weld.
	b) Place the new weld on sound, unburned deck a sufficient distance away from the rejected weld.






	PRE-ENGINEERED COLD-FORMED METAL TRUSSES
	Part 1 - GENERAL
	1.1 Summary
	A. Section Includes:
	1. Complete pre-engineered cold formed steel trusses roof system including but not limited to:
	a. Design.
	b. Materials.
	c. Fabrication.
	d. Shipment.
	e. Erection.
	f. Components as specified.


	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 - General Requirements.
	3. Section 05 30 00 - Metal Deck.
	4. Section 05 50 00 - Metal Fabrications.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Iron and Steel Institute (AISI):
	a. North American Specification for the Design of Cold-Formed Steel Structural Members; American Iron and Steel Institute; 2012 edition (S100-12).
	b. North American Standard for Cold-Formed Steel Framing - General Provisions; 2012 edition (S200-12).
	c. North American Standard for Cold-Formed Steel Framing - Truss Design; 2012 edition (S214-12).
	d. North American Standard for Cold-Formed Steel Structural Framing, 2015 edition (S240-15)

	2. ASTM International (ASTM):
	a. A370 Standard Test Methods and Definitions for Mechanical Testing of Steel Products.
	b. A653/A653M Sheet Steel, Zinc-Coated (Galvanized) or Zinc Iron Alloy-Coated (Galvannealed) by the Hot Dip Process.
	c. A780 Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized Coatings.

	3. American Welding Society (AWS):
	a. Structural Welding Code - Steel ANSI/AWS D1.1.
	b. Structural Welding Code - Sheet Steel ANSI/AWS D1.3.

	4. Building code:
	a. International Code Council (ICC):
	1)  International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.



	B. Qualifications
	1. Manufacturer/Fabricator Qualifications:
	a. Minimum of five (5) years experience in manufacturing of light-gauge steel trusses.
	b. Shall participate in a recognized quality-assurance program approved by AISI or that involves inspection by an independent inspection and testing agency acceptable to Engineer.
	c. Truss fabricator shall review Contract Documents for items at variance with established truss construction procedures.
	d. Submit variances to Architect/Engineer not less than ten (10) days before bids are received.
	e. Variance not submitted before such date shall be corrected by truss fabricator or resolved to satisfaction of Engineer without increase in contract price

	2. Erector Qualifications:
	a. Minimum of three (3) years current experience in the installation of light-gauge steel truss systems.
	b. Truss erector shall be approved by truss manufacturer.


	C. Provide Pre-Engineered, Cold-formed Steel Trusses engineered by specialty structural engineer to support superimposed dead, live, and lateral (wind or seismic) loads indicated.
	1. Include headers and reinforcing members around openings.
	2. Required details defining method of fastening throughout system and attachments to supporting primary structure included in engineering requirement.


	1.3 Definitions
	A. Code:  The word "code" refers to the Building Code.
	B. Installer, Erector or Applicator:
	1. Installer, erector or applicator is the person actually installing, erecting or applying the product in the field at the Project site.
	2. Installer, erector and applicator are synonymous


	1.4 submittals
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Fabrication and erection drawings:
	a. Submit detailed truss erection plans, shop details, erection details, and printed instructions for handling, storage, and installation.
	b. Indicate member type, location, spacing, size, and gauge of members; method of attachment to supporting members; and necessary erection details.
	c. Indicate supplemental bracing, strapping, splices, bridging, accessories, and details required for proper installation.
	d. Truss Placement Diagram:  Diagram that identifies the assumed location of each individually designated truss and references the corresponding Truss Design Drawing.


	B. Product Data:
	1. Product data and installation instructions for each type of cold-formed steel framing and accessory required.
	2. Truss manufacturer’s recommendations for handling trusses.

	C. Informational Submittals:
	1. Manufacturer's and Erector's Qualifications.
	2. Manufacturer's approval of erector.
	3. Certificate of compliance by fabricator that steel was fabricated in accordance with the approved construction
	4. Engineering calculations indicating design moments, shears, and other forces sealed by a professional Structural Engineer licensed in the State where Project is located.
	a. Submit concurrent with or prior to Shop Drawings.
	b. Include list of design loads and loads transmitted to walls and locations where loads occur and special requirements, changes, or modifications to primary structural system to accommodate cold formed steel trusses
	c. Submit calculations for information only.




	Part 2 - products
	2.1 Acceptable manufacturers
	A. Pre-Engineered, Cold-formed Steel Trusses:
	1. Aegis Metal Framing.
	2. Alpine Engineered Products, Inc.
	3. Westco Steel Systems

	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2  DESIGN CRITERIA
	A. Loads:
	1. Dead Loads:
	a. As shown on the Drawings plus selfweight.

	2. Roof Live Loads:
	a. As shown on the Drawings.

	3. Snow Loads:
	a. As shown on the Drawings.

	4. Wind Loads:
	a. As shown on the Drawings.

	5. Seismic (Earthquake) Loads:
	a. As shown on the Drawings.


	B. Connection of trusses to bearing walls shall be designed to resist calculated uplift forces.
	C. Include truss to truss girder connection design.
	D. Include handling forces and show temporary bracing required during erection.
	E. Proportion such that following deflection limits are not exceeded:
	1. Live or snow:  span / 360
	2. Dead plus live or snow:  span/240
	3. Wind:  span/360

	F. Design Pre-Engineered, Cold-formed Steel Trusses to allow for movement of framing members without damage or over-stressing members, sheathing failure, connection failure, undue strain on fasteners and anchors, or other detrimental effects when subj...
	G. Calculate structural characteristics of cold-formed steel truss members in accordance with AISI Specification for the Design of Cold-Formed Steel Structural Members.

	2.3 MATERIALS
	A. Truss Members:
	1. ASTM A653/A653M, 50 KSI minimum yield stress, with G60 galvanized zinc coating.
	2. Minimum uncoated steel thickness:
	a.  16 GA:  0.057 IN.


	B. Bracing, Bridging, and Blocking Members:
	1. ASTM A653/A653M, 33 KSI minimum yield stress, with G60 galvanized zinc coating.
	2. Minimum uncoated steel thickness:
	a.  16 GA:  0.057 IN.


	C. Fasteners:
	1. Truss manufacturer recommended self-drilling, self-tapping screws with corrosion resistant plated finish.


	2.4 fabrication
	A. Factory fabricate trusses plumb, square, true to line, with connections securely fastened.
	B. Fabricate trusses in jig assemblies.
	C. Cut truss members by sawing, shearing, or plasma cutting.
	D. Fasten truss members by welding or screwing as standard with fabricator.
	1. Comply with AWS welding requirements.
	2. Locate screws and install according to truss component manufacturer’s instructions.  Screw shall penetrate joined members by a minimum of 3 exposed screw threads.

	E. Welding:
	1. Welding Procedures, Operator Qualifications, and Welding Quality Standards:
	a. AWS D1.1.
	b. AWS D1.3.
	c. Certification of Welder Qualification:  Supply when requested.


	F. Brace, block, or reinforce truss as necessary to minimize member and connection stresses during handling.
	G. Tolerances:
	1. Member length:
	a. Trusses up to 30 FT long:  Max 1/2 IN variation from design length.
	b. Trusses over 30 FT long:  Max 3/4 IN variation from design length.

	2. Member height:
	a. Trusses up to 5 FT high:  Max 1/4 IN variation from design height.




	Part 3 - Trusses over 5 FT high:  Max 1/2 IN variation from design height.EXECUTION
	3.1 Examination
	A. Examine supporting structure prior to installing trusses.
	B. Do not install trusses until unsatisfactory conditions have been corrected.
	C. Installation of trusses constitutes acceptance of existing conditions and responsibility for satisfactory performance.

	3.2 installation
	A. Erect trusses with plane of truss webs vertical and parallel to each other.
	B. Locate at design spacing indicated.
	C. Exercise care to avoid damage to truss members during erection and keep horizontal bending of the trusses to a minimum.
	D. Provide framing anchors as indicated on erection drawings.
	1. Trusses shall be bridged and braced in accordance with the manufacturer’s design and written instructions before installation of collateral materials.
	2. Temporary bracing shall be installed in strict accordance with truss manufacturer’s written instructions.
	3. Temporary bracing shall remain in place until all sheathing and permanent bracing work is completed.

	E. Anchor trusses securely at bearing points.
	F. Install roof framing accessories plumb, square, true to line, and securely fastened in accordance with truss manufacturer’s recommendations.
	G. Do not cut truss members without approval of truss design engineer.
	H. Fasten cold-formed steel roof framing by welding or screwing.
	1. Coordinate with truss manufacturer.
	2. Wire tying of trusses is not permitted.

	I. Locate mechanical fasteners and install in accordance with truss manufacturer’s instructions.
	J. Install framing in one-piece lengths, unless a splice connection is indicated.
	K. Touch-up damaged galvanizing with galvanizing repair paint.
	1. Galvanizing Repair Paint:
	a. ASTM A780.
	b. Zinc content:  Minimum 92 PCT in dry film.
	c. ZRC "ZRC Cold Galvanizing" or Clearco "High Performance Zinc Spray."




	METAL FABRICATIONS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Custom fabricated metal items and certain manufactured units not otherwise indicated to be supplied under work of other Specification Sections.
	2. Design of all temporary bracing not indicated on Drawings.
	3. Design of systems and components, including but not limited to:
	a. Stairs.
	b. Landings.
	c. Ladders.
	d. Modular framing system.


	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 03 15 19 - Anchorage to Concrete.
	4. Section 03 31 30 - Concrete, Materials and Proportioning.
	5. Section 05 12 00 - Structural Steel.
	6. Section 05 52 02 - Aluminum Railings.
	7. Section 05 52 05 - Steel Railings.
	8. Section 06 82 00 - Fiberglass Reinforced Plastic Fabrication.
	9. Section 09 91 00 - Painting and Protective Coatings.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Aluminum Association (AA):
	a. ADM 1, Aluminum Design Manual.

	2. American Association of State Highway and Transportation Officials (AASHTO):
	a. HB, Standard Specifications for Highway Bridges.

	3. American Institute of Steel Construction (AISC):
	a. 325, Manual of Steel Construction.
	b. 360, Specifications for Structural Steel Buildings (referred to herein as AISC Specification).

	4. The American Ladder Institute (ALI):
	a. A14.3, Ladders - Fixed - Safety Requirements.

	5. American Society of Civil Engineers (ASCE):
	a. 7, Minimum Design Loads for Buildings and Other Structures.

	6. ASTM International (ASTM):
	a. A6, Standard Specification for General Requirements for Rolled Structural Steel Bars, Plates, Shapes, and Sheet Piling.
	b. A36, Standard Specification for Carbon Structural Steel.
	c. A47, Standard Specification for Ferritic Malleable Iron Castings.
	d. A48, Standard Specification for Gray Iron Castings.
	e. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless.
	f. A108, Standard Specification for Steel Bar, Carbon and Alloy, Cold Finished.
	g. A123/A123M, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
	h. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
	i. A197, Standard Specification for Cupola Malleable Iron.
	j. A269, Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing for General Service.
	k. A276, Standard Specification for Stainless Steel Bars and Shapes.
	l. A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength.
	m. A312, Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes.
	n. A380, Standard Practice for Cleaning, Descaling, and Passivation of Stainless Steel Parts, Equipment, and Systems.
	o. A500, Standard Specification for Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Rounds and Shapes.
	p. A501, Standard Specification for Hot-Formed Welded and Seamless Carbon Steel Structural Tubing.
	q. A536, Standard Specification for Ductile Iron Castings.
	r. A554, Standard Specification for Welded Stainless Steel Mechanical Tubing.
	s. A572, Standard Specification for High-Strength Low-Alloy Columbium-Vanadium Structural Steel.
	t. A563, Standard Specification for Carbon and Alloy Steel Nuts.
	u. A666, Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar.
	v. A668, Standard Specification for Steel Forgings, Carbon and Alloy, for General Industrial Use.
	w. A780, Standard Practice for Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized Coatings.
	x. A786, Standard Specification for Hot-Rolled Carbon, Low-Alloy, High-Strength Low-Alloy, and Alloy Steel Floor Plates.
	y. A992, Standard Specification for Steel for Structural Shapes.
	z. A1064, Standard Specification for Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for Concrete.
	aa. A1011, Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, and Ultra-High Strength.
	bb. B26, Standard Specification for Aluminum-Alloy Sand Castings.
	cc. B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate.
	dd. B221, Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes.
	ee. B308, Standard Specification for Aluminum-Alloy 6061-T6 Standard Structural Profiles.
	ff. B429, Standard Specification for Aluminum-Alloy Extruded Structural Pipe and Tube.
	gg. B632, Standard Specification for Aluminum-Alloy Rolled Tread Plate.
	hh. F436, Standard Specification for Hardened Steel Washers Inch and Metric Dimensions.
	ii. F467, Standard Specification for Nonferrous Nuts for General Use.
	jj. F468, Standard Specification for Nonferrous Bolts, Hex Cap Screws, and Studs for General Use.
	kk. F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws, and Studs.
	ll. F835, Standard Specification for Alloy Steel Socket Button and Flat Countersunk Head Cap Screws.
	mm. F879, Standard Specification for Stainless Steel Socket Button and Flat Countersunk Head Cap Screws.
	nn. F1789, Standard Terminology for F16 Mechanical Fasteners.
	oo. F3125, Standard Specification for High Strength Structural Bolts, Steel and Alloy Steel, Heat Treated, 120 ksi (830 MPa) and 150 ksi (1040 MPa) Minimum Tensile Strength, Inch and Metric Dimensions.

	7. American Welding Society (AWS):
	a. A5.1/A5.1M, Specification for Carbon Steel Electrodes for Shielded Metal Arc Welding.
	b. D1.1, Structural Welding Code - Steel.
	c. D1.2, Structural Welding Code - Aluminum.
	d. D1.6/D1.6M, Structural Welding Code - Stainless Steel.

	8. National Association of Architectural Metal Manufacturers (NAAMM):
	a. AMP 510, Metal Stairs Manual.
	b. AMP 555, Code of Standard Practice for the Architectural Metal Industry (Including Miscellaneous Iron).
	c. MBG 531, Metal Bar Grating Manual.

	9. NACE International (NACE).
	10. Nickel Development Institute (NiDI):
	a. Publication 11 007, Guidelines for the welded fabrication of nickel-containing stainless steels for corrosion resistant services.

	11. Occupational Safety and Health Administration (OSHA):
	a. 29 CFR 1910, Occupational Safety and Health Standards, referred to herein as OSHA Standards.

	12. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.

	b. A117.1, Accessible and Usable Buildings and Facilities.


	B. Qualifications:
	1. Qualify welding procedures and welding operators in accordance with AWS.
	2. Fabricator shall have minimum of 10 years experience in fabrication of metal items specified.
	3. Engineer for contractor-designed systems and components:  Professional structural engineer licensed in the State of Texas.
	4. NACE certified inspector shall have minimum of two (2) years experience performing inspections as indicated.
	a. Have a current Level III coating inspector certification.



	1.3 DEFINITIONS
	A. Fasteners:  As defined in ASTM F1789.
	B. Galvanizing:  Hot-dip galvanizing per ASTM A123/A123M or ASTM A153/A153M with minimum coating of 2.0 OZ of zinc per square foot of metal (average of specimens) unless noted otherwise or dictated by standard.
	C. Hardware:  As defined in ASTM A153/A153M.
	D. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.


	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Qualifications:
	a. NACE inspector qualifications.

	3. Fabrication and/or layout drawings and details:
	a. Submit drawings for all fabrications and assemblies.
	1) Include erection drawings, plans, sections, details and connection details.

	b. Identify materials of construction, shop coatings and third party accessories.

	4. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Provide manufacturer's standard allowable load tables for the following:
	1) Grating and checkered plate.
	2) Castings, trench covers and accessories.
	3) Modular framing systems.


	5. Contractor designed systems and components:
	a. Certification that manufactured units meet all design loads specified.
	b. Shop Drawings and engineering design calculations:
	1) Indicate design live loads.
	2) Sealed by a licensed professional engineer, registered in the State of Texas.
	3) Engineer will review for general compliance with Contract Documents.

	c. Contractor designed systems and components include the following:
	1) Metal Stairs and associated landings.
	2) Ladders and associated landings.
	3) Gates.



	B. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Certification of welders and welding processes.
	a. Indicate compliance with AWS.

	3. NACE certification of surface preparation.
	4. NACE certification of paint application.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Deliver and handle fabrications to avoid damage.
	B. Store above ground on skids or other supports to keep items free of dirt and other foreign debris and to protect against corrosion.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Abrasive stair nosings (embedded in concrete stairs):
	a. American Safety Tread.
	b. Balco.

	2. Headed studs and deformed bar anchors:
	a. Nelson Stud Welding Div., TRW Inc.
	b. Stud Welding Products, Inc.

	3. Mechanical anchor bolts:
	a. See Section 03 15 19.

	4. Epoxy adhesive anchor bolts:
	a. See Section 03 15 19.

	5. Concrete screw anchors:
	a. See Section 03 15 19.

	6. Castings, trench covers and accessories:
	a. Neenah Foundry Co.
	b. Deeter Foundry Co.
	c. Barry Craft Construction Casting Co.
	d. McKinley Iron Works.

	7. Galvanizing repair paint:
	a. Clearco Products Co., Inc.
	b. ZRC Products.

	8. Modular framing system:
	a. Unistrut Building Systems.
	b. B-Line Systems.
	c. Kindorf.

	9. Ladder safety extension post:
	a. Bilco.

	10. Ladder fall protection system:
	a. DBI/SALA.
	b. Miller Equipment.
	c. North Specialty Products.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Steel:
	1. Structural:
	a. W-shapes and WT-shapes:  ASTM A992, Grade 50.
	b. All other plates and rolled sections:  ASTM A36.

	2. Pipe:  ASTM A53, Types E or S, Grade B or ASTM A501.
	3. Structural tubing:
	a. ASTM A500, Grade B (46 ksi minimum yield).

	4. Bolts, high strength:
	a. ASTM F3125, Grade A325.

	5. Nuts, high strength:
	a. ASTM A563.

	6. Washers (hardened):
	a. ASTM F436.
	b. Provide two (2) washers with all bolts.

	7. Bolts and nuts (unfinished):
	a. ASTM A307, Grade A.

	8. Welding electrodes:  AWS D1.1, E70 Series.
	9. Steel forgings:  ASTM A668.

	B. Iron:
	1. Ductile iron:  ASTM A536.
	2. Gray cast iron:  ASTM A48 (minimum 30,000 PSI tensile strength).
	3. Malleable iron:  ASTM A47, ASTM A197.

	C. Stainless Steel:
	1. Stainless steel in welded applications:  Low carbon 'L' type.
	2. Minimum yield strength of 30,000 PSI and minimum tensile strength of 75,000 PSI.
	a. Bars, shapes:  ASTM A276, Type 304.
	b. Tubing and pipe:  ASTM A269, ASTM A312 or ASTM A554, Type 304 or 316.
	c. Strip, plate and flat bars:  ASTM A666, Type 304 or 316.
	d. Bolts and nuts:  ASTM F593, Type 304 or 316.

	3. Minimum yield strength of 25,000 PSI and minimum tensile strength of 70,000 PSI.
	a. Strip, plate and flat bar for welded connections, ASTM A666, Type 304L or 316L.

	4. Welding electrodes:  In accordance with AWS for metal alloy being welded.

	D. Aluminum:
	1. Alloy 6061-T6, 32,000 PSI tensile yield strength minimum.
	a. ASTM B221 and ASTM B308 for shapes including beams, channels, angles, tees and zees.
	b. Weir plates, baffles and deflector plates, ASTM B209.

	2. Alloy 6063-T5 or T6, 15,000 PSI tensile yield strength minimum.
	a. ASTM B221 and ASTM B429 for bars, rods, wires, pipes and tubes.

	3. ASTM B26 for castings.
	4. ASTM F468, alloy 2024 T4 for bolts.
	5. ASTM F467, alloy 2024 T4 for nuts.
	6. Electrodes for welding aluminum:  AWS D1.2, filler alloy 4043 or 5356.

	E. Washers:  Same material and alloy as found in accompanying bolts and nuts.
	F. Embedded Anchor Bolts:
	1. See Specification Section 03 15 19.

	G. Mechanical Anchor Bolts and Adhesive Anchor Bolts:
	1. See Specification Section 03 15 19.

	H. Headed Studs:  ASTM A108 with a minimum yield strength of 50,000 PSI and a minimum tensile strength of 60,000 PSI.
	I. Deformed Bar Anchors:  ASTM A1064 with a minimum yield strength of 70,000 PSI and a minimum tensile strength of 80,000 PSI.
	J. Iron and Steel Hardware:  Galvanized in accordance with ASTM A153/A153M when required to be galvanized.
	K. Galvanizing Repair Paint:
	1. High zinc dust content paint for regalvanizing welds and abrasions.
	2. ASTM A780.
	3. Zinc content:  Minimum 92 PCT in dry film.
	4. ZRC "ZRC Cold Galvanizing" or Clearco "High Performance Zinc Spray."

	L. Dissimilar Materials Protection:  See Specification Section 09 91 00.

	2.3 MANUFACTURED UNITS
	A. Ladders:
	1. General:
	a. Fully welded type.
	1) All welds to be full penetration welds, unless otherwise specified.

	b. All ladders of a particular material shall have consistent construction and material shapes and sizes unless noted otherwise on the Drawings.
	c. Design ladder in accordance with OSHA Standards, ANSI A14.3, ASCE 7 and applicable Building Codes.
	d. Ladders shall be designed to support a minimum concentrated live load of 300 LBS at any point to produce the maximum stress in the member being designed.
	1) Apply additional 300 LB loads for each section of ladder exceeding 10 FT.

	e. Maximum allowable stresses per AA ADM 1 for aluminum ladders.
	f. Maximum allowable stresses per AISC Specification for steel and stainless steel ladders.
	g. Maximum lateral deflection:  Side rail span/240 when lateral load of 100 LBS is applied at any location.

	2. Material:
	a. Aluminum.
	b. Galvanized steel.
	c. Stainless steel:  Type 316.
	d. Ladder materials are specified in the Drawings for each specific ladder.
	e. Finish:
	1) Mill.
	2) Steel:  Galvanized after fabrication.
	3) Stainless steel:  Satin.


	3. Rails:
	a. Round pipe or rectangular tubing:
	1) Round pipe:
	a) 1-1/2 IN nominal diameter.
	b) Schedule 80.

	2) Rectangular tubing:
	a) Cross-section:  3 by 2 IN maximum.
	b) Thickness:  0.125 IN minimum.


	b. Spacing:
	1) Minimum clear distance between rails to be 18 IN.
	2) Step-through ladder extensions:  24 IN, centerline to centerline.

	c. Provide cap at exposed top and bottom of side rails.
	1) Provide weep holes as necessary to prevent the accumulation of moisture within hollow members.

	d. Extend side rails of step-through ladders a minimum of 42 IN above the landing.

	4. Rungs:
	a. Minimum 1 IN DIA or 1 IN square solid bar.
	1) Integral non-slip finish on all sides.
	a) Non-slip finish:  Coarse knurling or extruded serrations.
	b) Shop or field-applied grit tape and cap type non-slip finishes are not acceptable.


	b. Rungs shall penetrate inside wall of side rails.
	1) Do not extend rungs beyond the outside face of the side rail.
	2) Provide fillet weld all around rung at inside face of side rail and plug weld at outside face of side rail.

	c. Rung spacing:
	1) Uniform, 12 IN.
	2) Top rung shall be level with landing or platform.
	a) Where top of ladder terminates at grating cover, floor access door, roof hatch or similar condition; locate top rung as close as practicable to, but not more than 6 IN below, adjacent walking surface.

	3) Spacing of bottom rung from grade or platform may vary but shall not exceed 14 IN.


	5. Brackets:
	a. Angle or bent plate brackets welded to side rails:
	1) 3/8 IN by 2-1/2 IN by length required.
	2) Provide punched holes for 3/4 IN bolts or anchors.
	3) Minimum distance from centerline of rung to wall or any obstruction:  7 IN.
	4) Maximum spacing:  4 FT OC for aluminum, 6 FT OC for steel.

	b. For floor supported ladders, provide 3/8 by 2-1/2 by 4 IN rectangular bracket or 3/8 by 6 by 6 IN square plate welded to rails with punched holes for 3/4 IN bolts.
	1) Provide wall brackets on floor supported units if vertical run is over 4 FT.


	6. Landings:
	a. Construct landing, railing and all supports of same material as the ladder.
	b. Design live load for landing platform and supporting structure:
	1) 100 psf, uniform load.
	2) 300 LBS concentrated load on 4 IN square area.
	3) All components to be adequate for the uniform load or the concentrated load, whichever requires the stronger component.
	4) Maximum deflection:  1/300 of span under a superimposed live load of 100 PSF.

	c. Grating:
	1) Per this Specification Section.

	d. Structural support:  Channel or tubular sections with bracing, plates, angles, etc., to support guardrail and grating and to support landing from the side of the structure.
	1) Weld or bolt all connections using galvanized bolts, nuts and washers.

	e. Guardrails:
	1) Match ladder side rails.
	a) Space intermediate rails equally between top rail and top of kickplate.

	2) Provide 4 IN high x 3/8 IN thick toeboard each side of landing.


	7. Gates:
	a. Constructed of same material and sizes as the railing system.
	b. Hinges:
	1) Stainless steel.
	2) Heavy-duty, self-closing.

	c. Gate stop:
	1)  Galvanized steel.


	8. Ladder safety extension post:
	a. Telescoping tubular, same material as ladder, section that automatically locks into place when fully extended.
	b. Non-ferrous corrosion-resistant spring and hardware.
	c. Factory assembled with all hardware necessary for mounting to ladder.
	d. Bilco "LadderUp" safety post.

	9. Deflector plate:
	a. For aluminum ladders:  Minimum .0625 IN aluminum plate, ASTM B209.
	b. For stainless steel ladders:  Minimum .0625 IN stainless steel plate, ASTM A666.
	c. For steel ladders:  Minimum .0625 IN steel plate, ASTM A6.
	d. Profile as shown on Drawings.
	e. Fabricate to shapes and sizes required to meet OSHA Standards.

	10. Ladder fall protection system:
	a. Extruded aluminum safety rail.
	1) Safety rail shall extend from within 3 FT of base of ladder to top of ladder side rails.

	b. Extruded aluminum trolley with brake.
	1) Ice guard.

	c. Full body harness with adjustable leg straps, backpad, and front dee ring.
	d. Miller Equipment GlideLoc Ladder Climbing System.
	e. Provide all components required for a complete OSHA approved operating system.

	11. Security door:
	a. Sheet aluminum alloy 5005.
	1) Minimum 0.125 IN thick with mill finish.

	b. Continuous aluminum or stainless steel piano hinge.
	1) Handing as shown on Drawings.

	c. Minimum two (2) heavy-duty locking hasps.
	d. Full flush door panel with perpendicular side returns to within 2 IN of face of wall.
	e. Size:  Width as required by 7 FT high.
	f. Provide complete with all fasteners.
	g. Padlocks to be provided by Owner.
	h. O'Keefe's Inc.  Model "SD."


	B. Bollards:
	1. 8 IN DIA extra strength steel pipe, ASTM A53.
	a. Galvanized.
	b. See Specification Section 09 91 00 for painting requirements.


	C. Abrasive Stair Nosings:
	1. Exterior cast-in-place concrete stairs:
	a. One piece cast aluminum with wing anchors.
	b. Diamond abrasive pattern.
	c. Babcock Davis "BSTCA-C3W".

	2. Interior stairs:
	a. Two (2) component consisting of an embedded subchannel and an abrasive tread plate with integral photoluminescent strip.
	b. Subchannel:  6063-T5 extruded aluminum.
	1) Complete with concrete anchors.

	c. Tread plate:
	1) 6063-T5 extruded aluminum.
	2) Solid epoxy abrasive filler.
	a) Color:  Safety yellow.


	d. Balco "DXH-330."
	e. Finish:  Mill.

	3. Length:
	a. Concrete stairs and landings:
	1) 4 IN less than overall stair width.
	2) Where tread mounted railing post occurs, hold nosing back 4 IN clear from railing centerline.

	b. Concrete filled metal pan stairs:  Full length of tread.
	c. Concrete landings at metal stairs:  4 IN less than clear width between stringers.


	D. Metal Stairs:
	1. Treads:  Grating as specified.
	a. Provide integral corrugated non-slip nosing.

	2. Risers:
	a. Grating treads:
	1) Solid plate welded to trailing edge of tread or landing.
	2) Minimum 3/16 IN thick by 4 IN high.

	b. Checkered plate treads:  Solid checkered plate riser integral with tread.

	3. Landings:
	a. Grating as specified.
	b. Provide integral corrugated non-slip nosing at edge acting as stair tread/nosing.

	4. Design live load for landing platform and supporting structure:
	a. 100 psf, uniform load.
	b. 300 LBS concentrated load on 4 IN square area.
	c. All components to be adequate for the uniform load or the concentrated load, whichever requires the stronger component.
	d. Maximum deflection:  1/300 of span under a superimposed live load of 100 PSF.

	5. Design, fabricate, and install in compliance with NAAMM and applicable codes.
	a. NAAMM AMP 510:
	1) Exterior at site structures and equipment:  Industrial Class.
	2) Interior or exterior at buildings:  Service Class.


	6. Handrails and guardrails:  Refer to Specification Section 05 52 05.
	7. Material:
	a. Aluminum.
	b. Steel:  ASTM A36, galvanized after fabrication.


	E. Aluminum Checkered Plate:
	1. Conform to ASTM B632.
	a. Diamond pattern:  Use one (1) pattern throughout Project.
	b. Material:  Type 6061-T6.

	2. Design live load:
	a. 100 PSF, uniform load.
	b. 300 LBS concentrated load on 4 IN square area.
	c. All components to be adequate for the uniform load or the concentrated load, whichever requires the stronger component.
	d. Maximum deflection:  1/300 of span under a superimposed live load of 50 PSF.

	3. Reinforce as necessary with aluminum angles.
	4. Plate sections:
	a. Maximum 3 FT wide.
	b. Minimum 1/4 IN thick.
	c. Maximum 100 LBS per section if required to be removable.

	5. Provide joints at center of all openings unless shown otherwise.
	a. Reinforce joints and openings with additional angles to provide required load carrying capacity.

	6. Unless shown otherwise, frame for openings with aluminum checkered plate cover:
	a. Aluminum support angles:
	1) 3 by 2 by 1/4 IN minimum size with long leg vertical.
	2) 5/8 IN DIA adhesive anchor bolts spaced at maximum of 24 IN OC along each side with not less than two (2) anchor bolts per side.

	b. Aluminum concrete insert seats:
	1) 2 by 2 by 1/4 IN minimum size.
	2) Auto-welded studs or strap anchors at 18 IN OC with not less than two (2) studs or anchored per side.

	c. Drill and tap frame to receive 3/8 IN DIA fasteners at not more than 24 IN OC with not less than two (2) fasteners per side.
	1) Fasteners:  Stainless steel flat countersunk cap screws:  ASTM F879.



	F. Aluminum Grating:
	1. NAAMM MBG 531.
	2. Bearing bars:  Rectangular, 1-1/2 by 3/16 IN at 1-3/16 IN OC spacing OR I-bar, 1-1/2 IN deep with minimum 1/16 IN thick bar and minimum 1/4 IN flange width at 1-3/16 IN OC spacing (unless noted otherwise on Drawings).
	3. Cross bars:
	a. Welded, swaged or pressure locked to bearing bars:
	b. Maximum 4 IN/OC spacing.

	4. Top edges of bars:  Grooved or serrated.
	5. Finish:  Mill, standard.
	6. Clips and bolts:  Stainless steel.
	7. Seat angles:  Aluminum or stainless steel

	G. Steel Grating:
	1. NAAMM MBG 531.
	2. Bearing bars:
	a. Rectangular 1-1/2 by 3/16 IN unless otherwise noted on Drawings.
	b. Maximum 1-3/16 IN OC spacing.

	3. Cross bars:
	a. Welded, swagged or pressure locked to bearing bars.
	b. Maximum 4 IN OC spacing.

	4. Top edges of bars:  Serrated or grooved.
	5. Removable grating sections:  Not wider than 3 FT and not more than 100 LBS.
	6. Finish:
	a. Galvanized.
	b. Clips and bolts:  Stainless steel.
	c. Seat angles:  Galvanized steel.

	7. Ends and perimeter edges:  Banded.
	8. Openings through grating:  Reinforced to provide required load carrying capacity and banded with 4 IN high toe plate.
	9. Provide joints at openings between individual grating sections.

	H. Heavy-Duty Castings, Trench Covers, and Accessories:
	1. Prefabricated, cast iron ASTM A48 or ductile iron ASTM A536 or.
	2. Design load:  AASHTO HS-20 wheel loading for indicated span.
	3. Machine horizontal mating surfaces.

	I. Access Cover:
	1. Tank type manhole frame and solid lid:  ASTM A48 or ASTM A536, cast iron.
	2. Unless shown otherwise, design of cover shall be such that top of frame extends several inches above slab to prevent surface water from entering tank.
	3. Equip lid with four (4) stainless steel screws to secure lid to frame.

	J. Modular Framing System:
	1. Materials:
	a. Steel:  ASTM A1011, stainless steel, Grade 33.
	1) Hot-dipped galvanized, ASTM A123 or ASTM A153.

	b. Aluminum:  ASTM B221 or ASTM B209.
	c. Stainless steel:  ASTM A666.
	d. Fiberglass:  See Specification Section 06 82 00.

	2. Channels and inserts:
	a. Steel or stainless steel:  Minimum 12 GA.
	b. Aluminum:  Minimum 0.080 IN.
	c. Channels to have one (1) side with a continuous slot with in-turned lips.
	1) Width:  1-5/8 IN.
	2) Depth and configuration as necessary for loading conditions.


	3. Fittings:  Same material as system major components.
	4. Fasteners:
	a. Nuts:  Toothed groves in top of nuts to engage the in-turned lips of channel.
	b. Bolts:  Hex-head cap screws.
	c. Same material as system major components.

	5. End caps:
	a. At each exposed end of each piece mounted on walls, or guardrails, or suspended from framing 7 FT or less above the floor or platform.
	a) Plastic for all exposed ends 7 FT or more above floor or platform.
	b) Plastic or metallic for all other exposed ends.


	6. Schedule:
	a. Interior wet areas:  Aluminum
	b. Interior corrosive areas:  Fiberglass.
	c. Exterior areas:  Aluminum.
	d. All other areas not listed above:  Hot-dipped galvanized steel.

	7. Provide dissimilar materials protection in accordance with Specification Section 09 91 10.
	8. Repair all cut ends or otherwise damaged areas of galvanized steel in accordance with ASTM A780.


	2.4 FABRICATION
	A. Verify field conditions and dimensions prior to fabrication.
	B. Form materials to shapes indicated with straight lines, true angles, and smooth curves.
	1. Grind smooth all rough welds and sharp edges.
	a. Round all corners to approximately 1/32 - 1/16 IN nominal radius.


	C. Provide drilled or punched holes with smooth edges.
	1. Punch or drill for field connections and for attachment of work by other trades.

	D. Weld Shop Connections:
	1. Welds to be continuous fillet type unless indicated otherwise.
	2. Full penetration butt weld at bends in stair stringers and ladder side rails.
	3. Weld structural steel in accordance with AWS D1.1 using Series E70 electrodes conforming to AWS A5.1/A5.1M.
	4. Weld aluminum in accordance with AWS D1.2.
	5. Weld stainless steel in accordance with AWS D1.6.
	a. Treat all welded areas in accordance with ASTM A380.

	6. All headed studs to be welded using automatically timed stud welding equipment.
	7. Grind smooth welds that will be exposed.

	E. Passivate stainless steel items and stainless steel welds after they have been ground smooth.
	1. ASTM A380.

	F. Conceal fastenings where practicable.
	G. Fabricate work in shop in as large assemblies as is practicable.
	H. Tolerances:
	1. Rolling:
	a. ASTM A6.
	b. When material received from the mill does not satisfy ASTM A6 tolerances for camber, profile, flatness, or sweep, the Contractor is permitted to perform corrective work by the use of controlled heating and mechanical straightening, subject to the l...

	2. Fabrication tolerance:
	a. Member length:
	1) Both ends finished for contact bearing:  1/32 IN.
	2) Framed members:
	a) 30 FT or less:  1/16 IN.
	b) Over 30 FT:  1/8 IN.


	b. Member straightness:
	1) Compression members:  1/1000 of axial length between points laterally supported.
	2) Non-compression members:  ASTM A6 tolerance for wide flange shapes.

	c. Specified member camber (except compression members):
	1) 50 FT or less:  Minus 0/plus 1/2 IN.
	2) Over 50 FT:  Minus 0/plus 1/2 IN (plus 1/8 IN per 10 FT over 50 FT).
	3) Members received from mill with 75 PCT of specified camber require no further cambering.
	4) Beams/trusses without specified camber shall be fabricated so after erection, camber is upward.
	5) Camber shall be measured in fabrication shop in unstressed condition.

	d. At bolted splices, depth deviation shall be taken up by filler plates.
	1) At welded joints, adjust weld profile to conform to variation in depth.
	2) Slope weld surface per AWS requirements.

	e. Finished members shall be free from twists, bends and open joints.
	1) Sharp kinks, bends and deviation from above tolerances are cause for rejection of material.



	I. Fabricate grating, checkered plate, stairs, ladders and accessories using aluminum or galvanized steel as shown on Drawings.
	1. Finish:
	a. Mill, unless noted otherwise.
	b. Coat surfaces in contact with dissimilar materials.
	1) See Specification Section 09 91 10.



	J. Fabricate grating in accordance with NAAMM MBG 531.
	1. Maximum tolerance for difference in depth between grating depth and seat or support angle depth:  1/8 IN.
	2. Distance between edge of grating and face of embedded seat angle or face of wall or other structural member:  1/4 IN.
	a. Tolerance:  NAAMM MBG 531.

	3. Removable sections:  Not wider than 3 FT and not heavier than 100 LBS.
	4. Ends and perimeter edges:  Banded, with alternate bearing bars welded to band.
	a. Provide full depth banding unless noted otherwise.
	b. Banding at trenches and sumps to be 1/4 IN less than grating depth to allow for drainage.

	5. Openings through grating:  Reinforced to provide required load carrying capacity and banded with 4 IN high toe plate.
	6. Provide joints at openings between individual grating sections.
	7. Fabricate grating so that bearing bars and cross bars in adjacent sections are aligned.

	K. Fabricate checkered plate and miscellaneous metals in accordance with NAAMM AMP 555.
	1. Workmanship:  Class 2 unless noted otherwise.

	L. See Specification Section 09 91 10 for preparation and painting of ferrous metals and other surfaces.

	2.5 SOURCE QUALITY CONTROL
	A. Surface Preparation:
	1. Refer to Specification Section 09 91 10 for surface preparation requirements.
	2. All miscellaneous metal fabrication item surfaces shall be inspected and approved by NACE certified coatings inspector prior to application of shop-applied coatings.
	a. Inspection shall be performed to determine depth of blast profile and cleanliness of surface.
	b. Fabricator shall reblast and or re-clean surfaces as required until acceptable.


	B. Shop Applied Coating Application:
	1. All metal fabrications shall be hot-dipped galvanized prior to receiving specified coatings.
	2. Refer to Specification Section 09 91 10 for coating requirements.
	3. After surface has been accepted in writing by NACE certified coatings inspector, fabricator may proceed with application of coatings.
	4. Application of coatings shall be observed and certified by NACE certified coatings inspector.

	C. Shop Inspection and Testing:
	1. Owner will employ and pay for the services of a qualified independent testing agency to inspect and test all structural steel work for compliance with Contract Documents.
	2. Contractor responsible for testing to qualify shop and field welders and as needed for Contractor's own quality control to ensure compliance with Contract Documents.
	3. Independent testing agency shall have a minimum of five (5) years performing similar work and shall be subject to Owner's approval.

	D. Responsibilities of Testing Agency:
	1. Inspect shop and field welding in accordance with AWS Code including the following non-destructive testing:
	a. Visually inspect all welds.
	b. In addition to visual inspection, test 50 PCT of full penetration welds and 20 PCT of fillet welds with liquid dye penetrant or mag particle.
	c. Test 20 PCT of liquid dye penetrant tested full penetration welds with ultrasonic or radiographic testing.

	2. Inspect high-strength bolting in accordance with the RCSC Specification for Structural Joints Using High-Strength Bolts, Section 9.
	a. Verify direct tension indicator gaps, if applicable.

	3. Inspect structural steel which has been erected.
	4. Inspect stud welding in accordance with AWS Code.
	5. Prepare and submit inspection and test reports to Engineer.
	a. Assist Engineer to determine corrective measures necessary for defective work.




	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Provide items to be built into other construction in time to allow their installation.
	1. If such items are not provided in time for installation, cut in and install.

	B. Prior to installation, inspect and verify condition of substrate.
	C. Correct surface defects or conditions which may interfere with or prevent a satisfactory installation.
	1. Field welding aluminum is not permitted unless approved in writing by Engineer.


	3.2 INSTALLATION
	A. Set metal work level, true to line, plumb.
	1. Shim and grout as necessary.

	B. Contractor is solely responsible for safety.
	1. Construction means and methods and sequencing of work is the prerogative of the Contractor.
	2. Take into consideration that full structural capacity of many structural members is not realized until structural assembly is complete; e.g., until slabs, decks, and diagonal bracing or rigid connections are installed.
	3. Partially complete structural members shall not be loaded without an investigation by the Contractor.
	4. Until all elements of the permanent structure and lateral bracing system are complete, temporary bracing for the partially complete structure will be required.

	C. Adequate temporary bracing to provide safety, stability and to resist all loads to which the partially complete structure may be subjected, including construction activities and operation of equipment is the responsibility of the Contractor.
	1. Plumb, align, and set structural steel members to specified tolerances.
	2. Use temporary guys, braces, shoring, connections, etc., necessary to maintain the structural framing plumb and in proper alignment until permanent connections are made, the succeeding work is in place, and temporary work is no longer necessary.
	3. Use temporary guys, bracing, shoring, and other work to prevent injury or damage to adjacent work or construction from stresses due to erection procedures and operation of erection equipment, construction loads, and wind.
	4. Contractor shall be responsible for the design of the temporary bracing system and must consider the sequence and schedule of placement of such elements and effects of loads imposed on the structural steel members by partially or completely install...
	a. If not obvious from experience or from the Drawings, confer with the Engineer to identify those structural steel elements that must be complete before the temporary bracing system is removed.

	5. Remove and dispose of all temporary work and facilities off-site.

	D. Examine work-in-place on which specified work is in any way dependent to ensure that conditions are satisfactory for the installation of the work.
	1. Report defects in work-in-place which may influence satisfactory completion of the work.
	2. Absence of such notification will be construed as acceptance of work-in-place.

	E. Field Measurement:
	1. Take field measurements as necessary to verify or supplement dimensions indicated on the Drawings.
	2. Contractor responsible for the accurate fit of the work.

	F. Check the elevations of all finished footings or foundations and the location and alignment of all anchor bolts before starting erection.
	1. Use surveyor's level.
	2. Notify Engineer of any errors or deviations found by such checking.

	G. Framing member location tolerances after erection shall not exceed the frame tolerances listed in the FIELD QUALITY CONTROL Article in PART 3 of this Specification Section.
	H. Erect plumb and level; introduce temporary bracing required to support erection loads.
	I. Use light drifting necessary to draw holes together.
	1. Drifting to match unfair holes is not allowed.

	J. Welding:
	1. Conform to AWS D1.1 and requirements of the FABRICATION Article in PART 2 of this Specification Section.
	2. When joining two (2) sections of steel of different ASTM designations, welding techniques shall be in accordance with a qualified AWS D1.1 procedure.

	K. Shore existing members when unbolting of common connections is required.
	1. Use new bolts for rebolting connections.

	L. Clean stored material of all foreign matter accumulated prior to the completion of erection.
	M. Bolt Field Connections:  Where practicable, conceal fastenings.
	N. Field Welding:
	1. Follow AWS procedures.
	2. Grind welds smooth where field welding is required.

	O. Field cutting grating or checkered plate to correct fabrication errors is not acceptable.
	1. Replace entire section.

	P. Remove all burrs and radius all sharp edges and corners of miscellaneous plates, angles, framing system elements, etc.
	Q. Unless noted or specified otherwise:
	1. Connect steel members to steel members with 3/4 IN DIA ASTM F3125, Grade A325 high strength bolts.
	2. Connect aluminum to aluminum with 3/4 IN DIA stainless bolts.
	3. Connect aluminum to structural steel using 3/4 IN DIA stainless steel bolts.
	a. Provide dissimilar metals protection.

	4. Connect aluminum and steel members to concrete and masonry using stainless steel mechanical anchor bolts or adhesive anchor bolts unless shown otherwise.
	a. Provide dissimilar materials protection.

	5. Provide washers for all bolted connections.
	6. Where exposed, bolts shall extend a maximum of 3/4 IN and a minimum of 1/2 IN above the top of installed nut.
	a. If bolts are cut off to required maximum height, threads must be dressed to allow nuts to be removed without damage to the bolt or the nuts.


	R. Install and tighten ASTM F3125, Grade A325 high-strength bolts in accordance with the AISC 325, Allowable Stress Design (ASD).
	1. Provide hardened washers for all Grade A325 bolts.
	a. Provide the hardened washer under the element (nut or bolt head) turned in tightening.


	S. After bolts are tightened, upset threads of ASTM A307 bolts or anchor bolts to prevent nuts from backing off.
	T. Secure metal to wood with lag screws of adequate size with appropriate washers.
	U. Do not field splice fabricated items unless said items exceed standard shipping length or change of direction requires splicing.
	1. Provide full penetration welded splices where continuity is required.

	V. Provide each fabricated item complete with attachment devices as indicated or required to install.
	W. Anchor such that work will not be distorted nor fasteners overstressed from expansion and contraction.
	X. Set beam and column base plates accurately on nonshrink grout as indicated on Drawings.
	1. See Division 03 Specification Sections for non-shrink grout and anchorage.
	2. Set and anchor each base plate to proper line and elevation.
	a. Use metal wedges, shims, or setting nuts for leveling and plumbing columns and beams.
	1) Wedges, shims and setting nuts to be of same metal as base plate they support.
	2) Tighten nuts on anchor bolts.

	b. Fill space between bearing surface and bottom of base plate with nonshrink grout.
	1) Fill space until voids are completely filled and base plates are fully bedded on wedges, shims, and grout.

	c. Do not remove wedges or shims.
	1) Where they protrude, cut off flush with edge of base plate.

	d. Fill sleeves around anchor bolts solid with non-shrink grout.


	Y. Tie anchor bolts in position to embedded reinforcing steel using wire.
	1. Tack welding prohibited.
	a. Coat projecting bolt threads and nuts with heavy coat of clean grease.

	2. Anchor bolt location tolerance:
	a. Per Section 03 15 19.


	Z. Install bollards as detailed on Drawings.
	1. Fill pipe with concrete and round off at top.

	AA. Provide abrasive stair nosings in each tread and landing of all concrete stairs and at each concrete stair landing having metal stair structure attaching to the concrete landing.
	1. Center stair nosings in stair width.

	BB. Accurately locate and place frames for openings before casting into floor slab so top of plate is flush with surface of finished floor.
	1. Keep screw holes clean and ready to receive screws.

	CC. Attach grating to end and intermediate supports with grating saddle clips and bolts.
	1. Maximum spacing:  2 FT OC with minimum of two (2) per side.
	2. Attach individual units of aluminum grating together with clips at 2 FT OC maximum with a minimum of two (2) clips per side.

	DD. Coat aluminum surfaces in contact with dissimilar materials in accordance with Specification Section 09 91 10.
	EE. Repair damaged galvanized surfaces in accordance with ASTM A780.
	1. Prepare damaged surfaces by abrasive blasting or power sanding.
	2. Apply galvanizing repair paint to minimum 6 mils DFT in accordance with manufacturer's instructions.

	FF. Anchor ladder to concrete structure with minimum 3/4 IN stainless steel anchor bolts with minimum 6 IN embedment.
	GG. Anchor ladder to masonry structure with minimum 3/4 IN stainless steel anchor bolts with minimum 6 IN embedment.
	1. When anchoring into masonry, fill masonry cores with grout at anchor locations and each masonry core within 8 IN of anchor
	2. When anchoring into cavity wall construction, provide minimum 6 IN embedment into concrete or masonry back-up wall.
	a. At each anchor location, provide sleeve between back face of veneer and cavity face of concrete or masonry back-up wall.
	b. Cut cavity insulation as required and seal around sleeve.
	1) Sleeve to be 1 IN DIA schedule 40 stainless steel tubing, TP-304L, ASTM A269.
	a) Minimum wall thickness to be .065 IN.

	2) Continuously weld 4 by 4 by 1/4 IN Type 304 stainless steel, ASTM A666 flange onto each end of pipe.
	a) Drill 1 IN hole in flange to match pipe.
	b) Attach sleeve to concrete or masonry back-up with 1/4 IN concrete screw anchors.

	3) Grout solid, area around bolt where bolt penetrates veneer.
	4) Accurately locate sleeves to align with bolt locations on ladder.



	HH. Install ladder safety extension post in accordance with manufacturer's instructions.
	1. Mount device opposite the climbing side.
	2. Provide ladder safety extension device for all ladders unless noted otherwise.

	II. Mount ladder fall protection system with rail offset from ladder side rail approximately 3 IN.
	JJ. Install factory pre-fabricated stairs in location indicated in the Contract Documents and approved submittals.

	3.3 FIELD QUALITY CONTROL
	A. Tolerances shall meet structural requirements of Specification Section 05 12 00 for erecting items of structural nature.
	B. Tolerances (unless otherwise noted on the Drawings):
	1. Frame placement, after assembly and before welding or tightening.
	a. Deviation from plumb, level and alignment:  1 IN 500, maximum.
	b. Displacement of centerlines of columns:  1/2 IN maximum, each side of centerline location shown on Drawings.
	c. Displacement of centerlines of columns:  1/2 IN maximum, each side of centerline location shown on Drawings.


	C. OWNER Pays for Field Inspection and Testing:
	1. Owner will employ and pay for services of an independent testing agency to inspect and test structural steel shop and field work for compliance with this Specification Section.
	2. Contractor provides sufficient notification and access so inspection and testing can be accomplished.
	3. Contractor pays for retesting of failed tests and for additional testing required when defects are discovered.


	3.4 CLEANING
	A. After fabrication, erection, installation or application, clean all miscellaneous metal fabrication surfaces of all dirt, weld slag and other foreign matter.
	B. All stainless steel products in addition to Paragraph A. above:
	1. Remove all heat tint, rusting, discoloration by passivation, ASTM A380, or other acceptable means as listed in NiDI 11 007 as approved by the Engineer.

	C. Provide surface acceptable to receive field applied paint coatings specified in Specification Section 09 91 10.


	ALUMINUM RAILINGS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Aluminum handrail, stair rail and guardrail.
	2. Aluminum guardrail gates.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 05 50 00 - Metal Fabrications.
	4. Section 09 91 00 - Painting and Protective Coatings


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Aluminum Association (AA):
	a. ADM 1, Aluminum Design Manual.

	2. American Society of Mechanical Engineers (ASME):
	a. Section IX, Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and Welding and Brazing Operators.

	3. ASTM International (ASTM):
	a. B108, Standard Specification for Aluminum-Alloy Permanent Mold Castings.
	b. B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate.
	c. B221, Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes.
	d. B247, Standard Specification for Aluminum and Aluminum-Alloy Die Forgings, Hand Forgings, and Rolled Ring Forgings.
	e. B308, Standard Specification for Aluminum-Alloy 6061-T6 Standard Structural Profiles.
	f. B429, Standard Specification for Aluminum-Alloy Extruded Structural Pipe and Tube.

	4. American Welding Society (AWS):
	a. C5.5, Recommended Practices for Gas Tungsten Arc Welding.
	b. D1.2, Structural Welding Code - Aluminum.

	5. National Association of Architectural Metal Manufacturers (NAAMM):
	a. AMP 521, Pipe Railing Systems Manual.

	6. U.S.  Department of Justice, Architectural and Transportation Barriers Compliance Board (Access Board):
	a. Americans with Disabilities Act (ADA):
	1) Accessibility Guidelines for Buildings and Facilities (ADAAG).


	7. Occupational Safety and Health Administration (OSHA):
	a. 29 CFR 1910, Occupational Safety and Health Standards, referred to herein as OSHA Standards.

	8. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.



	B. Qualifications:
	1. Qualify welding procedures and welding operators in accordance with AWS and ASME Section IX.


	1.3 DEFINITIONS
	A. Guardrail:  A system of building components located near the open sides of elevated walking surfaces for the purpose of minimizing the possibility of an accidental fall from the walking surface to the lower level.
	B. Handrail:  A horizontal or sloping rail intended for grasping by the hand for guidance or support.
	C. Railing:  A generic term referring to guardrail, handrail and/or stair rails.
	D. Stair Rail:  A guardrail, installed at the open side of stairways with either a handrail mounted to the inside face of the guardrail, or where allowed by applicable codes, with the top rail mounted at handrail height and serving the function of a h...

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Fabrication and/or layout drawings:
	a. Drawings showing profile, location, sections and fabrication details including all welding information of each railing.
	b. Type and details of anchorage.
	c. Location and type of expansion joints.
	d. Materials of construction, shop coatings and all third-party accessories.

	3. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation details.

	4. Certification that railings have been designed and fabricated to meet the loading requirements specified.
	5. Calculations for all proposed deviations from the Specification.
	a. Calculations shall be performed, sealed, signed and dated by a registered professional structural engineer licensed in the State of Texas.
	b. Calculations shall be specific to this Project and shall include all assumptions, references and design interpretations used to achieve the results obtained by the Engineer.
	c. Reduction in load criteria is not acceptable as reason for deviation from sizes indicated in the Specification.


	B. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Certification of welders and welding procedures indicating compliance with AWS requirements.


	1.5 delivery, storage and handling
	A. Deliver and handle railings to preclude damage.
	B. Store railings on skids, keep free of dirt and other foreign matter which will damage railings or finish and protect against corrosion.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Mechanically fastened component railing systems.
	a. J.  G.  Braun.
	b. Hollaender Railing Systems.
	c. Moultrie Manufacturing Company (Wesrail).
	d. Tuttle Railing Systems


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Alloy 6061-T6, 32,000 PSI tensile yield strength minimum.
	1. ASTM B209 for sheets and plates.
	2. ASTM B221 and ASTM B308 for shapes - beams, channels, angles, tees, and zees.
	3. ASTM B247 for forgings.

	B. Alloy 6063-T5 or T6, 15,000 PSI tensile yield strength minimum.
	1. ASTM B221 and ASTM B429 for bars, rods, wires, pipes and tubes.

	C. Cast Fittings:  Aluminum, ASTM B108.
	D. Shims:  Aluminum of same alloy as component being shimmed.
	E. Fasteners:  See Specification Section 05 50 00.
	F. Expansion and Adhesive Anchors:  See Specification Section 03 15 19.
	G. Electrodes for Welding:
	1. Aluminum:  AWS D1.2.
	2. Filler alloy 5356 or 4043.


	2.3 FABRICATION
	A. General:
	1. Verify field conditions and dimensions prior to fabrication.
	2. For fabrication of items which will be exposed to view, use only materials which are smooth and free of surface blemishes including pitting, seam marks, roller marks, rolled trade names and roughness.
	a. Remove blemishes by grinding and buffing or by welding and grinding, prior to cleaning, treating and application of surface finishes.

	3. Form exposed work with smooth, short radius bends, accurate angles and straight edges.
	a. Ease exposed edges to a radius of approximately 1/32 IN.
	b. Form bent-metal corners to smallest radius possible without causing grain separation or otherwise impairing work.
	c. Drill or punch holes with smooth edges.

	4. Form exposed connections with flush, smooth, hairline joints, using stainless steel or aluminum splice locks to splice sections together or by welding.
	a. Ease the edges of top rail splices and expansion joints and remove all burrs left from cutting.

	5. Provide for anchorage of type indicated on Drawings or as required by field conditions.
	a. Drill or punch holes with smooth edges.

	6. Design railings and anchorage system in accordance with NAAMM AMP 521 to resist loading as required by Building Code.
	a. Maximum allowable stresses per AA ADM 1.

	7. Design railings in accordance with accessibility requirements per the Building Code and  ADAAG.

	B. Custom fabricate railings to dimensions and profiles indicated.
	1. Guardrails:
	a. Schedule 40 pipe.
	b. Top rails:  2 IN nominal diameter.
	c. Intermediate rails:  1-1/2 IN nominal diameter.
	d. Vertical posts:
	1) 2 IN nominal diameter.
	2) Vertical posts that are to be side-bracket mounted to a vertical concrete surface or metal structure shall use Alloy 6063-T6.


	2. Handrail mounted to wall or to guardrail vertical posts:  1-1/4 IN nominal diameter Schedule 40 pipe.
	3. Where details are not indicated, space intermediate rails to requirements of the Building Code or OSHA Standards, whichever requires the more restrictive design.
	4. Space vertical posts as required by loading requirements but not more than 4 FT on center.
	a. Avoid locating vertical posts at changes in direction of railing.
	b. Hold vertical post back from corner and provide radiused corners.

	5. Space handrail brackets as required by loading requirements but not more than 4 FT on center.
	6. Base plate for vertical guardrail posts mounted to top of concrete surface:
	a. 3/8 x 6 x 6 IN square plate.
	b. Predrilled to accept four (4) anchors.
	c. Provide a 2 IN DIA x 8 IN long solid aluminum rod welded to the base plate.
	d. Fit the vertical post over the solid rod and weld the post to the base plate.

	7. Base plate for vertical guardrail post mounted to flange of metal structure:
	a. 3/8 x 3 x 8 IN plate.
	b. Predrilled to accept two (2) fasteners.
	c. Provide a 2 IN DIA x 8 IN long solid aluminum rod welded to the base plate.
	d. Fit the vertical post over the solid rod and weld the post to the base plate.

	8. Mounting bracket for vertical guardrail post mounted to vertical concrete surface or web of metal structural member:
	a. Pair of 3/8 IN angles or bent plates.
	b. Predrilled to accept two (2) fasteners each.
	c. Weld angles or bent plates to vertical posts.
	d. Provide toeboards on walkway side of all elevated walkways, platforms and stair landings, and where indicated on the Drawings or required by OSHA Standards.
	1) 4 IN high extruded toeboard with stiffener ribs and angled toe.
	a) Similar to Wagner, Model "IR94102."


	e. Guardrail gates:
	1) Constructed of same material and sizes as the guardrail system.
	2) Width of gate as shown on Drawings.
	3) Hinges:
	a) Cast aluminum.
	b) Self-closing.
	(1) Stainless steel torsion spring.

	c) Similar to Wagner, Model "IR100."

	4) Gate latch and stop:
	a) Cast aluminum.
	b) Spring-loaded pin latch.
	(1) Stainless steel spring.

	c) Similar to Wagner, Model "IR101."




	C. Railing Fabrication:
	1. All railings are to be mechanically fastened component system.
	2. Railing system shall be an engineered system designed specifically for use as guardrail system.
	a. Fittings shall be internally connected, flush-fitting aluminum or stainless steel.
	b. Fasteners shall be 302 series stainless steel Allen head set screws.
	1) Rivets, adhesive or headed screws are not acceptable.


	3. Fit exposed ends of guardrails and handrails with solid terminations.
	a. Return ends of handrail to wall, but do not attach to wall.
	b. Where guardrail terminates at a wall, provide a vertical post or end-loop 4 IN off the wall to center of vertical member.

	4. Preassemble items in shop to greatest extent possible to minimize field splicing and assembly of units at project site.
	5. Install weeps to drain water from hollow sections of railing at exterior and high humidity conditions.
	a. Drill 1/4 IN weep hole in railings closed at bottom:
	1) 1 IN above walkway surface at bottom of posts set in concrete.
	2) 1 IN above solid aluminum rod at posts having base plate.
	3) At low point of intermediate rails.

	b. Do not drill weep holes:
	1) In bottom of base plate.


	6. Expansion joints:
	a. Joints to be designed to allow expansion and contraction of railing and still meet design loads required.
	1) Top rail splices and expansion joints shall be located within 8 IN of post or other support.

	b. Provide expansion joints in any continuous run exceeding 20 FT in length.
	1) Space expansion joints at not more than 40 FT on center.

	c. Provide minimum 0.10 IN of expansion joint for each 20 FT length of top rail for each 25 DegF differential between installation temperature and maximum design temperature.
	1) Maximum expansion joint width at time of installation shall not exceed 3/8 IN.
	a) Provide additional expansion joints as required to limit expansion joint width.


	d. Provide slip-joint with internal sleeve.
	1) Extend slip joint min 2 IN beyond joint at maximum design width.
	2) Fasten internal sleeve securely to one side
	a) Provide allen-head set screw located in bottom of rail.
	b) Rivets or exposed screw heads are not acceptable.




	D. Finish:  Mill.
	1. Powder Coated:
	a. PVDF powder coating:
	1) Minimum 70 PCT resin content.
	2) Meet requirements of AAMA 2605.

	b. ColorTo be selected by the Owner.




	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Prior to installation, inspect and verify condition of substrate.
	B. Correct surface defects or conditions which may interfere with or prevent a satisfactory installation.
	1. Field welding aluminum is not permitted unless approved in writing by Engineer.


	3.2 INSTALLATION
	A. Install handrails and guardrails to meet loading requirements of the Building Code.
	B. Install products in accordance with manufacturer's instructions.
	C. Set work accurately in location, alignment and elevation; plumb, level and true.
	1. Measure from established lines and items which are to be built into concrete, masonry or similar construction.

	D. Align railings prior to securing in place to assure proper matching at butting and expansion joints and correct alignment throughout their length.
	1. Provide shims as required.

	E. Install proper sized expansion joints based on temperature at time of installation and differential coefficient of expansion of materials in all railings as recommended by manufacturer.
	1. Lubricate expansion joint splice bar for smooth movement of railing sections.

	F. Provide removable railing sections where indicated on Drawings.
	G. Attach handrails to walls or guardrail with brackets designed for condition:
	1. Provide brackets which provide a minimum 1-1/2 IN clearance between handrail and nearest obstruction.
	a. Handrails shall not project more than 4-1/2 IN into required stairway width.

	2. Anchor handrail brackets to concrete or masonry walls with 1/2 IN stainless steel adhesive anchors with stainless steel hex head bolts.

	H. Anchor railings to concrete with minimum 1/2 IN stainless steel adhesive anchors with stainless steel bolts, nuts and washers unless noted otherwise in the Contract Documents.
	1. Where exposed, bolts shall extend minimum 1/2 IN and maximum 3/4 IN above the top nut.
	a. If bolts are cut off to required height, threads must be dressed to allow nuts to be removed without damage to the bolt or the nut.
	b. Bevel the top of the bolt after cutting to provide a smooth surface.


	I. Anchor railings to metal structure with minimum 3/4 IN stainless steel bolts, nuts and washers.
	J. Install toeboards to fit tight to the walking surface.
	1. Attach to railing vertical post with manufacturer's standard mounting clamp:
	a. Adjustable.
	b. Designed to engage in extruded slot on back of toeboard.

	2. Provide splice bars, corner splices and brackets:
	a. Manufacturer's standard items as required for a complete installation.

	3. Notch toeboards at base plates or other obstructions.
	4. Bottom of toeboard shall not exceed 1/4 IN above walking surface.

	K. Coat aluminum in contact with dissimilar metal or concrete in accordance with Specification Section 09 91 00.
	L. Provide railings as required for stair construction identified in Specification Section 05 50 00.
	M. Install guardrail gate plumb and level in location shown on Drawings.
	1. Center gate in opening.
	2. Top of gate to match top of guardrail.
	3. Fasten hinges to gate and jamb post:
	a. Minimum three (3) 1/4 IN stainless steel countersunk machine screws per leaf.
	b. Drill and tap into railing and gate vertical posts.

	4. Provide not less than two (2) hinges per gate.
	5. Install gate latch and stop on strike side of opening.
	a. Fasten to gate with 1/4 IN stainless steel countersunk machine screws.
	b. Drill and tap into gate vertical post.
	c. Drill hole in railing vertical post to receive latch pin.

	6. Adjust to provide smooth operation:
	a. Self-closing and self-latching.




	STEEL RAILINGS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Steel handrail, stair rail and guardrail.
	2. Steel guardrail gates.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 05 50 00 - Metal Fabrications.
	4. 09 91 00 - Painting and Protective Coatings.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. U.S.  Department of Justice, Architectural and Transportation Barriers Compliance Board (Access Board):
	a. Americans with Disabilities Act (ADA):
	1) Accessibility Guidelines for Buildings and Facilities (ADAAG).


	2. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless.
	c. A123/A123M, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
	d. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
	e. A501, Standard Specification for Hot-Formed Welded and Seamless Carbon Steel Structural Tubing.

	3. American Welding Society (AWS):
	a. D1.1, Structural Welding Code - Steel.

	4. National Association of Architectural Metal Manufacturers (NAAMM):
	a. AMP 521, Pipe Railing Systems Manual.

	5. Occupational Safety and Health Administration (OSHA):
	a. 29 CFR 1910, Occupational Safety and Health Standards, referred to herein as OSHA Standards.

	6. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.



	B. Qualify welding procedures and welding operators in accordance with AWS.

	1.3 DEFINITIONS
	A. Hardware:  As defined in ASTM A153/A153M.
	B. Galvanizing:  Hot-dip galvanizing per ASTM A123/A123M or ASTM A153/A153M with minimum coating of 2.0 OZ of zinc per square foot of metal (average of specimens) unless noted otherwise or dictated by standard.
	C. Guardrail:  A system of building components located near the open sides of elevated walking surfaces for the purpose of minimizing the possibility of an accidental fall from the walking surface to the lower level.
	D. Handrail:  A horizontal or sloping rail intended for grasping by the hand for guidance or support.
	E. Railing:  A generic term referring to guardrail, handrail and/or stair rails.
	F. Stair Rail:  A guardrail, installed at the open side of stairways with either a handrail mounted to the inside face of the guardrail, or where allowed by applicable codes, with the top rail mounted at handrail height and serving the function of a h...

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Fabrication and/or layout drawings.
	a. Plan showing profile, location, section and details of each railing, and type and details of anchorage system.
	b. Location and type of expansion joints.
	c. Materials of construction including shop-applied coatings.

	3. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.


	B. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Certification of welders and welding procedures indicating compliance with AWS.
	3. Certification that railings have been designed and fabricated to meet the loading requirements specified.  To be signed and sealed by a structural engineer licensed to practice in the state of Texas.


	1.5 DELIVERY, STORAGE AND HANDLING
	A. Deliver and handle railings to preclude damage.
	B. Store railings on skids, keep free of dirt and other foreign matter which will damage railings or finish and protect from corrosion.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Welded railing systems:
	a. Any manufacturer meeting this Specification Section.

	2. Galvanizing repair paint:
	a. ZRC Products.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Pipe:  ASTM A53, Types E or S, Grade B, or ASTM A501.
	B. Steel Sheet, Bar (Pickets) and Plate:  ASTM A36.
	C. Galvanizing Repair Paint:
	1. High zinc dust content paint for regalvanizing welds and abrasions.
	2. Dried film shall contain not less than 95 PCT zinc dust by weight.
	3. ZRC Products "ZRC."

	D. Expansion and Adhesive Anchors:  See Specification Section 05 50 00.
	E. Welding Electrodes:  AWS D1.1, E70 Series.

	2.3 FABRICATION
	A. General:
	1. Verify field conditions and dimensions prior to fabrication.
	2. For fabrication of items which will be exposed to view, use only materials which are smooth and free of surface blemishes including pitting, seam marks, roller marks, rolled trade names and roughness.
	a. Remove blemishes by grinding and buffing or by welding and grinding, prior to cleaning, treating and application of surface finishes.

	3. Form exposed work with smooth, short radius bends, accurate angles and straight edges.
	a. Ease exposed edges to a radius of approximately 1/32 IN.
	b. Form bent-metal corners to smallest radius possible without causing grain separation or otherwise impairing work.

	4. Form exposed connections with flush, smooth, hairline joints, using galvanized steel splice locks to splice sections together or by welding.
	5. Provide for anchorage of type indicated on the Drawings or as required by field conditions.
	a. Drill or punch holes with smooth edges.

	6. Design railing and anchorage system in accordance with NAAMM AMP 521 to withstand loading as required by Building Code.
	7. Design railings in accordance with accessibility requirements per the Building Code and ADAAG.

	B. Custom fabricate pipe railings to dimensions and profiles indicated.
	1. Guardrails:
	a. 1-1/2 IN nominal diameter pipe.
	b. Top rails and intermediate rails:  Schedule 40.
	c. Vertical posts:  Schedule 80.

	2. Handrails mounted to walls or guardrail vertical posts:  1-1/4 IN nominal diameter Schedule 40 pipe.
	3. Where details are not indicated, space intermediate rails to requirements of the Building Code or OSHA Standards, whichever requires the more restrictive design.
	4. Space vertical posts as required by loading requirements but not more than 4 FT OC.
	a. Avoid locating vertical posts at changes in direction of railing.
	b. Hold vertical post back from corner and provide radiused corners.

	5. Space handrail brackets as required by loading requirements but not more than 4 FT OC.
	6. Base plate for vertical guardrail posts mounted to top of concrete surface:
	a. 3/8 x 6 x 6 IN square plate welded to the vertical post.
	b. Predrilled to accept four anchors.

	7. Base plate for vertical guardrail post mounted to metal structure:
	a. 3/8 x 2-1/2 x 8 IN plate welded to the vertical post.
	b. Predrilled to accept two fasteners.

	8. Mounting bracket for vertical guardrail post mounted to vertical concrete surface or web of metal structural member:
	a. Pair of 3/8 IN angles or bent plates welded to vertical posts.
	b. Predrilled to accept two fasteners each.
	c. Provide 1/4 x 4 IN high toe boards at elevated walkways and platforms, where indicated on the Drawings or required by OSHA Standards.
	1) Clearance between bottom of toe board and walking surface shall not exceed 1/4 IN.

	d. Guardrail gates:
	1) Constructed of same material and sizes as the guardrail system.
	2) Width of gate as shown on Drawings.
	3) Hinges:
	a) Self-closing.
	(1) Stainless steel torsion spring.

	b) Similar to Wagner, Model "IR100."

	4) Gate latch and stop:
	a) Spring-loaded pin latch.
	(1) Stainless steel spring.

	b) Similar to Wagner, Model "IR101."




	C. Welded Railing Fabrication:
	1. All welding to be continuous in accordance with AWS D1.1.
	a. All welded railing joints shall have full penetration welds.

	2. All exposed welds to be ground and buffed smooth and flush to match and blend with adjoining surfaces.
	a. NAAMM AMP 521, Type 2.

	3. No ragged edges, surface defects, or undercutting of adjoining surfaces will be accepted.
	4. Fit exposed ends of guardrails and handrails with solid terminations.
	a. Return ends of handrails to wall but do not attach to wall.

	5. Preassemble items in shop to greatest extent possible to minimize field splicing and assembly of units at project site.

	D. Install weeps to drain moisture from hollow sections of railing at exterior locations and in high humidity areas.
	1. Drill 1/4 IN weep hole in railings closed at bottom:
	a. 1 IN above walkway surface at bottom of posts.
	1) 1 IN above solid rod at removable railing sections.

	b. At low point of intermediate rails.
	c. Drill hole prior to galvanizing.
	d. Do not drill weep holes:
	1) In bottom of base plate.



	E. Expansion Joints:
	1. Joints to be designed to allow expansion and contraction of railing and still meet design loads required.
	a. Top rail splices and expansion joints shall be located within 8 IN of post or other support.
	b. Where railings span building expansion joints; provide a railing expansion joint in the span crossing the building expansion joint.

	2. Provide expansion joints in any continuous run exceeding 20 FT in length.
	a. Space expansion joints at not more than 40 FT on center.

	3. Provide minimum 0.10 IN of expansion joint for each 20 FT length of top rail for each 25 DegF differential between installation temperature and maximum design temperature.
	a. Maximum expansion joint width at time of installation shall not exceed 3/8 IN.
	1) Provide additional expansion joints as required to limit expansion joint width.


	4. Provide slip-joint with internal sleeve.
	a. Extend slip joint min 2 IN beyond joint at maximum design width.
	b. Fasten internal sleeve securely to one side
	1) Provide allen-head set screw located in bottom of rail.
	2) Rivets or exposed screw heads are not acceptable.



	F. Finish:
	1. Hot-dip galvanize after fabrication.
	2. Powder coated:
	a. Hot-dip galvanize after fabrication.
	b. Prepare galvanized surfaces in accordance with ASTM D6386.
	c. PVDF powder coating:
	1) Minimum 70 PCT resin content.
	2) Meet requirements of AAMA 2605.

	d. Color:  To be selected by the Owner.




	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Prior to installation, inspect and verify condition of substrate.
	B. Correct surface defects or conditions which may interfere with or prevent a satisfactory installation.

	3.2 INSTALLATION
	A. Install handrails and guardrails to meet loading requirements of the Building Code.
	B. Install products in accordance with NAAMM AMP 521 and manufacturer's instructions.
	C. Set work accurately in location, alignment and elevation; plumb, level, and true.
	1. Measure from established lines and items which are to be built into concrete, masonry or similar construction.

	D. Align railings prior to securing in place to assure proper matching at butting and expansion joints and correct alignment throughout their length.
	1. Provide shims as required.

	E. Install proper sized expansion joints based on temperature at time of installation and differential coefficient of expansion of materials in all railings as recommended by manufacturer.
	1. Lubricate expansion joint splice bar for smooth movement of railing sections.

	F. Provide removable railing sections where indicated on Drawings.
	G. Attach handrails to walls or guardrails with brackets designed for condition.
	1. Provide brackets which provide a minimum 1-1/2 IN clearance between handrail and nearest obstruction.
	a. Handrails shall not project more than 4-1/2 IN into required stairway width.

	2. Anchor handrail brackets to concrete or masonry walls with 1/2 IN stainless steel adhesive anchors and stainless steel hex head bolts.

	H. Anchor railings to concrete with minimum 1/2 IN stainless steel adhesive anchors with stainless steel bolts, nuts and washers unless noted otherwise in the Contract documents.
	1. Where exposed, bolts shall extend minimum 1/2 IN and maximum 3/4 IN above the top nut.
	a. If bolts are cut off to required height, threads must be dressed to allow nuts to be removed without damage to the bolt or the nut.
	b. Bevel the top of the bolt after cutting to provide a smooth surface.


	I. Anchor railings to metal structure with minimum 3/4 IN stainless steel bolts, nuts and washers.
	J. Install toeboards to fit tight to the walking surface.
	1. Attach to railing vertical post with manufacturer's standard mounting clamp:
	a. Adjustable.
	b. Designed to engage in extruded slot on back of toeboard.

	2. Provide splice bars, corner splices and brackets:
	a. Manufacturer's standard items as required for a complete installation.

	3. Notch toeboards at base plates or other obstructions.
	4. Bottom of toeboard shall not exceed 1/4 IN above walking surface.

	K. Repair damaged galvanized surfaces in accordance with ASTM A780.
	1. Properly prepare surface in accordance with galvanizing repair paint manufacturer's recommendations.
	2. Apply minimum 6 MILS DFT of galvanizing repair paint in accordance with manufacturer's recommendations.

	L. Prepare and paint railings in accordance with Specification Section 09 91 00.
	M. Provide railings as required for stair construction identified in Specification Section 05 50 00.
	N. Install guardrail gate plumb and level in location shown on Drawings.
	1. Center gate in opening.
	2. Top of gate to match top of guardrail.
	3. Fasten hinges to gate and jamb post:
	a. Minimum three, 1/4 IN stainless steel countersunk machine screws per leaf.
	b. Drill and tap into railing and gate vertical posts.

	4. Provide not less than two hinges per gate.
	5. Install gate latch and stop on strike side of opening.
	a. Fasten to gate with 1/4 IN stainless steel countersunk machine screws.
	b. Drill and tap into gate vertical post.
	c. Drill hole in railing vertical post to receive latch pin.

	6. Adjust to provide smooth operation:
	a. Self-closing and self-latching.




	ROUGH CARPENTRY
	Part 1 - GENERAl
	1.1 summary
	A. Section Includes:
	1. Rough carpentry.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 05 50 00 - Metal Fabrications.
	4. Section 07 61 13 - Metal Roofing.
	5. Section 07 62 00 - Flashing and Sheet Metal.
	6. Section 07 92 00 - Joint Sealants.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. The Engineered Wood Association (APA):
	a. PRP-108, Performance Standards and Qualification Policy for Structural Use Panels.
	b. U450E, Storage and Handling of APA Trademarked Panels.
	c. Y510T, Plywood Design Specification.

	2. ASTM International (ASTM):
	a. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
	b. D2898, Standard Practice for Accelerated Weathering of Fire-Retardant-Treated Wood for Fire Testing.
	c. D4442, Standard Test Methods for Direct Moisture Content Measurement of Wood and Wood-Base Materials.
	d. D4444, Standard Test Method for Laboratory Standardization and Calibration of Hand-Held Moisture Meters.
	e. E84, Standard Test Method for Surface Burning Characteristics of Building Materials.

	3. American Wood Protection Association (AWPA):
	a. M2, Standard for Inspection of Wood Products Treated with Preservatives.
	b. M3, Standard Quality Control Procedures for Wood Preserving Plants.
	c. M4, Standard for the Care of Preservative-Treated Wood Products.
	d. P5, Standard for Waterborne Preservatives.
	e. U1, Use Category System:  User Specification for Treated Wood.

	4. American National Standards Institute/Single Ply Roofing Industry (ANSI/SPRI):
	a. ES-1, Wind Design Standard for Edge Systems Used with Low Slope Roof Systems.

	5. Environmental Protection Agency (EPA).
	6. FM Global (FM):
	a. 1-49, Property Loss Prevention Data Sheets - Perimeter Flashing.

	7. National Institute of Standards and Technology (NIST):
	a. PS-1, Construction and Industrial Plywood.
	b. PS-20, American Softwood Lumber Standard.

	8. Underwriters Laboratories, Inc. (UL):
	a. 723, Standard for Test for Surface Burning Characteristics of Building Materials.

	9. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2018 Edition including all amendments, referred to herein as Building Code.



	B. Qualifications:
	1. Wood Treatment Plant:  AWPA M3.
	2. Treated Wood Inspection:  AWPA M2.

	C. Miscellaneous:
	1. Factory marking:
	a. Lumber:
	1) Identify type, grade, moisture content, inspection service, producing mill, and other qualities specified.
	2) Marking may be omitted, as allowed by Building Code, if certificate of inspection is provided for each shipment.




	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Fabrication drawings of all fabricated items.
	3. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions for all products specified.

	4. Certifications:
	a. Chemicals used in treatment process are registered with and approved by EPA.
	b. Moisture content of material prior to treatment:  25 PCT maximum.
	c. Material has been kiln-dried after treatment (KDAT) to the moisture content specified.

	5. Documentation of treatment of treated material in accordance with standards referenced.


	1.4 delivery and storage
	A. Delivery, storage and handling of untreated wood products:
	1. Lumber:  As recommended by the grading agency indicated on the grade stamp.

	B. Delivery, storage, handling and disposal of treated wood products:  AWPA M4.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the manufacturers listed in the applicable Articles below are acceptable.
	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. General:
	1. Lumber (for framing, blocking, nailers, furring, grounds and similar members):
	a. NIST PS-20.
	b. Species:
	1) Treated material:  As indicated in the appropriate AWPA standard.

	c. Grade:
	1) For nominal sizes up to and including 2 x 4:  Standard and better.
	2) For nominal sizes up to 2 IN thick and wider than 4 IN:  #2 and better.



	B. Preservative Treated Material:
	1. Moisture content:
	a. Prior to treatment:  25 PCT.
	b. Kiln-dry after treatment (KDAT), ASTM D4442 and ASTM D4444:
	1) Lumber:  19 PCT maximum.


	2. Preservative:
	a. Waterborne:  AWPA P5.
	b. As indicated in the appropriate AWPA standard.

	3. Pressure-treat material in accordance with AWPA U1.
	4. Wherever practicable, material to be treated shall be manufactured in its final form prior to treatment.

	C. Fasteners and Anchors:
	1. Nails and screws:
	a. Dry, non-corrosive exposure:  Hot dipped galvanized or Type 304 stainless steel.
	b. Wet, corrosive, marine, and/or below grade:  Type 316 stainless steel.

	2. Adhesive anchors, expansion anchors, self-tapping concrete anchors, bolts, nuts, and washers:  See Specification Section 05 50 00.



	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Verify measurements, dimensions, and shop drawing details before proceeding.
	B. Coordinate location of studs, nailers, blocking, grounds and similar supports for attached work.
	C. Eliminate sharp projections which would puncture roofing, flashing or underlayment material.

	3.2 ERECTION AND INSTALLATION
	A. General:
	1. Provide preservative treated material for all wood used:
	a. Outside building.
	b. Below grade.


	B. Attach work securely by anchoring and fastening as indicated or required to support applied loading.
	1. Anchor wood to concrete using adhesive or expansion anchors as specified in Specification Section 05 50 00.
	a. Separate wood from direct contact to concrete with polyethylene foam gasket strip.
	1) Size: 1/4 IN by width of wood member.
	2) Owens Corning "SillSealR".


	2. Anchor wood to metal using bolts and nuts as specified in Specification Section 05 50 00.
	3. Provide flat washers under all bolt heads and nuts.
	4. Fasten plywood in accordance with APA recommendations.
	5. Use fasteners of size that will not penetrate members where opposite side will be exposed to view or receive finish materials.
	6. Install fasteners without splitting of wood; predrill as required.
	7. Do not drive threaded friction type fasteners.
	8. Tighten bolts and lag screws at installation and retighten as required.

	C. Set work to required levels and lines, plumb, true.
	1. Shim as required.
	2. Cut and fit accurately.

	D. Provide wood grounds, nailers, or blocking where required for attachment of other work and surface applied items.
	1. Form to shapes indicated or required.
	a. Field treat cuts and holes in preservative treated material in accordance with AWPA M4 and manufacturer's published recommendations.

	2. Grounds:
	a. Dressed, key beveled lumber minimum 1-1/2 IN wide of thickness required to bring face of ground even with finish material.
	b. Remove temporary grounds when no longer required.

	3. Install roofing nailers as necessary for attachment of flashing, curbs, fascia, coping, and related accessories:
	a. Match height of nailers to insulation.
	b. Anchor nailers to resist force of 300 PLF unless required otherwise by FM Global or roofing manufacturer.
	1) Metal decking attachment:
	a) Attach base nailer to metal roof deck using self-tapping stainless steel sheet metal screws (STSMS) with plate washers or with minimum 3/8 IN Type 304 stainless steel hex head bolts with nuts and washers.
	b) Countersink heads of bolts flush with top of nailer.

	2) Concrete decking attachment:
	a) Attach base nailer to concrete roof deck using minimum 3/8 IN stainless steel adhesive anchors with minimum 3 IN embedment.
	b) Countersink heads of bolts flush with top of nailer.

	3) Provide size and spacing of anchorage as required to meet loading criteria specified.
	a) Fasten blocking for perimeter flashing in accordance with ANSI/SPRI ES-1 and FM Global 1-49.


	c. Provide 1/2 IN vent spaces between lengths of nailers.
	d. Install nailers over vapor retarder.


	E. When wood has been exposed to moisture allow to completely dry out prior to covering with additional wood or another material.
	F. Correct or replace wood which shows bowing, warping or twisting to provide a straight, plumb and level substrate for applications of other materials.


	ARCHITECTURAL CABINETWORK (MILLWORK)
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Architectural cabinetwork.
	2. Solid Surface Material window stools and countertops.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 07 92 00 - Joint Sealants.
	4. Section 09 65 00 – Luxury Vinyl Tile and Resilient Base.
	5. Section 09 68 00 – Carpet (broad loom).
	6. Section 09 68 13 – Carpet Tile (CPT).


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Americans with Disability Act (ADA):
	a. Accessibility Guidelines for Buildings and Facilities (ADAAG).

	2. American National Standards Institute (ANSI):
	a. A161.2, Decorative Laminate Countertops, Performance Standards for Fabricated High Pressure.
	b. A208.1, Particleboard.
	c. A208.2, Medium Density Fiberboard.

	3. American National Standards Institute/American Hardboard Association (ANSI/AHA):
	a. A135.4, Basic Hardboard.

	4. ASTM International (ASTM):
	a. D4442, Standard Test Methods for Direct Moisture Content Measurement of Wood and Wood-Base Materials.
	b. D4444, Standard Test Method for Laboratory Standardization and Calibration of Hand-Held Moisture Meters.

	5. Architectural Woodwork Institute (AWI):
	a. Architectural Woodwork Quality Standards:
	1) Section 300, Standing and Running Trim.


	6. American Wood Protection Association (AWPA):
	a. U1, Use Category System:  User Specification for Treated Wood.

	7. Builders Hardware Manufacturers Association (BHMA).
	8. Hardwood Plywood and Veneer Association (HPVA):
	a. HP-1, Standard for Hardwood and Decorative Plywood.

	9. International Cast Polymer Association/American National Standards Institute (ICPA/ANSI):
	a. SS-1, Performance Standard for Solid Surface Materials.

	10. National Electrical Manufacturers Association (NEMA):
	a. LD 3, High-Pressure Decorative Laminates (HPDL).


	B. Qualifications:
	1. Fabricator shall have minimum of 10 years experience in design and fabrication of architectural cabinetwork with minimum of three (3) successfully completed projects with similar scope in the last two (2) years.
	2. Solid Surface Material fabricator shall be licensed or approved in writing by the Solid Surface Material manufacturer.

	C. Miscellaneous:
	1. Construction details, fastening, tolerances and workmanship:  AWI custom grade standards with exceptions indicated.


	1.3 DEFINITIONS
	A. Architectural Cabinetwork:  Millwork.
	B. Exposed Surfaces:
	1. All surfaces visible when doors and drawers are closed, inside of doors, and:
	a. Door and drawer fronts and their edges.
	b. Exposed end.
	c. Countertop and backsplash and their exposed edges.
	d. Face frame (if used).
	e. Interior of open cabinets.
	f. Toe kick not to be covered by resilient base.
	g. Wall mounted adjustable shelves.
	h. Bottom of wall case over 4 FT above floor.
	i. Top of wall and tall cases below 6 FT above floor.


	C. Concealed Surfaces:
	1. Surfaces not visible after installation, and:
	a. Web frames.
	b. Dust panels.


	D. Semi-Exposed Surfaces:
	1. All other surfaces not exposed or concealed.


	1.4 SYSTEM DESCRIPTION
	A. Fabricated cabinets including all hardware, countertops, and finishing thereof.

	1.5 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Schedule of window stool and countertop locations indicating sizes, shape etc.

	3. Fabrication drawings and details showing compliance with this Specification Section.

	B. Samples:
	1. Plastic laminate color and finish samples for Engineer's selection.
	2. PVC edging:  Manufacturer's complete line of color samples.

	C. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Millwork fabricator experience qualifications.
	3. Listing of millwork fabricators projects within last two (2) years with similar scope.
	4. Solid Surface Material fabricator's qualifications.
	5. Warranty from Solid Surface Material manufacturer.


	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver all millwork items window stools and countertops to the Project Site and store in the area in which items will be installed.
	1. Building areas to receive millwork items shall be enclosed, weathertight and conditioned to a relative humidity between 25 PCT and 55 PCT before, during and after installation.
	2. Remove any plastic packaging or wrapping from millwork upon delivery to Project Site.
	3. Protect stored items from damage with vapor-permeable covering during storage.
	4. Allow material to acclimate to the surrounding environment a minimum of 96 HRS prior to installation.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Plastic laminate:
	a. Formica Corp.
	b. Nevamar Corp.
	c. Wilsonart International.

	2. Plastic overlay panel products:
	a. Simpson Timber Co.
	b. Sel-Ply Division/Medford Corp.
	c. Willamette Industries.
	d. Formica Corporation.

	3. Cabinet hardware:
	a. Epco.
	b. Faultless.
	c. Grant.
	d. Ives.
	e. Knape & Vogt.
	f. McKinney.
	g. National Lock Co.
	h. Rockford Process Control, Inc.
	i. Stanley.
	j. Stylmark.
	k. Webber-Knapp.

	4. Shelf and hanger rod:
	a. Knape & Vogt.
	b. Stanley.

	5. Solid Surface Material:
	a. Avonite.
	b. Dupont.
	c. Formica Corp.
	d. Wilsonart International.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Plastic Laminate:
	1. NEMA LD 3 high-pressure laminate, matte finish.
	2. All other exposed surfaces:  Grade GP28, 0.028 IN thick.
	3. Semi-exposed backer sheet:  Grade CL20, 0.020 IN thick; color to match plastic overlay.
	4. Concealed backer sheet:  Grade BK20, 0.020 IN thick.

	B. Plastic Overlay:
	1. Resin impregnated paper overlay hot press cured onto substrates with backer/balance sheet.
	2. Conform to NEMA requirements for "general purpose" decorative board (not "light duty" liner type).
	3. Satin finish:  Opaque color.
	4. Resin:  Polyester; phenolic resin may be used on concealed surfaces.
	5. Color:  White.

	C. Particleboard:
	1. Three-ply, medium density industrial particleboard.
	2. ANSI A208.1:  Grade M-2 or M-3.
	3. Density:  45 PCF minimum.
	4. Particleboard used for countertops:
	a. ANSI A161.2.
	b. Moisture resistant.


	D. Fiberboard:
	1. Medium density wood fiberboard.
	2. ANSI A208.2:  Interior Grade M.

	E. Hardboard:
	1. Tempered, smooth on both sides.
	2. ANSI/AHA A135.4:  Class 1, S2S.

	F. Plywood:  Softwood plywood, A grade.
	G. PVC Edging:
	1. Polyvinyl chloride edge banding, machine applied and trimmed:
	a. Hot melt glue per PVC manufacturer's recommendations.
	b. T-edging will not be allowed.


	H. Preservative Treated Lumber:
	1. Preservative:  Waterborne.
	2. Moisture content:
	a. Prior to treatment:  25 PCT.
	b. Kiln-dry after treatment (KDAT), ASTM D4442, ASTM D4444:  19 PCT maximum.

	3. Pressure treat material in accordance with AWPA U1, Use Category UC2.

	I. Sealant:
	1. Silicone.
	2. See Specification Section 07 92 00.


	2.3 FABRICATION
	A. General:
	1. Custom shop or factory built casework, complete with all hardware, accessories, countertops and bases in sizes and configurations indicated.

	B. Cabinetwork:
	1. Style:  Reveal overlay doors and drawer fronts overlapping case body with uniform reveal at all edges.
	2. Case body:
	a. All joints glued.
	b. Top and bottom (and fixed horizontals):
	1) Lock jointed and screwed.
	2) Dadoed or rabbeted into ends/dividers.
	3) Doweled at approximately 2-1/2 IN OC.

	c. Back:  Dadoed into top, sides, and bottom.
	d. Fixed small compartment dividers:  Dadoed.

	3. Drawers (with subfront):
	a. All joints glued.
	b. All corners:
	1) Dovetailed or doweled.
	2) Front corners dovetailed and back corners lock jointed.
	3) Sides dadoed for front and back and all joints nailed, stapled or screwed.

	c. Bottom:  Dadoed into all four sides.
	d. Front:  Screwed onto subfront.
	e. Top edges of drawer box rounded.

	4. Drawers (without subfront):
	a. All joints glued.
	b. Front corners dovetailed or doweled.
	c. Back corners:
	1) Dovetailed, doweled, or lock jointed.
	2) Sides dadoed for back and corner nailed or screwed.

	d. Bottom:  Dadoed into all four sides.
	e. Top edges of drawer sides and back rounded.


	C. Solid Surface Material window stools and countertops:
	1. Use maximum size sheet to eliminate joints.
	2. Joints shall be not closer than 24 IN to sinks or other cut-outs.
	3. Ease all exposed edges.
	4. 1/2 IN thick built up to 1-1/4 IN at exposed edges.
	5. Backsplashes:
	a. Same material and thickness as countertop.
	b. 4 IN high.
	c. Provide wherever top abuts wall.

	6. Color:
	a. To be selected by Engineer from manufacturer's complete offering of colors and patterns.


	D. Hardware:
	1. General:
	a. Provide handles, pulls, latches, locks, and other operating devices in accordance with the ADAAG.

	2. Hardware for hinged doors:
	a. Hinges:
	1) Five (5) knuckle, wraparound type with hospital type tips.
	2) Not less than 2-1/2 IN long.
	3) Minimum three (3) screws each leaf.
	4) For doors up to 48 IN high:  Two (2) hinges.
	5) For doors over 48 IN high:  Minimum three (3) hinges.
	6) Finish:
	a) Powder coated.
	b) Color:  Chrome.

	7) Hinge:  Rockford Process Control "Overlay."

	b. Catch:
	1) Heavy duty, roller catch.
	2) Case and strike:  Wrought steel.
	3) Roller:  Rubber.
	4) Ives 338.
	5) Finish:  Bright nickel plated, clear coated.


	3. Hardware for drawers:
	a. Slides:  KV 8400 series; 100 LB capacity, precision steel ball bearings, positive closing and pull out stops, drawer removable without use of tools; telescoping full extension slides, epoxy-coated with white finish.
	b. Lock:  Provide where indicated.
	c. For file drawers:  Label holder and file hanger frame.

	4. Pulls:
	a. Steel wire.
	b. 4 IN centers.
	c. 5/16 IN DIA.
	d. Provide two (2) on drawers over 18 IN wide.
	e. Finish:
	1) Color:  Chrome.


	5. Locks:
	a. Pin tumbler cylinder cam locks.
	b. Material:  Brass.
	c. Finish:  Chrome plated, US 26D.
	d. National C8100 series.
	e. Provide two (2) keys for each lock.
	f. Master key as directed.

	6. Shelf supports (recessed standard type):
	a. Standards:  Aluminum or zinc-coated or plated steel, slotted at 1/2 IN OC for recessed installation.
	b. Shelf clips:  Plated or zinc-coated steel; designed to engage securely in slots, finish to match standard.
	c. KV #255 AL.

	7. Countertop support brackets:
	a. Cold rolled steel.
	b. Size:
	1) Nominal 22 IN deep by 14 IN high.
	2) 3/4 IN wide.

	c. Tested to meet or exceed ANSI performance standards as established by BHMA.
	1) Load Rating:  1200 LBS per pair.

	d. Similar to Knape & Vogt "208 Series Ultimate L-Bracket."
	e. Finish:
	1) Corrosion resistant powder coating.
	2) Color:  White.


	8. Shelf supports (for wall-mounted shelves):
	a. Standards:
	1) Slotted steel.
	2) Similar to Knape & Vogt "KV 87."

	b. Shelf brackets:
	1) Boltless, steel for shelf depths indicated.
	2) Similar to Knape & Vogt "KV 187."

	c. Finish:
	1) Electroplated.
	2) Color:  White.


	9. Clothes rod:
	a. Heavy duty rated.
	b. Chrome plated steel.
	c. Minimum 1 IN OD.
	d. Similar to Knape & Vogt "KV 770 1."
	e. End supports:  Similar to Knape & Vogt "KV 734/735."
	f. Intermediate supports:
	1) Similar to Knape & Vogt "KV 1195."
	2) Finish:  Powder coated.
	3) Color:  White.



	E. Plastic Laminate Casework Fabrication:
	1. Finishes for non-fire-rated cabinets:
	a. All exposed surfaces:  Plastic laminate.
	b. All semi-exposed surfaces not covered with plastic laminate backer sheet (except hardwood):  Plastic overlay.

	2. Edges:
	a. Edges of case body members:  1 MM PVC.
	b. All other exposed and semi-exposed edges:  3 MM PVC.

	3. Case body members (except backs not exposed):
	a. Minimum 3/4 IN thick particleboard.
	b. Base unit top:
	1) Use either full subtop or web frame.
	2) Web frames:  Hardwood.

	c. Provide drawer lock rails at all drawers.
	d. Provide backs on all cabinets.

	4. Unexposed case back:
	a. Tempered hardboard.
	b. Minimum 1/4 IN thick.
	c. Full bound:  Capture and glue back panel in dado at top, sides and bottom of case.

	5. Shelves:
	a. Minimum 3/4 IN thick particleboard.
	b. 1 IN thick if over 36 IN between supports.

	6. Doors:
	a. Particleboard:
	1) Up to 26 IN wide or 48 IN high:  3/4 IN thick.
	2) Up to 36 IN wide or 66 IN high:  1-1/4 IN thick.
	3) Over 36 IN wide and 66 IN high:  1-3/8 IN thick, solid core.


	7. Drawers:
	a. Fronts:  3/4 IN thick particleboard.
	b. Subfront, sides and back:  1/2 IN thick hardwood plywood.
	c. Bottom:
	1) Minimum 1/4 IN thick hardboard, captured four (4) sides with 3/8 IN standing shoulder.
	2) Over 18 IN wide provide intermediate reinforcing rails.


	8. Case base:
	a. Separate ladder style base.
	b. Preservative treated lumber.
	c. Provide concealed fastening of cabinet body to base.
	1) Fasteners through bottom of casework will not be accepted.


	9. Small compartment dividers and dust panels:  1/4 IN thick hardboard.
	10. Filler panels and scribe pieces:  Particleboard; provide as required to fit standard size units to space.

	F. Case Configuration:
	1. Similar reveal, approximately 1/4 IN at all sides, top and bottom of doors and drawer fronts, and between doors and drawer fronts in same unit.
	2. Double door units:  No vertical rail or divider between doors unless called for or unless locks are called for.
	3. Toe space:
	a. 4 IN high by approximately 3 IN deep.
	b. Provide on front of each base unit unless otherwise noted.

	4. Pairs of sliding doors:  Equal width; overlap 1 IN.
	5. Countertop:  Overhang front and exposed ends 1 IN.
	6. Hardware mounting:
	a. Drawers:  Center pull in front, horizontally.
	b. Drawers with two pulls:  Set pulls at 1/4 points.
	c. Swinging doors:
	1) Set pull in swing side corner:
	a) Base units:  Horizontally at top of door.
	b) Wall units:  Vertically at bottom of door.
	c) Tall units:  Vertically, centered at 40 IN above finished floor.



	7. Adjustable shelves:
	a. Use recessed standards supports.




	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Verify dimensions at site.
	B. Verify locations of items specified in other Specification Sections.

	3.2 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Install products in accordance with the ADAAG.
	1. Provide sizes, heights and clearances required for accessibility compliance.

	C. Provide balanced construction on each plastic laminated item.
	D. Use manufacturer's printed instructions or drawings in all cases where items or details are not indicated.
	E. Provide all trim, fillers, closures, stands, supports, sleeves, collars, escutcheons, brackets, braces or other miscellaneous items required for complete installation.
	F. Test and adjust for satisfactory operation.
	G. Seal components with silicone sealants in accordance with AWI Standards.
	1. Seal joints in plastic laminate countertops before assembly.
	2. Seal joints between backsplashes and endsplashes and countertops.
	3. Seal joints where backsplashes and endsplashes meet adjoining surfaces.

	H. Adjust hinges so doors hang straight.
	I. Resilient Base:
	1. Install base after cabinets have been leveled and adjusted.
	2. Provide base at toe spaces, exposed cabinet ends, knee space panels or other intersections of floor and vertical casework surfaces, unless noted otherwise.
	3. Set base straight and true.
	4. Fit into breaks and recesses.
	5. Provide factory-formed outside corners; miter inside corners.
	a. Make joints tight.

	6. Install with top edge level and bottom edge in firm contact with floor.

	J. Install Solid Surface Material in accordance with manufacturers recommendations.

	3.3 FIELD QUALITY CONTROL
	A. Protect Solid Surface Material during construction with minimum 1/8 IN hardboard.


	FIBERGLASS REINFORCED PLASTIC FABRICATIONS
	Part 1 - GENERAL
	1.1 summary
	A. Section Includes:
	1. Fiberglass reinforced plastic (FRP) fabrications including but not limited to:
	a. Solid plate.
	b. Railings.
	c. Grating.
	d. Stairs.
	e. Structural members.
	f. Supporting structure design.


	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 05 50 00 - Metal Fabrications.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American National Standards Institute (ANSI):
	a. A14.3, Ladders - Fixed - Safety Requirements.

	2. ASTM International (ASTM):
	a. E84, Standard Test Method for Surface Burning Characteristics of Building Materials.

	3. Occupational Safety and Health Administration (OSHA):
	a. 29 CFR 1910, Occupational Safety and Health Standards, referred to herein as OSHA Standards.

	4. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2012 Edition including all amendments, referred to herein as Building Code.




	1.3 DEFINITIONS
	A. Skid-resistant:
	1. Manufacturer's standard applied abrasive grit coating.
	2. Abrasive coated tape is not acceptable.

	B. FRP:  Fiberglass Reinforced Plastic.
	C. Guardrail:  A system of building components located near the open sides of elevated walking surfaces for the purpose of minimizing the possibility of an accidental fall from the walking surface to the lower level.
	D. Handrail:  A railing provided for grasping with the hand for support.
	E. Railing:  A generic term referring to guardrail, handrail and/or stair rails.
	F. Stair Rail:  A guardrail, installed at the open side of stairways with either a handrail mounted to the inside face of the guardrail, or where allowed by applicable codes, with the top rail mounted at handrail height and serving the function of a h...

	1.4 SYSTEM DESCRIPTION
	A. All fiberglass reinforced plastic support systems shall be designed by a registered professional structural engineer licensed in the State of Texas.

	1.5 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Manufacturer's recommendations on reinforcing field cut openings.

	3. Fabrication and/or layout drawings.
	a. Plan showing profile, location, section and details of each item including anchorage or support system(s).
	b. Locations and type of expansion joints.
	c. Materials of construction including shop applied coatings.
	d. Listing of all accessory items being provided indicating material, finish, etc.

	4. Certifications:
	a. Certification of Structural Engineer's qualifications.
	b. Certification that all components and systems have been designed and fabricated to meet the loading requirements specified.

	5. Manufacturer's full line of colors available for each component.

	B. Informational Submittals:
	1. Complete design calculations of all supporting structure and fastening conditions.
	a. Design calculations to be for information only.
	b. Engineer will not review or take any action on submittal.



	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver and handle each item to preclude damage.
	B. Store all items on skids above ground.
	1. Keep free of dirt and other foreign matter which will damage items or finish and protect from corrosion and UV exposure.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Railings:
	a. AICKIN.
	b. American Grating.
	c. Enduro Composite Systems.
	d. Fibergrate Composite Structures, Inc.
	e. IKG Industries.
	f. International Grating Inc.
	g. Mona Composites.
	h. Seasafe, Inc.
	i. Strongwell.

	2. Grating and solid plate:
	a. American Grating.
	b. Enduro Composite Systems.
	c. Fibergrate Composite Structures,Inc.
	d. IKG Industries.
	e. International Grating Inc.
	f. Mona Composites.
	g. Seasafe, Inc.
	h. Strongwell.

	3. Stairs:
	a. American Grating.
	b. Enduro Composite Systems.
	c. Fibergrate Composite Structures, Inc.
	d. IKG Industries.
	e. Mona Composites.
	f. Seasafe, Inc.
	g. Strongwell.

	4. Structural shapes:
	a. American Grating.
	b. Enduro Composite Systems.
	c. Fibergrate Composite Structures, Inc.
	d. Mona Composites.
	e. Strongwell.

	5. Modular framing system:
	a. AICKIN.
	b. Enduro Composite Systems.
	c. Seasafe, Inc.
	d. Unistrut.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Fiberglass Reinforced Plastic (FRP):
	1. Vinyl ester with fiberglass reinforcing.
	a. Type V.

	2. Fire retardant.
	a. Flame spread:  ASTM E84, 25or less.

	3. Color:  To be selected by Engineer when more than one (1) color is available for any one (1) component.

	B. Fasteners, Clips, Saddles, and Miscellaneous Components:
	1. Fiberglass where possible.
	2. Stainless steel may be used if fiberglass component is not available.

	C. Adhesive:  Recommended by manufacturer.
	D. Skid-resistant Surfacing:  Manufacturer-applied abrasive grit coating.

	2.3 FABRICATION
	A. General:
	1. Verify field conditions and dimensions prior to fabrication.
	2. Preassemble items in shop to greatest extent possible.
	3. All components shall be treated with UV inhibitor.
	4. Drill or punch holes with smooth edges.

	B. Railings:
	1. Custom fabricate handrail and guardrail to profiles and dimensions indicated on Drawings.
	2. Where not indicated on Drawings, set intermediate horizontal rails to requirements of Building Code.
	3. Minimum 2 IN SQ x 0.187 IN tube.
	4. Kickplate:
	a. 4 x 1/2 IN (corrugated) x 0.125 IN thick.
	b. Provide at all elevated platforms and where required by OSHA Standards.

	5. Provide handrail supports at 4 FT maximum spacing for wall brackets and 4 FT maximum spacing for posts.
	a. Provide vertical supports at 4 FT maximum spacing on all inclined rail sections.
	b. Provide brackets which provide a 1-1/2 IN projection from finish wall surface or guardrail to wall or guardrail side of rail.
	c. Handrails shall not project more than 4-1/2 IN into required stairway width.

	6. Fit exposed ends of guardrails and handrails with solid terminations.
	a. Return ends of handrail to wall but do not attach end to wall.
	b. Where guardrail terminates at a wall or other obstruction, provide a vertical support post located 4 IN off wall or obstruction to center of post.

	7. Design railings to resist loading as required by the Building Code.
	8. Form connections with flush, smooth, hairline joints.
	a. Provide concealed splice fitting at all connections.
	b. Top rail splices and expansion joints shall be located within 8 IN of support.

	9. Fabricate items free of blemishes, seam marks, roller marks, rolled trade names and roughness.
	10. Provide removable railing where indicated.
	11. Provide weeps to drain moisture from hollow railing sections at exterior and in high humidity areas.
	a. 1/4 IN weep hole in railing 1 IN above walkway surface at bottom of posts set in concrete or otherwise closed at bottom, and at other low points where moisture can collect.


	C. Grating and Solid Plate Material:
	1. Design live load:
	a. 100 PSF uniform live load.
	b. 300 LBS concentrated load.
	c. Maximum deflection of l/300 of span under a superimposed live load.
	d. Design for the most severe loading condition noted above.

	2. Minimum grating depth:  1-1/2 IN.
	3. Bar span:  Maximum of 1-1/2 IN center to center.
	4. Walking surface:  Manufacturer's standard applied abrasive grit coating.

	D. Embedded Grating Supports:
	1. Fiberglass.
	2. Size to suit depth of grating.
	3. Provide leg or strap for embedding and anchoring into concrete.
	4. Similar to Strongwell "Duradek Fiberglass Curb Angle."

	E. Stairs:
	1. Fabricated to profiles indicated.
	2. Treads:  Grating with integral 1 IN skid-resistant nosing.
	a. Provide center reinforcing for treads over 36 IN wide.

	3. Risers:
	a. Solid plate material to match treads.
	b. Provide center vertical reinforcing for risers over 36 IN wide.

	4. Landings:
	a. Grating with manufacturer's standard applied skid-resistant abrasive grit coating.
	1) Provide skid-resistant nosing on leading edge of stairs.

	b. Provide intermediate support as required to meet loading requirements.

	5. Design and fabricate stair, platforms and landings, and all connections to support a 100 PSF uniform live load plus a 300 PSF concentrated load.
	6. Provide railing per this Specification Section.

	F. Modular Framing System:
	1. Material:  Heavy duty pultruded.
	2. Shapes as required for condition.
	3. Fasteners:  Stainless steel or fiberglass.
	4. Provide end caps for all exposed terminations.



	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Set work accurately in location, alignment and elevation, plumb, level, and true.
	1. Measure from established lines and levels.
	2. Provide temporary bracing or anchors in formwork for items which are to be built into concrete, masonry or similar construction.
	3. Tolerances:
	a. Maximum variation from plumb in vertical line:  1/8 IN in 3 FT.
	b. Maximum variation from level of horizontal line:  1/4 IN in 20 FT.
	c. Maximum variation from plan location:  1/4 IN in 20 FT.


	C. Railings:
	1. Adjust railings prior to securing in place to ensure proper matching at butting joints and correct alignment throughout their length.
	a. Plumb posts in each direction.

	2. Provide posts with floor flange, attached to post and with predrilled holes for bolting to stringer, floor or beam.
	3. Anchor handrails to walls or guardrails with brackets designed for condition.
	a. For concrete and solid masonry anchorage, use stainless steel adhesive anchors with stainless steel bolts with hex nuts.
	b. Anchor size and embedment to be designed by component fabricator.
	1) Provide minimum of 1/2 IN anchor bolts.



	D. Coat all exposed surfaces of stainless steel fasteners with minimum 15 MIL gel coating to match component being anchored.
	E. Fasten railings to beams and stair stringers with stainless steel bolts, nuts and washers.
	1. Provide two (2) washers for each bolt.

	F. Attach grating to each end and intermediate support clip or saddle with bolts, nuts and washers.
	1. Maximum spacing:  2 FT OC with minimum of two (2) per side.
	2. Attach clips or saddles to bearing bars only.
	3. Reinforce all field cut openings in accordance with manufacturer's recommendations.

	G. Attach stair treads at ends to stair stringer with hold-down clips, bolts, nuts, and washers.
	1. Minimum two (2) clips per end.

	H. File cut ends of all fiberglass to a 1/32 IN radius.
	I. Seal cut ends of all items with catalyzed resin as recommended by manufacturer.
	1. Provide same resin used in fabrication of item as a minimum.

	J. Provide all modular framing components as required to suit condition.
	1. Install in accordance with manufacturer's recommendations.



	ASPHALTIC EMULSION DAMPPROOFING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Furnish labor, materials, tools, equipment, and services for Asphaltic Emulsion Dampproofing, as indicated, in accordance with provisions of Contract Documents.
	B. Completely coordinate with work of other trades.

	1.2 REFERENCES
	A. ASTM International (ASTM):
	1. ASTM D41 Standard Specification for Asphalt Primer Used in Roofing, Dampproofing, and Waterproofing.
	2. ASTM D1227 Standard Specification for Emulsified Asphalt Used as a Protective Coating for Roofing.
	3. ASTM D1668 Standard Specification for Glass Fabrics (Woven and Treated) for Roofing and Waterproofing.


	1.3 QUALITY ASSURANCE
	A. Applicator Qualifications:
	1. Approved in writing by manufacturer.


	1.4 SUBMITTALS
	A. Product Data:
	1. Manufacturers’ product data sheets, details and installation instructions including components and accessories, indicating product used to be in compliance with specifications.

	B. Project Information:
	1. License or certification in writing by manufacturer of installer qualifications.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Asphaltic Emulsion Dampproofing:
	1. Base:
	a. Karnak.

	2. Optional:
	a. BASF Master Builders Solutions.
	b. WR Meadows.


	B. Other manufacturers desiring approval comply with Section 01 25 13.

	2.2 MATERIALS
	A. Primer:  ASTM-D41, compatible with substrate and recommended by dampproofing manufacturer.
	B. Asphaltic Emulsion Dampproofing:
	1. Refined asphalt, clay emulsifiers, and selected non-asbestos fiber reinforced emulsion for trowel application.
	2. ASTM-D1227, Type II, Class 1.
	3. Base Product:  Karnak 920AF Fibered Emulsion Mastic (Trowel Grade).
	4. Optional Product:  MasterSeal 614 by BASF Master Builders Solutions.
	5. Optional Product:  Sealmastic Type III by WR Meadows.

	C. Saturated fabric:  Woven, glass fiber, ASTM-D1668 Type I.


	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Clean substrate of projections and substances detrimental to work.
	B. Apply dampproofing to following surfaces:
	1. Exterior face of exterior CMU backup walls .
	2. Do not apply to walls scheduled to be waterproofed.

	C. Comply with manufacturers installation instructions.
	D. Prime per manufacturer’s instructions.
	E. Coordinate detailing at penetrations made after completion of dampproofing system.
	F. Reinforce corners, cracks, and construction joints with saturated fabric.
	1. Extend 9 IN on each side of each corner, crack and joint.

	G. Where walls intersect footings, reinforce with saturated fabric, and extend dampproofing 1 FT onto footing.
	H. Trowel apply in 2 coats to minimum finish thickness of 1/8 IN.
	I. Allow 24-hour cure period between coats.
	J. Allow no dampproofing exposed in finish work.
	K. Repair any damage to coatings caused prior to installation of masonry veneer.


	LIQUID WATER REPELLENT
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Liquid water repellent.

	B. Related Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3.  Section 04 22 00 - Concrete Masonry.


	1.2 QUALITY ASSURANCE
	A. Material must not inhibit the adhesion of future paint coatings.
	B. Mock-Ups:
	1. Product shall be applied to mock-up erected under Specification Section 04 22 00.


	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.


	B. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Letter from manufacturer stating that product is suitable for intended use and is compatible with and will not cause discoloration of specified masonry units.
	3. Field conducted water spray test results.
	4. Warranty.


	1.4 WARRANTY
	A. Provide manufacturer's standard five (5) year performance warranty.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Liquid water repellent:
	a. L&M Construction Chemicals, Inc.
	b. Chemprobe Technologies, Inc.
	c. Hydrozo, Inc.
	d. Degussa.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Liquid Water Repellent Type 1:
	1. Clear, penetrating micro-emulsion water repellent formulated for sealing concrete masonry.
	a. Water based, VOC compliant, odorless.
	1) VOC:  Less than 195 g/L.

	b. Non-yellowing, non-staining.
	c. Provides both surface barrier and penetrating chemical action-forming barrier.

	2. Surface barrier shall protect against water intrusion, mildew, dirt and airborne contaminants.
	3. L&M Construction Chemicals, Inc. "HYDROBLOCK."
	4. Liquid Water Repellent Type 2:
	a. Clear, deep penetrating sealer formulated for sealing vertical concrete and brick surfaces.
	1) Water based, VOC compliant, odorless.
	a) VOC:  Less than 195 g/L.

	2) Non-yellowing, non-staining.
	3) Provides both surface barrier and penetrating chemical action barrier.

	b. Surface barrier shall protect against water intrusion, mildew, dirt and airborne contaminants.
	c. L&M Construction Chemicals, Inc. "HYROPEL WB."




	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Protect adjacent surfaces not intended to be covered.
	B. Clean surfaces to be covered in accordance with manufacturer's recommendations.
	C. Make all mortar repairs at least 48 HRS prior to application.
	D. Allow masonry surfaces to cure minimum of 10 days prior to application.

	3.2 INSTALLATION AND APPLICATION
	A. Install products in accordance with manufacturer's instructions.
	1. At a minimum apply material in accordance with manufacturer's recommended application rates using procedures and equipment recommended by manufacturer.
	a. Apply two (2) coats of material.


	B. Apply liquid water repellent, Type 1, to exterior exposed concrete block surfaces.
	C. Apply liquid water repellent, Type 2, to exterior face of precast concrete panel surfaces.

	3.3 FIELD QUALITY CONTROL
	A. Manufacturer or manufacturer's designated representative shall conduct a water spray test to an area of the mock-up wall specified in Specification Section 04 22 00 for a period of 5 HRS.
	1. Water from the spray shall impact the wall at a 45-degree angle to the vertical and shall cover an area of not less than 9 SQFT.
	2. Water flow shall be minimum 5 GPM at 60 PSI pressure.
	3. If, within 5 HRS, moisture appears on the inside face of the wall within the test area, the wall shall be recoated.

	B. Retest as required.
	C. Recoat as required until wall area remains dry within limits of testing procedure.
	D. Results of this test shall be used to determine material quantity in excess of manufacturer's minimum recommended amounts to be applied per square foot to the building surface.
	E. Protect adjacent materials not required to be coated.


	BUILDING INSULATION
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Building insulation.
	a. Does not include roof insulation or roof vapor retarder; see Specification Section 07 61 13.


	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3.  Section 07 19 00 - Liquid Water Repellent.
	4. Section 07 61 13 - Metal Roofing.
	5. Section 07 92 00 - Joint Sealants.
	6. Section 09 29 00 - Gypsum Board.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. C272, Standard Test Method for Water Absorption of Core Materials for Structural Sandwich Constructions
	b. C423, Standard Test Method for Sound Absorption and Sound Absorption Coefficients by the Reverberation Room Method.
	c. C518, Standard Test Method for Steady-State Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus.
	d. C578, Standard Specification for Rigid, Cellular Polystyrene Thermal Insulation.
	e. C665, Standard Specification for Mineral-Fiber Blanket Thermal Insulation for Light Frame Construction and Manufactured Housing.
	f. D1621, Standard Test Method for Compressive Properties of Rigid Cellular Plastics.
	g. E96, Standard Test Methods for Water Vapor Transmission of Materials.

	2. International Energy Conservation Code (IECC) 2015 Edition, including all amendments.
	3. Underwriters Laboratories, Inc. (UL):
	a. Building Materials Directory.


	B. Mock-Ups:
	1. Provide insulation for mock-ups required in Specification Section 04 22 00.


	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Manufacturer's recommendations on sealants, tapes and mastics.


	B. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Certification from insulation manufacturer stating that insulation proposed is acceptable for intended use per the Drawings.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Rigid polyisocyanurate foam board insulation:
	a. Dow.
	b. Dyplast Products.
	c. Hunter Panels.
	d. Other manufacturers meeting the requirements of this Specification Section.

	2. Sound control insulation:
	a. Roxul.
	b. Thermafiber.

	3. Vapor retarder:
	a. Raven Industries.
	b. Reef Industries.
	c. Fortifiber Corp.
	d. Alumiseal.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. General:
	1. Foam plastic insulation used in buildings and structures shall comply with the requirements of the Building Code.
	a. Surface burning characteristics:  ASTM E84.
	b. Flame spread index:  Maximum 75.
	c. Smoke developed:  Maximum 450.


	B. Rigid Polyisocyanurate Foam Board Insulation:
	1. ASTM C1289, Type 1 Class 1.
	2. Compressive Strength:  ASTM D1621, Minimum 25 PSI.
	3. CFC and HCFC free.
	4. Ozone depletion potential:  0.
	5. Foil facers or foil/kraft/foil facer on front and back side.
	a. Facers shall be treated to eliminate corrosive action of aluminum foil contacting masonry, mortar and concrete.

	6. Fire resistance:  ASTM E84.
	a. Flame spread:  Less than 25.
	b. Smoke developed:  Less than 450.

	7. Provide insulation designed for intended use.
	8. R-Value:  Minimum 5.7 R per IN.
	9. Required thickness:  1-1/2 IN (R8.55)
	10. Meets minimum IECC Requirements for air barrier compliance.

	C. Sealant and Mastic (for setting polystyrene and/or polyisocyanurate insulation board):  Manufacturer's recommended standard.
	D. Sound Control Insulation:
	1. Mineral wool batts.
	a. ASTM C665, Type I.
	b. UL listed when used in fire rated construction.

	2. Density:  Minimum 2.5 PCF.
	3. Sound Reduction, ASTM C423.
	a. Minimum NRC for 3 IN thick material:  1.05.

	4. Thickness:  As noted on Drawings.
	5. Thermafiber “SAFB”.



	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions and IECC.
	B. General:
	1. Insulate full thickness over surfaces to be insulated.
	2. Fit tightly around obstructions, fill voids.
	3. Cover all penetrations (electrical junction boxes, switch boxes, piping, conduits, etc.) with insulation, taking care not to compromise the workings of the device.
	4. Fit butted joints of insulations tightly together.
	5. Apply single or double layer to achieve total thickness.
	a. If double layer is provided, stagger all joints minimum 12 IN.

	6. Do not use broken or torn pieces of insulation.
	7. Install so that completed installation is vapor tight.
	a. Seal all joints.
	b. Seal to abutting materials to maintain vapor retarder integrity and meet IECC air barrier requirements.
	c. Provide manufacturer’s recommended vapor retarder tape for use with faced batt insulation or separate vapor retarder.
	1) If vapor retarder tape fails to adhere to any surface, apply sprayed-on adhesive as recommended by tape manufacturer to promote adhesion.



	C. Rigid Board Insulation in Cavity Walls:
	1. Do not proceed with installation until subsequent work which conceals insulation is ready to be performed.
	2. Set each piece of insulation flush with the abutting piece to eliminate ledges in the face of the insulation.
	3. Install mastic on face of concrete or masonry back-up in accordance with mastic and insulation manufacturer's recommendation.
	4. Press courses of insulation between wall ties (horizontal reinforcing) with edges butted tightly both ways.
	5. Set units firmly into mastic.
	6. Seal all horizontal and vertical joints with sealant recommended by insulation manufacturer.
	7. Do not use damaged insulation.

	D. Sound Control Insulation:
	1. Install friction fit between studs.
	2. Do not obstruct ventilation spaces.
	3. Fill all miscellaneous voids unless noted otherwise on Drawings.
	4. After installation of conduit, boxes, piping or other items within wall system, reposition displaced insulation and fill all voids.


	3.2 FIELD QUALITY CONTROL
	A. Repair or replace damaged insulation and/or accessories as directed by Engineer.


	UNDER SLAB VAPOR RETARDER
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Under slab vapor retarder.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. 302.2R, Guide for Concrete Slabs that Receive Moisture-Sensitive Flooring Materials.

	2. ASTM International (ASTM):
	a. D882, Standard Test Method for Tensile Properties of Thin Plastic Sheeting.
	b. D1709, Standard Test Methods for Impact Resistance of Plastic Film by the Free-Falling Dart Method.
	c. E96, Standard Test Methods for Water Vapor Transmission of Materials.
	d. E1643, Standard Practice for Selection, Design, Installation, and Inspection of Water Vapor Retarders Used in Contact with Earth or Granular Fill Under Concrete Slabs.
	e. E1745, Standard Specification for Plastic Water Vapor Retarders Used in Contact with Soil or Granular Fill Under Concrete Slabs.



	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Product data sheet on vapor retarder sheet and vapor retarder tape.
	c. All accessories proposed for use.
	d. Manufacturer's installation instructions.


	B. Samples:
	1. Provide two (2) 6 IN x 6 IN samples of vapor retarder material taped together using the vapor retarder tape proposed.
	2. Provide two (2) samples of all accessories proposed for use.

	C. Informational Submittals:  Manufacturer's recommendation on vapor retarder tape.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Vapor retarder:
	a. Fortifiber Corporation.
	b. Layfield Group
	c. Raven Industries.
	d. Reef Industries.
	e. Stego Industries.
	f. WR Meadows, Inc.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 PERFORMANCE REQUIREMENTS
	A. Vapor Retarder:
	1. ASTM E1745, Class A.
	2. Thickness:  Minimum 15 MIL.
	3. Water vapor permeance:  0.03 maximum per ASTM E96.
	4. Puncture resistance:  ASTM D1709, Method B, 2200 grams.
	5. Minimum tensile strength:  45 LBS/IN, ASTM D882.


	2.3 ACCESSORIES
	A. Pipe Boots:  Manufacturer's standard boot fabricated to maintain the integrity of the vapor retarder system.
	B. Vapor Retarder Tape:  As recommended by vapor retarder manufacturers.


	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions, ASTM E1643 and ACI 302.2R.
	B. Provide vapor retarder where indicated on the Drawings.
	1. Place continuous vapor retarder above granular fill subgrade material, unless noted otherwise.

	C. Lap minimum 6 IN and seal in accordance with ASTM E1643 and manufacturer's recommendations.
	D. Extend to extremities of area and seal to adjacent elements.
	E. Seal all penetrations:  Provide pipe boot for all pipes or conduit penetrating the floor slab.

	3.2 FIELD QUALITY CONTROL
	A. Ensure proper precautions are implemented to prevent damage to installed vapor retarder membrane prior to and during pouring of concrete floor slab.
	B. Inspect vapor retarder immediately prior to placement of concrete.
	1. Patch all punctures, tears, holes, etc.
	a. Repair with additional layer of vapor retarder and seal entire patch with vapor retarder tape or as recommended by manufacturer.
	b. Lap all repairs minimum 6 IN.




	METAL ROOFING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Vapor retarder.
	2. Thermal barrier sheathing.
	3. Roof insulation.
	4. Standing seam metal roofing.
	5. Prefinished gutters and downspouts.
	6. Soffit panels.
	7. Sheet metal work required for roofing.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 04 05 23 - Masonry Accessories.
	4. Section 06 10 00 - Rough Carpentry.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Architectural Manufacturers Association (AAMA):
	a. 621, Voluntary Specifications for High Performance Organic Coatings on Coil Coated Architectural Hot Dipped Galvanized (HDG) and Zinc-Aluminum Coated Steel Substrates.

	2. ASTM International (ASTM):
	a. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.
	b. A792, Standard Specification for Steel Sheet, 55 PCT Aluminum-Zinc Alloy-Coated by the Hot-Dip Process.
	c. C209, Standard Test Methods for Cellulosic Fiber Insulating Board.
	d. C1289, Standard Specification for Faced Rigid Cellular Polyisocyanurate Thermal Insulation Board.
	e. D882, Standard Test Method for Tensile Properties of Thin Plastic Sheeting.
	f. D1970, Standard Specification for Self-Adhering Polymer Modified Bituminous Sheet Materials Used as Steep Roofing Underlayment for Ice Dam Protection.
	g. D4833, Standard Test Method for Index Puncture Resistance of Geomembranes and Related Products.
	h. E96, Standard Test Methods for Water Vapor Transmission of Materials.
	i. E1592, Standard Test Method for Structural Performance of Sheet Metal Roof and Siding Systems by Uniform Static Air Pressure Difference.
	j. E1646, Standard Test Method for Water Penetration of Exterior Metal Roof Panel Systems by Uniform Static Air Pressure Difference.
	k. E1680, Standard Test Method for Rate of Air Leakage Through Exterior Metal Roof Panel Systems.
	l. E1745, Standard Specification for Water Vapor Retarders Used in Contact with Soil or Granular Fill under Concrete Slabs.
	m. F593, Standard Specification for Stainless Steel Bolts, Hex Cap Screws, and Studs.

	3. Sheet Metal and Air Conditioning Contractors' National Association (SMACNA):
	a. Architectural Sheet Metal Manual, Sixth Edition, 2003.

	4. Underwriters Laboratories, Inc. (UL):
	a. Building Materials Directory.
	b. Fire Resistance Directory.
	c. 580, Standard for Tests for Uplift Resistance of Roof Assemblies.
	d. 790, Standard Test Methods for Fire Tests of Roof Coverings.
	e. 1256, Fire Test of Roof Deck Constructions.

	5. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2018 Edition including all amendments, referred to herein as Building Code.
	2) International Energy Conservation Code (IECC), 2015 Edition including all amendments.



	B. Qualifications:
	1. Manufacturer shall have minimum of 10 years experience in the production of structural standing seam metal roofing.
	a. All structural components of the roof system shall be designed and sealed by registered professional structural engineer licensed in the State of Texas.

	2. Installing contractor shall be licensed or approved in writing by manufacturer.
	3. Contractor and installer shall have minimum of seven (7) years experience in the installation of structural standing seam metal roof systems similar to system specified.
	4. Contractor and installer shall have successfully completed two (2) projects of similar size, scope and complexity within past two (2) years.
	5. All roll forming performed on-site shall be supervised by personnel trained and employed by the roofing manufacturer.
	a. Roofing manufacturer shall have been engaged in field roll forming for a minimum of 15 years with experience in roll forming long panels similar to panels being used.


	C. Mock-Ups:
	1. Prior to start of permanent roof construction construct mock-ups of roofing system.
	a. Mock-ups shall be of sufficient size to properly display all components required by the roofing system.
	b. Mock-ups shall be a minimum 5 FT x 5 FT in size.
	c. Provide multiple mock-ups as required to illustrate the different roof configurations.

	2. Mock-ups shall incorporate all components, specified and/or required but not specified, needed for a complete water and airtight roofing fascia, and soffit system.
	a. Components include, but are not limited to:
	1) Vapor retarder, thermal barrier sheathing, roof insulation.
	2) Roofing panels, including mounting system and seaming.
	3) All fascia and soffit conditions.
	4) All flashing and counterflashing conditions, including:
	a) Eave, rake, hip and ridge conditions.
	b) Roof/vertical wall intersections.
	c) Roof penetrations.
	d) All reglet conditions.

	5) All miscellaneous clips, angles, plates, brackets, closures and sealants.
	6) Gutter and downspouts.


	3. Panels shall be same panels as specified or approved for Project.
	a. Exact color is not necessary; however, Contractor is to label each exposed component to identify final installed color of component.

	4. Step construction to allow observation of all components.
	5. Construct additional mock-ups or rework existing mock-ups until acceptable to Engineer.
	6. Maintain mock-ups at project site until Engineer approves removal of mock-ups.
	7. Approved mock-ups to constitute minimum acceptable standard of quality for actual construction.

	D. Completed roof system to be inspected by roof manufacturer's authorized factory trained representative prior to issuance of roof warranty.

	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	B. Steep Slope:  Having a pitch of 3:12 or greater.
	C. Low Slope:  Having a pitch less than 3:12 but greater than 1/4:12.
	D. PVDF:  Polyvinylidene fluoride.

	1.4 SYSTEM DESCRIPTION
	A. Prefinished, field-insulated, structural standing seam metal roof system, including but not limited to:
	1. Thermal barrier sheathing.
	2. Ice and water shield.
	3. Roof insulation.
	4. Structural standing seam metal roof panels.
	a. Roof panel support and attachment system to be determined by standing seam roof manufacturer.


	B. All flashing and miscellaneous trim required for a complete water and airtight system, including but not limited to:
	1. Reglets.
	2. Flashing.
	3. Counterflashing.
	4. Sealants.

	C. Flat metal fascia system.
	D. Prefinished gutters and downspouts.
	E. Prefinished aluminum soffit panels.

	1.5 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Fabrication and/or layout drawings:
	a. Manufacturer prepared computer generated Drawings showing anchorage, flashing, jointing and all other accessories required and all special detailing required by the system.
	1) Minimum plan scale:  1 IN = 8 FT.
	2) Minimum detail scale:  1-1/2 IN = 1 FT.

	b. Provide complete erection plan for each building structure with all details and sections referenced, all penetrations shown, expansion joints shown, detailed and referenced, and all special conditions identified, referenced and detailed.
	c. Erection plan to identify limits of each different substrate material (decking).
	d. Provide distinction between factory and field assembled work.

	3. Product technical data including:
	a. Manufacturer data sheets on each component, including masonry reglets used in the roof system.
	b. Acknowledgement that products submitted meet requirements of standards referenced.
	1) Certification by manufacturer that roofing assembly being supplied has been successfully tested under UL 580 procedures and has achieved a Class 90 rating.


	4. Test results:
	a. UL 580, Class 90 test data.
	b. ASTM E1592 test results.
	1) Provide results of tests conducted in accordance with ASTM E1592 for panel size and gage and clip type and spacing similar to panels and clips being used.

	c. ASTM E1646 and ASTM E1680 test results.
	d. Concentrated load test data.
	1) Load test to be conducted on panel size, gage and with clip spacing as required.


	5. Qualifications:
	a. Manufacturer:  Provide structural engineer qualifications.
	b. Contractor:
	1) Certification of approval or license to install product from manufacturer.
	2) Certification of experience.
	3) Listing of projects completed in the past two (2) years with similar scope.
	4) Completed projects information to include, square footage of roofing installed, dollar value of roofing installed, manufacturer and type of roofing installed and contact name and telephone number of building Owner.

	c. Installer:  Provide qualifications of all personnel expected to be working on the Project.

	6. Roofing manufacturer's letter of approval for insulation proposed for use.
	7. Warranty:  Sample language of manufacturer's warranty to be provided on this Project.
	8. Structural Engineer's sealed and signed calculations certifying that system structural components meet the requirements for lateral, upward and downward loads specified.

	B. Samples:
	1. General:  Tag, identify and provide statement regarding use for all fasteners, anchor clips, closures and sealants.
	2. Roof panel:
	a. Two (2) samples, full width, 24 IN long.
	b. Provide color selected or specified when possible.

	3. Fasteners.
	4. Anchor clips.
	5. Closures, (both metal and non-metallic).
	6. Masonry reglet.
	7. Factory and field applied sealants.
	8. Color samples:
	a. For initial preliminary color selection, provide manufacturer's color chart showing all colors available.
	b. For final color selection, provide two (2) 2 IN x 3 IN colored metal samples, for each color selected during the initial color selection.


	C. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.


	D. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Final warranty.


	1.6 WARRANTY
	A. Provide 10 year complete system warranty, including material and material substrate for air and weather tightness of entire roof assembly signed by manufacturer.
	1. Warranty limits shall meet the minimum load capacity requirements of ASTM E1592.

	B. Provide manufacturer's 20 year warranty on panel finish against fading, chipping, cracking and peeling of the panel exterior finish and/or erosion of substrate metal.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Metal roofing products basis of design:
	1. Sloped roofs:  Berridge C-lock with vinyl weather seals.
	2. Curved roofs:  Berridge double-lock zee-lock system with vinyl weather seals.

	B. Manufacturers listed and other manufacturers not listed, but capable of meeting this Specification Section, are expected to provide a system with similar profile, standing seam height, spacing, construction and factory applied finish.
	C. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Metal roofing:
	a. Berridge.
	b. Centria.
	c. Merchant and Evans - Zip Rib.
	d. Other manufacturers capable of providing structural standing seam system and profiles similar to that specified will be considered.

	2. Vapor retarder:
	a. Griffolyn.

	3. Thermal barrier sheathing.
	a. Georgia Pacific.
	b. USG.

	4. Ice and water shield.
	a. Grace.

	5. Insulation:  Any manufacturer meeting these specifications and approved by metal roofing manufacturer.
	6. PVDF resin:
	a. PPG - DURANAR.
	b. Valspar - Fluropon.
	c. Arkema Inc. - KYNAR 500.
	d. Solvay Solexis - HYLAR 5000.
	e. Solvay Solexis - HYLAR 5000.

	7. Soffit panels:  Provided by metal roofing panel manufacturer.
	8. Structural roof curbs:
	a. Masonry reglets:  See Specification Section 04 05 23.


	D. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Roof Panels:
	1. General:
	a. Galvalume steel, ASTM A792, Class SS, Grade 50B.
	1) Painted surfaces:  AZ50.
	2) Unpainted surfaces:  AZ55.



	B. Fascia Metal:  22 GA to match gutter material, finish and color.
	C. Soffit Panels:  Aluminum, ASTM B209.
	D. Insulation:
	1. Rigid polyisocyanurate.
	a. Approved by roofing manufacturer.


	E. Perimeter Trim, Panel Closures, Flashing and Counterflashing:  Material and factory applied finish to match roof panels.
	F. Fasteners:  300 series stainless steel, ASTM F593.
	G. Intermediate Support System:
	1. Galvanized steel:  ASTM A653, Class SS, Grade 50, G90.

	H. Sealant:  Manufacturer's standard non-curing butyl.
	I. Thermal Barrier Sheathing.
	1. Gypsum board sheathing:  ASTM C1177.
	a. Water and moisture-resistant treated gypsum core.
	b. Glass mat facing front and back.

	2. Mold resistant:  ASTM D3273.
	3. Class 'A' fire rated per UL 790.
	4. Flame spread 15 and smoke developed 0 when tested in accordance with ASTM E84 or UL 723.
	5. Thickness:  1/2 IN.
	6. Compatible with roofing vapor retarder, insulation and adhesives.
	7. Georgia-Pacific "DensDeck Roof Board".

	J. Ice and water shield.
	1. Basis of design:  Grace Ice and Water Shield or approved equal.
	2. Thickness:  Minimum 40 MIL.
	3. Meets IECC requirements for air barrier compliance.

	K. Masonry Reglets:  See Specification Section 04 05 23.

	2.3 ACCESSORIES
	A. Gutters and Downspouts:
	1. General:
	a. Galvalume steel, ASTM A792, Class CS.
	1) Painted surfaces:  AZ50.
	2) Unpainted surfaces:  AZ55.
	3) Minimum thickness:  22 GA.
	4) All exposed surfaces to have finish and color to match roofing metal.


	2. Gutters:
	a. "Style D" gutter per SMACNA Figure 1-2.
	1) Seamless except for expansion joints.

	b. Gutter straps and eave closure flashing:  Match gutter material, finish and color.
	c. Size: 6 IN by 6 IN. At pump station curved roof extend outer leg nominal 2 IN above roof.  Refer to drawings for configuration.

	3. Downspouts:
	a. SMACNA Figure 1-32B.
	1) Seam on concealed side of downspout.
	2) Provide gutter to downspout connection per SMACNA Figure 1-33B, Detail 1.

	b. Hanger straps:  Material and finish to match downspouts.
	c. Size: 5 IN by 5 IN


	B. Roof Insulation:
	1. Rigid polyisocyanurate foam board.
	a. ASTM C1289, Class I, Type II.
	b. Compressive strength:  20 PSI minimum.
	c. Density:  2 PCF minimum.
	d. Thermal resistance (R-Value):  5.7/IN.
	e. Water vapor transmission:  ASTM E96, less than 1.0 perms.
	f. Water absorption:  ASTM C209, less than 1.0 PCT.
	g. R Value:  Minimum R-25.
	h. Acceptable to roof manufacturer.


	C. Roof Penetration Flashing:
	1. Round penetrations:
	a. Premolded EPDM boot with metal collar.
	b. Buildex "DEK-TITE."


	D. Foam and metal closures, sealant, gaskets, fasteners, washers, clips, angles, and all miscellaneous trims shall be provided by roofing manufacturer, fabricated for the specific condition as required.
	E. Soffit Panels:
	1. Minimum 0.032 IN aluminum, ASTM B209.
	2. Factory applied finish to match roof panels.
	3. AAMA 2605.
	4. Profile:  Flat interlocking sheet with reinforcing ribs as required to prevent warping and oil canning.
	5. Panel joints shall match standing seam spacing of roof panels when possible.
	6. Hat shaped steel channel sub-framing:
	a. 1 IN deep x 20 GA steel.
	b. Galvanized, ASTM A653.

	7. Basis of Design:  Berridge Vee-panel.

	F. Structural Roof Curbs:
	1. Minimum 18 GA steel.
	a. Galvanized ASTM A653, G90 coating.

	2. Insulated:  Minimum 1-1/2 IN rigid polystyrene with sheet metal liner.
	3. Factory installed fire-retardant treated wood nailer.
	4. Minimum 12 IN high.
	5. Fabricated to conform to roof pitch and roof panel profile indicated.
	6. ThyCurb Model TC-3.
	7. Exterior side of curb shall be covered in same material as roofing to match roofing.


	2.4 FABRICATION
	A. General:
	1. Fabricate with square, true corners, mitered and welded.
	2. Fabricate trim, flashings and closure pieces to match panel profile and finish.
	3. Hem all edges.
	4. Fabricate panels in full length with no end laps.

	B. Standing Seam Metal Roof Panels:
	1. Profile:
	a. Sloped roofs:  Berridge C-lock with vinyl weather seals.
	b. Curved roofs:  Berridge Double-lock Zee-lock system with vinyl weatherseals.

	2. Height of standing seam:
	a. 1-1/2 IN for C-lock system.
	b. 2 IN for Double-lock Zee-lock system.

	3. Gage:  Minimum 24.
	4. Width:
	a. 16 IN.
	b. Longitudinal stiffening elements to minimize oil canning.

	5. System shall be designed as a true structural standing seam shape.
	6. Finish:
	a. PVDF based with minimum 70 PCT resin.
	b. Three-coat system having minimum 0.8 MIL epoxy primer coat on both sides of panel with a 0.8 MIL PVDF resin color coat and a 0.8 MIL PVDF resin clear top coat on the exterior side of the panel.
	c. Meet or exceed requirements of AAMA 621.
	d. Smooth finish.
	e. Color:
	1) To be selected from manufacturers full range of primary and secondary colors.
	a) Does not include exotic, metallic flake or iridescent colors.



	7. Concealed fasteners:
	a. Provide concealed fasteners in all locations.
	b. If exposed fasteners are required by the roof panel manufacturer, because of location, constructability issues or other critical design requirement, finish of fastener shall match roof panel finish.
	1) Exposed fasteners are to be approved by Engineer.

	c. The use of deflection limiter devices is not allowed.


	C. Intermediate Support System:
	1. Roof panel anchor clips:
	a. Manufacturer's standard one-piece clip suitable for condition.
	1) Two-piece clips are acceptable if required by roofing manufacturer.

	b. Minimum 16 GA steel.
	1) Galvanized, ASTM A653, G90.


	2. Roof panel manufacturer shall be responsible for designing and providing all necessary intermediate "Z" or "hat-shaped" or other miscellaneous support members as required to transfer roof panel loads into building roof framing members.
	a. Design in accordance with Building Code and loads shown on the Structural Drawings.

	3. Bearing plates:
	a. Sized by roofing manufacturer for roof loading indicated.
	b. Minimum 16 GA steel.
	1) Galvanized, ASTM A653, G90.




	2.5 SOURCE QUALITY CONTROL
	A. Roof assembly to be Class A roof covering assembly per UL 1256.
	B. Structural Testing:
	1. The system shall be designed to safely resist the positive and negative loads per Building Code and as shown on Structural Drawings.
	2. Structural-uniform uplift load capacity of the panel system shall be determined in accordance with ASTM E1592.
	a. The factor of safety on the test results shall be 1.65 for the panel, batten or clip ultimate loads with no increase for wind.
	b. The factor of safety for fasteners shall be 3.0 for one (1) single fastener per clip, 2.25 for two (2) fasteners per clip and 4.0 IN masonry.
	c. Design uplift capacity for conditions of gage, span or loading other than those tested may be determined by interpolation of test results.
	1) Extrapolation of conditions outside the range of the tests is not acceptable.

	d. Deflection shall be L/180 for positive loading.


	C. Water Penetration:  No uncontrollable leakage at minimum 6.4 PSF when tested in accordance with ASTM E1646.
	D. Air Infiltration:  Maximum 0.036 scfm/SF when tested at 4.0 PSF differential pressure when tested in accordance with ASTM E1680.
	E. Fire Resistance:
	1. UL 790, Class 1.

	F. Wind Uplift Rating:
	1. Refer to Structural Drawings.

	G. The panels shall withstand a 250 LB concentrated load applied to a 4 SQIN area at the center of the panel at mid span between supports with no panel deformation, rib buckling, or panel sidelap separation which will adversely affect the weather tigh...
	H. Support roofing panels on top of roof insulation using bearing plates attached to the structural frame or connect to manufacturer-provided intermediate support system.
	1. Bearing plate and standing seam roof panel anchor clip attachment is to be determined by the roofing manufacturer and shall take precedent over this Specification.
	a. Provide attachment to roof structural frame or deck as required for loading criteria specified.

	2. Roof panel anchor clips shall be designed to allow thermal movement of the panels except where specific fixed points are indicated.
	a. Roof panel manufacturer shall be responsible for determining fixed point locations unless otherwise indicated.

	3. Wood blocking shown at roof edge is strictly for attachment of miscellaneous flashings and shall not be used for any structural value.
	4. Maximum spacing of roof clips shall be determined by manufacturer.

	I. Roof panel manufacturer shall be responsible for designing and installing all necessary expansion joints in the roof system.
	1. Where roof expansion joints occur, provide corresponding expansion joints in fascia, soffit and gutters.


	2.6 MAINTENANCE MATERIALS
	A. Provide Owner with 4 OZ of touch-up paint to match each different color used in the system.


	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. General:
	1. Install products in accordance with manufacturer's instructions, IECC, SMACNA (where referenced) and details shown on Drawings for a complete weathertight installation without waves, warps buckles or distortions.
	a. Provide all closures, trim, angles, plates, sealant, gaskets, fasteners, washers, etc., as necessary.

	2. Attachments shall allow for thermal expansion and contraction.
	3. Seal all joints as required for watertight installation.
	4. Touch-up paint all damaged surfaces.

	B. Vapor Retarder:
	1. Install on winter warm side of roof assembly in accordance with manufacturer's recommendations.
	2. Lap joints minimum:  4 IN.
	3. Seal to perimeter, tape all joints and repair all tears.

	C. Thermal Barrier Sheathing:
	1. Install in accordance with manufacturer’s recommendations and UL listed assembly as required to provide fire-resistance rating for roof assembly.

	D. Roof Insulation:
	1. Install in accordance with manufacturer’s recommendations.
	2. If multiple layers are provided to achieve total thickness as shown on Drawings, stagger joints minimum 12 IN in each direction.

	E. Ice and Water Shield:
	1. Install per manufacturer's recommendations in areas indicated on Drawings.
	2. Provide continuous coverage over entire roof area.
	3. Extend down fascia and below soffit back to wall insulation.
	4. Install in accordance with IECC to ensure continuous air barrier for building envelope system.

	F. Standing Seam Roofing Panels:
	1. Install in one (1) continuous length from ridge to eave.
	2. Hand crimp battens at each clip.
	3. Seam panels and battens together with portable electric seaming machine supplied by the manufacturer.
	4. Install curved panels in accordance with manufacturer’s instructions.

	G. Soffit Panels:
	1. Install in accordance with manufacturer's recommendations using concealed fasteners when possible.
	2. Exposed fasteners to be painted to match soffit finish.

	H. Installation of Structural Roof Curbs:
	1. Install roof curbs on decking.
	2. Attach to metal decking using sheet metal screws.
	a. Provide fasteners at maximum 8 IN OC with minimum of one (1) fastener at each corner of curb.

	3. Install flashing curb in accordance with roofing manufacturer's standard flashing details.
	a. Provide sheet metal flashing and counterflashing as required for weather-tight installation.


	I. Gutters:
	1. Install gutters using gutter straps in accordance with SMACNA Table 1-8 and Figure 1-12 and per roofing manufacturer's recommendations.
	a. Provide gutter brackets or hangers at 24 IN OC maximum.
	b. Provide expansion joints in gutters per SMACNA and at expansion joint locations shown on Drawings.
	c. Install gutters to provide positive drainage to downspout locations.
	d. Seal all joints in gutters to provide completely water tight system.


	J. Downspouts:
	1. Install downspouts in locations shown on the Drawings.
	2. Provide downspout hanger straps per SMACNA Figure 1-35 as appropriate for downspout style.
	3. Provide gutter to downspout connection per SMACNA Figure 1-33B, Detail 1.
	4. Seal all joints in downspout for a complete watertight system.
	a. Angle bottom of downspout out away from building.

	5. Fasten hanger straps to building wall with stainless steel screws and anchor sleeves appropriate for wall construction.
	a. Provide minimum of two (2) fasteners per strap.

	6. Maximum spacing of hanger straps shall be 10 FT with minimum of two (2) hanger straps per vertical piece of downspout.
	7. Spacing and location of hanger straps shall be consistent from downspout to downspout.



	FLASHING AND SHEET METAL
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Architectural flashing and sheet metal work.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 04 05 23 - Masonry Accessories.
	4. Section 07 61 13 - Metal Roofing.
	5. Section 07 92 00 - Joint Sealants.
	6. Section 09 91 10 - Architectural Painting.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Architectural Manufacturers Association (AAMA):
	a. 2605, Voluntary Specification, Performance Requirements and Test Procedures for Superior Performing Organic Coatings on Aluminum Extrusions and Panels.

	2. American National Standards Institute/Single Ply Roofing Industry (ANSI/SPRI):
	a. ES-1, Wind Design Standard for Edge Systems Used with Low Slope Roof Systems.

	3. ASTM International (ASTM):
	a. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy Coated (Galvannealed) by the Hot-Dip Process.
	b. A666, Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar.
	c. B32, Standard Specification for Solder Metal.
	d. B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate.

	4. FM Global (FM).
	5. Sheet Metal and Air Conditioning Contractors' National Association (SMACNA):
	a. Architectural Sheet Metal Manual, Seventh Edition, 2012.


	B. Qualifications:
	1. Sheet metal fabricator shall have minimum 10 years experience in fabrication of sheet metal items similar to items specified.
	2. Sheet metal installer shall have minimum five (5) years experience installing sheet metal items specified.


	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	B. PVDF:  Polyvinylidene fluoride.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.

	3. Fabrication and/or layout drawings.
	a. Scaled drawing showing expansion joint locations, special conditions, profile, fastening and jointing details.
	1) Minimum plan scale:  1/8 IN = 1 FT.
	2) Minimum detail scale:  1-1/2 IN = 1 FT.


	4. Fabricator qualifications.
	5. Installer qualifications.

	B. Samples:
	1. Finish and color samples for each product specified for Engineer preliminary color selection.
	2. For final color selection, provide two (2) 2 IN x 3 IN colored metal samples for each color selected during the preliminary color selection.

	C. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Warranty:  Manufacturer's sample warranty language.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Pre-finished sheet metal:
	a. Carlisle.
	b. Firestone Building Products.
	c. Petersen Aluminum Corp.

	2. Butyl sealant:
	a. Pecora.
	b. Sika.
	c. Tremco.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Sheet Metal:
	1. Galvanized Steel:  ASTM A653.

	B. Fasteners:  Non-ferrous compatible with sheet metal.
	C. Sealants:
	1. Non-curing Butyl Sealant:
	a. Pecora “BA-98 IN.
	b. Sika “SikaLastomer 511 IN.
	c. Tremco “TremPro JS-773 IN.

	2. Building sealants:
	a. See Specification Section 07 92 00.


	D. Fasteners:  Non-ferrous compatible with sheet metal.
	E. Retainer Clips and Continuous Cleats:  Galvanized steel or stainless steel.
	F. Solder:  ASTM B32.
	G. Dissimilar Metal Protection:  Comply with Specification Section 09 91 10.
	H. Reglets:  See Specification Section 04 05 23.

	2.3 MANUFACTURED items
	2.4 FABRICATED ITEMS
	A. General:
	1. Shop fabricate items to maximum extent possible.
	a. Fabricate true and sharp to profiles and sizes indicated on Drawings.
	1) Shop fabricate and weld or solder all corners.


	2. Pre-finished steel:
	a. Galvanized, G-60 or Galvalume, AZ-55.
	b. Thickness:  Minimum 22 GA.
	c. Texture:  Smooth.
	d. Coated on exposed face with PVDF coating having a minimum 70 PCT resin content and a minimum 1.0 MIL dry film thickness.
	1) Meet requirements of AAMA 2605.
	2) Color:  From Manufacturer’s available standard and premium colors.



	B. Retainer Clips and Continuous Cleats:
	1. 0.050 IN stainless steel.

	C. Gutters and Downspouts for metal roofing:  See Specification Section 07 61 13.


	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Provide items to be built into other construction to Contractor in time to allow their installation.

	3.2 INSTALLATION
	A. Install products in accordance with manufacturer's instructions, SMACNA, and as indicated on Drawings.
	B. Weld aluminum to achieve weathertight joints and required details.
	1. Do not weld slip joints.
	2. Touch-up damaged prefinished items.

	C. Set top edges of membrane flashing and sheet metal flashing into reglets wherever practicable.
	1. Surface applied terminations will be allowed only where specifically detailed or otherwise approved in writing by the Engineer.
	2. Provide counterflashing at all reglets.
	3. Seal reglets and counterflashings in accordance with Specification Section 07 92 00.

	D. Fasten materials at intervals recommended by SMACNA.
	E. Install slip joints to allow for thermal movement as recommended by SMACNA and manufacturer.
	1. Maximum spacing:  10 FT OC.
	2. Provide slip joint 24 IN from corners.
	3. Provide slip joint at each vertical expansion joint location in wall.
	a. Provide break in continuous cleat at each vertical expansion joint.
	b. The above expansion joints do not include brick veneer expansion joints.


	F. Seal slip joints with two (2) beads of non-curing butyl sealant on each side of slip joint overlap.
	G. Form flashings to provide spring action with exposed edges hemmed or folded to create tight junctures.
	H. Provide dissimilar metals and materials protection where dissimilar metals come in contact or where sheet metal contacts mortar, concrete masonry or concrete.
	I. Provide all miscellaneous sheet metal items not specifically covered elsewhere, as indicated or required to provide a weathertight installation.
	1. Provide all components necessary to create weather-tight junctures between roofing and sheet metal work.



	FIRESTOPPING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Firestopping of joints, through-wall penetrations, and membrane penetrations of fire-resistance rated construction.
	2. Selection of firestopping assemblies.
	3. Engineering Judgments.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.

	C. Firestopping:  Material or combination of materials used to retain integrity of fire rated construction by maintaining an effective barrier against the spread of flame, smoke, and hot gases through penetrations in fire rated wall and floor assemblies.

	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. E84, Standard Test Method for Surface Burning Characteristics of Building Materials.
	b. E119, Standard Test Methods for Fire Tests of Building Construction and Materials.
	c. E814, Standard Method of Fire Tests of Through Penetration Fire Stops.
	d. E1966, Standard Test Method for Fire Resistive Joint Systems.
	e. E2174, Standard Practice for On-Site Inspection of Installed Fire Stops.
	f. E2393, Standard Practice for On-Site Inspection of Installed Fire Resistive Joint Systems and Perimeter Fire Barriers.
	g. E2837, Determining the Fire Resistance of Continuity Head-of-Wall Joint Systems Installed Between Rated Wall.

	2. International Firestop Council (IFC).
	a. Recommended IFC Guidelines for Evaluating Firestop Systems in Engineering Judgments (EJs), referred to herein as IFC Recommended Guidelines.

	3. National Fire Protection Association (NFPA).
	a. 101, Life Sfaety Code.
	b. 220, Standard on Types of Building Construction.
	c. 221, Standard for High Challenge Fire Walls, Fire Walls, and Fire Barriers.
	d. 251, Standard Methods of Tests of Fire Resistance of Building Construction and Materials.
	e. 255, Standard Method of Test of Surface Burning Characteristics of Building Materials.

	4. Underwriters Laboratories, Inc. (UL):
	a. 263, Fire Tests of Building Construction and Materials.
	b. 723, Surface Burning Characteristics of Building Materials.
	c. 1479, Fire Tests of Through Penetration Fire Stops.
	d. 2079, Standard for Tests for Fire Resistance of Building Joint Systems.

	5. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2018 Edition including all amendments, referred to herein as Building Code.
	2) International Fire Code and associated standards, 2015 Edition including all amendments, referred to herein as the Fire Code.



	B. Qualifications:
	1. Firestop system installations must meet the requirements of ASTM E814, UL 1479 or UL 2079 tested assemblies that provide a fire rating equal to that of the construction being penetrated.
	2. Proposed firestop systems shall conform to applicable governing codes having local jurisdiction.
	3. For those fire stop applications that exist for which no qualified tested system is available through a manufacturer, an engineering judgment derived from similar qualified tested system designs or other tests will be submitted to local authorities...


	1.3 submittals
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data, including:
	a. Manufacturer’s listed design number.
	b. Manufacturer's installation instructions.
	c. Manufacturer’s specification and technical data for each material including the composition and limitations.
	d. Data sheet for all products and accessories used.
	e. Detailed drawings of special conditions:
	1) Provide UL listing for each type of firestopping assembly to be used.
	2) When UL listing is not available, provide a written Engineering Judgment in accordance with IFC Recommended Guidelines.
	a) Engineering Judgments shall be sealed by a Fire Protection Engineer licensed in the State of Texas.





	1.4 delivery, storage and handling
	A. Deliver materials undamaged in manufacturer's clearly labeled original, unopened containers, identified with brand, type, and UL label where applicable.
	B. Coordinate delivery of materials with scheduled installation date to allow minimum storage time at job-site.
	C. Store materials under cover and protect from weather and damage in compliance with the manufacturer’s requirements, including temperature.
	D. Do not use damaged or expired materials.

	1.5 Project conditions
	A. Schedule installation of firestopping after completion of penetrating item installation but prior to covering or concealing of openings.
	B. Verify existing conditions and substrates before starting work.  Correct unsatisfactory conditions before proceeding.
	C. Do not proceed with the installation of firestop materials when the ambient temperature is outside the manufacturer’s recommended limitations for installation and curing times as printed on the product label and product data sheet.
	D. During installation provide masking and drop cloths to prevent firestopping materials from contaminating any adjacent surfaces.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Safing insulation:
	a. Johns Manville.
	b. Owens-Corning.
	c. Fibrex.
	d. Roxul.

	2. Expanding silicone elastomer:
	a. Any manufacturer UL listed for system used.

	3. Firestop sealant:
	a. Dow Corning.
	b. 3M Company.
	c. Specified Technologies Inc.
	d. Hilti.

	4. Moldable putty:
	a. 3M Company.
	b. Specified Technologies Inc.
	c. Hilti.
	d. Rector Seal.

	5. Fire barrier pillows:
	a. 3M Company.
	b. Specified Technologies Inc.
	c. Hilti.

	6. Collars:
	a. 3 M Company.
	b. Specified technologies Inc.
	c. Hilti.

	7. Expanding Foams:
	a. 3 M Company.
	b. Hilti.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. General:
	1. Use only materials that have been UL 1479 or ASTM E814 tested for specific fire-rated construction conditions conforming to construction assembly type, penetrating item type, annular space requirements, and fire rating involved for each separate item.

	B. Safing Insulation shall be tested to ANSI/UL 263 and listed in UL product category BZJZ, Batts and Blankets.
	C. Expanding Silicone Elastomer:  UL listed.
	1. Fill, Void or Cavity Materials:  Product category XHHW.
	2. Through Penetration Firestop Systems:  Product category XHEZ.

	D. Firestop Sealant:  UL listed one part silicone installed as required by the listed design.
	E. Moldable Putty:  UL listed, product category QCSN or CLIV, Wall Opening Protective Materials.
	F. Firestop collars:  UL Listed.
	G. Fire Barrier Pillows:
	1. UL listed.
	2. Removable and reusable.
	3. Pillows have self-locking feature.

	H. Backer rod and/or compressible filler:  UL listed, product category XHHW, Fill, Void or Cavity Materials.


	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. General:
	1. Selection and installation of firestopping assemblies is entirely the responsibility of the Contractor.
	2. All firestopping shall be provided in accordance with the Building Code and UL listing requirements as necessary to provide the required fire-resistance rating.
	3. When UL listing is not available, install in accordance with approved written Engineering Judgment.
	4. All firestopping products shall be installed in accordance with the manufacturer’s instructions.
	5. Where firestopping will be exposed to view, provide colors matching adjacent construction or paint, if approved by manufacturer, only after inspection and approval by AHJ.
	6. Where firestopping is not exposed to view, provide manufacturer's standard color.

	B. Openings and Penetrations:
	1. Provide firestopping assembly tested in accordance with ASTM E814 or UL 1479 for all openings, through-penetrations, and membrane penetrations in fire-rated construction.
	a. Provide Flame (F), Thermal (T), Smoke (L), and Water (W) rated assemblies as necessary to meet Building Code requirements.


	C. Building Joint Systems:
	1. Provide firestopping assembly tested in accordance with ASTM E1966 and ASTM E1399, or UL 2079 for all joint assemblies in or between fire-resistance-rated walls, floors or floor/ceiling assemblies and roofs or roof/ceiling assemblies.

	D. Refer to Specification Section 01 73 20 for openings and penetrations requiring fire stopping.

	3.2 Identification and Documentation
	A. Prior to acceptance by the Owner, provide written statement that all fire-rated penetrations have been sealed using products specified in accordance with UL requirements for required rating.
	B. Provide documents to the Owner of all listed systems installed and all engineering judgments.

	3.3 field quality control
	A. Provide Special Inspection of all firestopping in accordance with IBC Chapter 17 and Specification Section 01 45 33.


	JOINT SEALANTS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Sealing all joints which will permit penetration of dust, air or moisture.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 07 84 00 - Firestopping.
	4. Section 09 91 10 - Architectural Painting.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Concrete Institute (ACI):
	a. 302.1R, Guide for Concrete Floor and Slab Construction.

	2. ASTM International (ASTM):
	a. C834, Standard Specification for Latex Sealants.
	b. C920, Standard Specification for Elastomeric Joint Sealants.
	c. C1521, Standard Practice for Evaluating Adhesion of Installed Weatherproofing Sealant Joints.

	3. NSF International (NSF):
	a. 61, Drinking Water System Components -- Health Effects.

	4. Underwriters Laboratories, Inc. (UL).
	5. International Energy Conservation Code (IECC), 2015 Edition including all amendments.

	B. Qualifications:  Sealant applicator shall have minimum five (5) years experience using products specified on projects with similar scope.
	C. Mock-Ups:
	1. Before sealant work is started, a mock-up of each type of joint shall be sealed where directed by the Engineer.
	a. The approved mock-ups shall show the workmanship, bond, and color of sealant materials as specified or selected for the work and shall be the minimum standard of quality on the entire project.
	b. Each sample shall cure for a minimum of seven (7) days at which time the sealant manufacturer's authorized factory representative shall perform adhesion tests on each sample joint.
	1) Perform adhesion tests per ASTM C1521.
	2) If mock-up is not acceptable or if adhesion test fails, provide additional mock-up and adhesion testing as required until acceptable to Engineer.




	1.3 DEFINITIONS
	A. Corrosive Areas Include:  Chemical building.
	B. Defect(ive):  Failure of watertightness or airtightness.
	C. Finish sealant:  Sealant material per this specification applied over face of compressible sealant or expanding foam sealant specified, to provide a finished, colored sealant joint.
	D. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	E. "Interior wet areas":  Toilets, showers, laboratories, and similar areas.
	F. "Seal," "sealing" and "sealant":  Joint sealant work.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Manufacturer's recommendations for joint cleaner, primer, backer rod, tooling and bond breaker.

	3. Certification from sealant manufacturer stating product being used is recommended for and is best suited for joint in which it is being applied.
	4. Certification of applicator qualification.

	B. Test Results:
	1. Provide adhesion test results for each sealant sample including adhesion results compared to adhesion requirements.
	2. Manufacturer's authorized factory representative recommended remedial measures for all failing tests.

	C. Samples:
	1. Cured sample of each color for Engineer's color selection.
	2. Color chart not acceptable.

	D. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Deliver material in manufacturer's original unopened containers with labels intact:  Labels shall indicate contents and expiration date on material.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Compressible sealant:
	a. Polytite Manufacturing Corporation.
	b. Emseal.
	c. Norton.
	d. Sandell.

	2. Expanding foam sealant:
	a. Macklanburg Duncan.
	b. Convenience Products.
	c. FAI International, Inc.

	3. Fire-resistant sealant:  See Specification Section 07 84 00.
	4. Polyether sealants:
	a. BASF.
	b. ChemLink, Inc.
	c. Tremco.

	5. Polysulfide rubber sealant:
	a. Pecora.
	b. BASF.
	c. PolySpec.

	6. Polyurea joint filler:
	a. Dayton Superior Specialty Chemical Corporation.
	b. Euclid Chemical Co.
	c. L&M Construction Chemicals, Inc.
	d. BASF.

	7. Polyurethane sealants:
	a. Pecora.
	b. Sika Chemical Corp.
	c. BASF.
	d. Tremco.

	8. Silicone sealants:
	a. ChemLink.
	b. GE Construction Sealants.
	c. Dow Corning.
	d. Tremco.

	9. Open-Cell Polyurethane Foam
	a. Basis of Design: Emseal Colorseal.

	10. Backer rod, compressible filler, primer, joint cleaners, bond breaker:  As recommended by sealant manufacturer.

	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Sealants - General:
	1. Provide colors matching materials being sealed.
	2. Where compound is not exposed to view in finished work, provide manufacturer's color which has best performance.
	3. Nonsagging sealant for vertical and overhead horizontal joints.
	4. Sealants for horizontal joints:  Self-leveling pedestrian/traffic grade.
	5. Joint cleaner, primer, bond breaker:  As recommended by sealant manufacturer.
	6. Sealant backer rod and/or compressible filler:
	a. Closed cell polyethylene, polyethylene jacketed polyurethane foam, or other flexible, nonabsorbent, non-bituminous material recommended by sealant manufacturer to:
	1) Control joint depth.
	2) Break bond of sealant at bottom of joint.
	3) Provide proper shape of sealant bead.
	4) Serve as expansion joint filler.


	7. Exterior envelope sealants meet minimum 2015 IECC air leakage requirements.

	B. Compressible Sealant:
	1. Foamed polyurethane strip saturated with polymerized polybutylene waterproofing coated on front face with nonreactive release agent that will act as bond breaker for applied sealant.
	a. Polytite Manufacturing Corp. "Polytite-B."

	2. Fire rated where required.
	3. Adhesive:  As recommended by sealant manufacturer.

	C. Expanding Foam Sealant:
	1. One (1) or two (2) component fire rated moisture cured expanding urethane.
	2. Shall not contain formaldehyde.
	3. Density:  Minimum 1.5 PCF.
	4. Closed cell content:  Minimum 70 PCT.
	5. R-value:  Minimum 5.0/IN.
	6. Flame spread:  Less than 25.
	7. Smoke developed:  Less than 25.

	D. Fire-Resistant Sealant:  See Specification Section 07 84 00.
	E. Polyether Sealant:
	1. Silyl-terminated polyether polymer.
	2. ASTM C920, Type S, Grade NS, Class 50, Use NT, M, A, and O.
	a. BASF MasterSeal 150.
	b. ChemLink DuraLink.
	c. Tremco Dymonic FC


	F. Polysulfide Rubber Sealant:
	1. One (1) or two (2) component.
	2. Meet ASTM C920.
	a. Pecora Synthacalk GC2+.
	b. PolySpec THIOKOL 2235.


	G. Polyurea Joint Filler:
	1. Two (2) component, semi-rigid material for filling formed or saw-cut control joints in interior concrete slabs.
	a. Dayton Superior Specialty Chemical Corp. "Joint Fill, Joint Seal, Joint Saver II" as required for condition and recommended by manufacturer.
	b. Euclid Chemical Co. "EUCO QWIK" joint.
	c. L&M Construction Chemicals, Inc. "Joint Tite 750 IN.
	d. BASF MasterSeal “CR100 IN control joint filler.

	2. Comply with ACI 302.1R performance recommendations regarding control and construction joints.
	3. Color:  Gray.

	H. Polyurethane Sealant:
	1. One (1) or two (2) components.
	2. Paintable.
	3. Meet ASTM C920 Type S or Type M, Grade NS or P, Class 25, Use NT, T, M, A and O.
	a. Pecora Dynatrol-IXL, Dynatrol II, Urexpan NR-200, NR-201.
	b. Sika Chemical Corporation Sikaflex-1a, Sikaflex-2C NS/SL.
	c. BASF MasterSeal NP-1, NP-II, SL-1 SL-2.
	d. Tremco Dymonic or Dymeric, Vulkem 116,227,45,245.


	I. Silicone Sealant:
	1. One (1) component.
	2. Meet ASTM C920, Type S, Grade NS, Class 25, Use NT, G, A, O.
	a. ChemLink:  DuraSil.
	b. General Electric:  Silpruf, Silglaze II.
	c. General Electric:  Sanitary 1700 sealant for sealing around plumbing fixtures.
	d. Dow Corning:  786 for sealing around plumbing fixtures.
	e. Dow Corning:  7565, 790, 791, 795.
	f. Tremco:  Spectrem 1, Spectrem 3, Tremsil 600.

	3. Mildew resistant for sealing around plumbing fixtures.

	J. Open-Cell Polyurethane Foam
	1. Basis of Design: Emseal Colorseal.
	2. For use at building expansion joints and other similar locations as applicable.
	a. Nominal 1 IN wide by depth required to match construction materials and minimum R-Value.

	3. With factory applied and cured silicone weather facing. Double sided at exposed interior locations or at other similar exposed shallow substrate conditions.
	4. R-Value: Nominal 1.8 per inch of depth.
	a. Provide at all exterior building envelope conditions.

	5. Color to be selected from manufacturer’s standard colors. Match adjacent materials.
	6. Match minimum R-value of building envelope roof or wall component where applicable.



	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Before use of any sealant, investigate its compatibility with joint surfaces, fillers and other materials in joint system.
	B. Use only compatible materials.
	C. Where required by manufacturer, prime joint surfaces.
	1. Limit application to surfaces to receive sealant.
	2. Mask off adjacent surfaces.

	D. Provide joint depth for joints receiving polyurea joint filler in accordance with manufacturer's recommendations.

	3.2 INSTALLATION
	A. Install products in accordance with manufacturer's instructions and UL requirements and in accordance with IECC for components that comprise the air barrier system envelope.
	B. Clean all joints.
	C. Make all joints water and airtight.
	D. At changes in direction of joints, joint intersections and where sealant joints interface with other construction, install continuous sealant as necessary to ensure a weather-tight seal.
	E. Make depth of sealing compounds, except expanding foam and polyurea sealant, not more than one-half width of joint, but in no case less than 1/4 IN nor more than 1/2 IN unless recommended otherwise by the manufacturer.
	F. Provide correctly sized backer rod, compressible filler or compressible sealant in all joints to depth recommended by manufacturer:
	1. Take care to not puncture backer rod and compressible filler.
	2. Provide joint backer rod as recommended by the manufacturer for polyurea joint filler.

	G. Apply bond breaker where required.
	H. Tool sealants using sufficient pressure to fill all voids.
	I. Upon completion, leave sealant with smooth, even, neat finish.
	J. Where piping, conduit, ductwork, etc., penetrate wall, seal each side of wall opening.
	K. Install compressible sealant to position at indicated depth.
	1. Size so that width of material is twice joint width.
	2. Take care to avoid contamination of sides of joint.
	3. Protect side walls of joint (to depth of finish sealant).
	4. Install with adhesive faces in contact with joint sides.
	5. Install finish sealant where indicated.

	L. Install expanding foam sealant to minimum 4 IN depth or thickness of wall being penetrated if less than 4 IN or as indicated on Drawings.
	1. Provide adequate fire rated backing material as required.
	2. Hold material back from exposed face of wall as necessary to allow for installation of backer rod and finish sealant.
	a. Allow expanding foam sealant to completely cure prior to installing backer rod and finish sealant.

	3. Trim off excess material flush with surface of the wall if not providing finished sealant.

	M. Install open-cell polyurethane foam to building expansion joints in accordance with manufacturer’s installation instructions.

	3.3 Sealant work
	A. General:
	1. Work includes but is not limited to:  Sealing all joints which will permit penetration of dust, air, or moisture.
	2. Refer to SCHEDULE for materials to be used.
	3. See Specification Section 07 84 00 for firestopping.

	B. Concrete joints:
	1. Flooring joints.
	2. Isolation joints.
	3. Joints between paving or sidewalks and building.
	4. Construction, control and expansion joints.
	5. Joints between precast roof units and between precast roof units and walls.
	6. Joints between precast wall panels.
	7. Precast panel bearing joints:
	a. At panels bearing at or above grade, seal both sides of panel base joint.
	b. At panels bearing below grade:
	1) Seal exterior panel base joint prior to backfilling and/or placement of site paving.
	2) Provide compressible filler and sealant or backer rod and sealant as appropriate for interior slab condition.



	C. Masonry:
	1. Masonry control joints.
	2. Brick expansion joints.
	3. Cast stone coping and sill head joints.
	4. Glass masonry joints.
	5. Between masonry and other materials.

	D. Flashing, reglets and retainers.
	E. Wood siding and trim.
	F. Exterior Insulation and Finish System joints.
	G. Openings:
	1. Perimeters of door and window frames, louvers, grilles, etc.
	2. Door thresholds shall be set in a full bed of sealant.
	3. Glass and glazing:  See specification Section 08 81 00.

	H. Interior finishes:
	1. Perimeter and penetrations of sound insulated walls.
	2. Casework and millwork:  See Specification Section 06 41 00.
	3. Expansion and control joints in tile work.

	I. Plumbing fixtures.
	J. Penetrations of walls, floors and decks.
	K. Other joints where sealant, expanding foam sealant or compressible sealant is indicated.

	3.4 FIELD QUALITY CONTROL
	A. Adhesion Testing:
	1. Perform adhesion tests in accordance with ASTM C1521 per the following criteria:
	a. Water bearing structures:  One (1) test per every 1000 LF of joint sealed.
	b. Exterior precast concrete wall panels:  One (1) test per every 2000 LF of joint sealed.
	c. Chemical containment areas:  One (1) test per every 1000 LF of joint sealed.
	d. Building expansion joints:  One (1) test per every 500 LF of joint sealed.
	e. All other type of joints except butt glazing joints:  One (1) test per every 3000 LF of joint sealed.
	f. Manufacturer's authorized factory representative shall recommend, in writing, remedial measures for all failing tests.



	3.5 SCHEDULE
	A. Furnish sealant as indicated for the following areas:
	1. Exterior areas:
	a. Above grade:  Polyether.
	b. Below grade:  Polyurethane.

	2. Interior areas:
	a. Noncorrosive areas:
	1) Wet exposure:  Polyether.
	a) Toilet rooms, locker rooms, janitor closets or similar areas:  Mildew resistant silicone.

	2) Dry exposure:  Polyether, unless noted otherwise.
	a) Sound insulated construction:  Acoustical sealant.


	b. Corrosive areas:
	1) Wet exposure:  Polysulfide.
	2) Dry exposure:  Polyurethane.

	c. Fire-rated construction:  See Specification Section 07 84 00.
	d. Sealant exposed to or having the potential of being exposed to concentrated chlorine gas or chlorine liquid:  Polysulfide.
	e. Casework, countertops and solid surface materials:  Silicone.
	1) Sinks, fixtures or other areas subject to potential splash, spillage or condensation:  Mildew Resistant Silicone.


	3. Immersion:
	a. Prolonged contact with or immersion in:
	1) Potable water:
	a) Polysulfide.
	b) NSF 61 approved.

	2) Nonpotable water, wastewater or sewage:  Polysulfide.


	4. Compressible sealant:  Where indicated.
	5. Exterior wall penetrations:  Expanding urethane foam, with finish sealant.
	a. Finish sealant:
	1) Exterior side:
	a) Above grade:  Polyether.
	b) Below grade:  Polyurethane.

	2) Interior side:
	a) Noncorrosive area:
	(1) Wet exposure:  Polyether.
	(2) Dry exposure:  Polyether, unless noted otherwise.

	b) Corrosive area:
	(1) Wet exposure:  Polysulfide.
	(2) Dry exposure:  Polyurethane.




	6. Interior concrete slab formed or saw-cut control joints:  Polyurea joint filler.
	7. Expansion joints: Open cell polyurethane foam, Emseal colorseal.



	HOLLOW METAL DOORS AND FRAMES
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Metal doors and frames.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 08 70 00 - Finish Hardware.
	4. Section 08 81 00 - Glass and Glazing.
	5. Section 09 91 10 - Architectural Painting.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.

	2. National Association of Architectural Metal Manufacturers (NAAMM):
	a. Hollow Metal Manufacturers Association (HMMA).

	3. Steel Door Institute (SDI):
	a. 117, Manufacturing Tolerances for Standard Steel Doors and Frames.
	b. All SDI publications.

	4. Steel Door Institute/American National Standards Institute (SDI/ANSI):
	a. A250.6, Recommended Practice for Hardware Reinforcing on Standard Steel Doors and Frames.
	b. A250.7, Nomenclature for Standard Steel Doors and Steel Frames.
	c. A250.8 (formerly SDI 100), Recommended Specifications for Standard Steel Doors and Frames.
	d. A250.10, Test Procedure and Acceptance Criteria for Prime Painted Steel Surfaces for Steel Doors and Frames.
	e. A250.11, Recommended Erection Instructions for Steel Frames.

	5. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2018 Edition including all amendments, referred to herein as Building Code.
	2) International Energy Conservation Code (IECC), 2015 Edition including all amendments.


	6. National Fenestration Rating Council (NRFC).

	B. Qualifications:  Manufacturer must be current member of SDI, and NAAMM (HMMA).
	C. Wipe coat galvanized steel is not acceptable as substitute for galvanizing finish specified.

	1.3 DEFINITIONS
	A. As identified in SDI/ANSI A250.7.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.

	3. Schedule of doors and frames using same reference numbers as used on Drawings.
	4. SDI certification.

	B. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.



	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Store doors and frames in accordance with SDI/ANSI A250.11.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Metal doors and frames:
	a. CECO Corporation.
	b. Steelcraft Manufacturing Co.
	c. Curries Company.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Steel Sheet:  Hot-dipped galvannealed steel, ASTM A653, A60 coating.
	B. Frames:  Hot-dipped galvannealed steel, ASTM A653, A60 coating.
	C. Supports and Reinforcing:  Hot-dipped galvannealed steel, ASTM A653, A60 coating.
	D. Inserts, Bolts and Fasteners:  Manufacturer's standard.
	E. Primer:  Manufacturer's standard coating meeting SDI/ANSI A250.10.
	F. Galvannealed Coating Repair:  See Specification Section 09 91 10.
	G. Thermal Insulation:  Polyurethane, CFC free.
	H. Sound Insulation:  Fiberglass batt insulation or impregnated Kraft honeycomb.

	2.3 ACCESSORIES
	A. Glass Panels in Doors:
	1. Fixed, integral stops on exterior face.
	2. Snap-in stops or stops secured with countersunk Phillips head machine screws on interior face.
	3. Reinforce cut-out in door panel with minimum 20 GA galvannealed or galvanized steel channel.
	4. Glass:  See Specification Section 08 81 00.

	B. Frame Anchors:
	1. Jamb anchors:
	a. Masonry wire anchors:  Minimum 0.1875 IN wire, galvanized.
	b. Existing wall anchor:  Minimum 18 GA, galvanized.
	c. Stud partition and base anchors:  Minimum 18 GA, galvanized.



	2.4 FABRICATION
	A. General:
	1. SDI/ANSI A250.8.
	2. Fabricate rigid, neat in appearance and free from defects.
	3. Form to sizes and profiles indicated on Drawings.
	a. Beveled edge.

	4. Fit and assemble in shop wherever practical.
	5. Mark work that cannot be fully assembled in shop to assure proper assembly at site.
	6. Continuously wire weld all joints, dress exposed joints smooth and flush.
	7. Fabricate doors and frames to tolerance requirements of SDI 117.
	8. Fit doors to SDI and NFPA 80 clearances if fire doors are used.
	9. Provide fire rated doors which are approved and labeled by UL.
	10. All doors shall be handed.
	11. Hinge cut-out depth and size on doors and frames shall match hinge specified in Specification Section 08 70 00.
	12. Design and fabricate doors to requirements of the Building Code.

	B. Hollow Metal Doors:
	1. General:
	a. 1-3/4 IN thick.
	b. Fabricate with flush top caps.
	1) Thickness and material to match door face.
	2) Exterior doors:  Seal weld top cap to door face and grind smooth and flush.
	3) Interior doors:
	a) Attach top cap to door with concealed fasteners or by welding.
	b) Factory seal if attached with fasteners.
	c) No exposed fasteners will be accepted.


	c. Continuously wire weld all joints and dress, smooth and flush.

	2. Exterior:
	a. Doors 48 IN wide, or less:  SDI/ANSI A250.8, Level 3, and physical performance level A, Model 2.
	1) Face sheet minimum thickness:  16 GA.
	2) Insulated:  Minimum R10.
	3) Meets minimum 2015 IECC air leakage requirements.
	a) Provide labeling on door/frame indicating conformance or letter from manufacturer certifying compliance.
	b) Products rated in accordance with NFRC.



	3. Fire rated:
	a. SDI/ANSI A250.8, Level 3, and physical performance level A, Model 2.
	b. Face sheet minimum thickness:  16 GA.
	c. UL fire labeled.
	d. Comply with UL 10B and UL 10C.
	e. Maximum transmitted temperature:
	1) Fire doors shall have a maximum transmitted temperature end point of not more than 250 DEGF above ambient at the end of 30 minutes of standard fire test exposure.

	f. Pairs UL fire labeled without astragal.
	g. Comply with NFPA 80.

	4. Interior:
	a. Doors 48 IN wide, or less:  SDI/ANSI A250.8, Level 2, and physical performance level "B", Model 2.
	1) Face sheet minimum thickness:  18 GA.

	b. Sound insulated, minimum STC-35.


	C. Hollow Metal Frames:
	1. Door frames:
	a. Provide 2 IN face at all heads, jambs and mullions for frames in stud walls.
	b. Provide 4 IN face at head where noted on Drawings or required by wall construction.
	c. 26 GA galvannealed steel boxes welded to frame at back of all hardware cutouts.
	d. Steel plate reinforcement welded to frame for hinge, strikes, closers and surface-mounted hardware reinforcing.
	1) All plate reinforcement shall meet size and thickness requirements of SDI/ANSI A250.8.

	e. Split type frames not acceptable.
	1) All horizontal and vertical mullions and transom bars shall be welded to adjacent members.

	f. Conceal all fasteners.
	g. Frames shall be set up, all face joints continuously wire welded and dressed smooth.
	h. Exterior (up to 4 FT wide):  16 GA.
	i. Exterior (over 4 FT wide):  14 GA.
	j. Fire rated:
	1) 16 GA.
	2) Comply with UL 10B and UL 10C.
	3) Comply with NFPA 80.

	k. Interior:  16 GA.
	l. Provide removable spreaders at bottom of frame.


	D. Prepare for finish hardware in accordance with hardware schedule, templates provided by hardware supplier, and SDI/ANSI A250.6.
	1. Locate finish hardware in accordance with SDI/ANSI A250.8.
	2. See Specification Section 08 70 00 for hardware.
	3. Prepare doors for swing direction indicated.
	a. Preparing doors for non-handed hinges is not acceptable.


	E. After fabrication, clean off mill scale and foreign materials and prime with rust inhibiting primer.


	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install doors and frames in accordance with SDI/ANSI A250.11, the Building Code, IECC requirements, and manufacturer's instructions.
	B. Plumb, align, and brace frames securely until permanently anchored.
	1. After completion of walls, remove temporary braces and spreaders.
	2. Anchor frames with minimum of three (3) anchors per jamb.
	a. Number and location of anchors shall be in accordance with SDI and frame manufacturer's recommendations.


	C. At new masonry or metal stud construction, place frames in conjunction with construction of walls or partitions.
	1. Masonry construction:  Anchor frames using masonry wire anchors.
	2. Metal stud construction:
	a. Anchor frames using steel stud anchors.
	b. Attach wall anchors with self-tapping screws.


	D. At concrete, precast concrete or existing masonry construction, place frames in rough opening using existing opening anchors.
	E. Use plastic plugs to keep silencer holes clear during construction.
	F. Immediately after erection, sand smooth rusted or damaged areas.
	1. Touch-up with rust-inhibiting primer.
	2. Finish paint door and frame in accordance with Specification Section 09 91 10.

	G. Install three (3) silencers on strike jamb of single door frame and two (2) on head of double door frame.
	1. See Specification Section 08 70 00.

	H. Protect doors and frames during construction.


	PLASTIC FACED WOOD DOORS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Plastic faced wood doors.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 08 11 00 - Metal Doors and Frames.
	4. Section 08 70 00 - Finish Hardware.
	5. Section 08 81 00 - Glass and Glazing.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American National Standards Institute (ANSI):
	a. A208.1, Particleboard.

	2. ASTM International (ASTM):
	a. E90, Standard Test Method for Laboratory Measurement of Airborne Sound Transmission Loss of Building Partitions and Elements.
	b. E2074, Standard Test Method for Fire Tests of Door Assemblies, Including Positive Pressure Testing of Side-Hinged and Pivoted Swinging Door Assemblies.  WITHDRAWN IN 2007 WITH NO REPLACEMENT

	3. American Woodworkers Institute (AWI):
	a. Quality Standards:
	1) Section 1300, Architectural Flush Doors.


	4. National Electrical Manufacturers Association (NEMA):
	a. LD 3, High-Pressure Decorative Laminates (HPDL).

	5. National Fire Protection Association (NFPA):
	a. 80, Standard for Fire Doors and Other Opening Protectives.
	b. 252, Standard Methods of Fire Tests of Door Assemblies.

	6. Underwriters Laboratories, Inc. (UL):
	a. Building Materials Directory.

	7. Window and Door Manufacturers Association (WDMA):
	a. I.S. 1A, Interior Architectural Wood Flush Doors.



	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.

	3. Schedule of doors using same numbers as indicated on Drawings.
	a. Schedule to include size, type, swing, rating, frame type and size, and hardware set required.


	B. Samples:
	1. Plastic laminate samples of manufacturer's full line of colors and finishes for Engineer's selection.
	2. After initial selection of plastic laminate color and finish, provide one 12 x 12 IN sample of actual door construction showing veneer selected, core, and stile and rail construction.

	C. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Warranty.
	3. Certification of AWI membership.


	1.4 WARRANTY
	A. Warrant doors in writing for life of installation against defects including:
	1. Delamination.
	2. Warp or twist of 1/4 IN or more.
	3. Telegraphing of any part of core through face veneer.
	4. Surface variation exceeding 1/100 IN in 3 IN span.
	5. Color fading if solid color laminates.
	6. Any other defect which may impair or affect performance of door for purpose for which it is intended.

	B. Warranty to include:
	1. Removal and replacement of defective door(s).
	2. Removal of existing hardware and refitting to new door.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Plastic-faced wood doors:
	a. Basis of Design:
	1) Palladium doors by Eggers

	b. Optional:
	1) VT Industries, Inc.


	2. Rigid vinyl sheet:
	a. Basis of Design:
	1) Inpro rigid vinyl sheet



	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Doors:
	1. Solid core non-fire rated:
	a. Core:
	1) ANSI A208.1 particleboard.
	2) Provide solid wood reinforcing at all hardware locations and around all cut-outs.

	b. Stiles:  Manufacturer's standard solid wood.
	c. Rails:  Manufacturer's standard solid wood.
	d. Adhesive:  Type II water resistant, WDMA I.S. 1A.

	2. Solid core fire rated:
	a. Core:
	1) Mineral core.
	2) Incombustible.
	3) Provide fire treated solid wood blocking at all hardware locations and around all cut-outs.

	b. Stiles:  Manufacturer's standard fire-retardant solid wood.
	c. Rails:  Manufacturer's standard fire-retardant solid wood.
	d. Adhesive:  Type I water resistant, WDMA I.S. 1A.

	3. Sound-retardant doors:
	a. Core:  High density particleboard.
	b. Stiles:  Manufacturer's standard solid wood.
	c. Rails:  Manufacturer's standard solid wood.
	d. Adhesive:  Type II water resistant, WDMA I.S. 1A.



	2.3 FABRICATION
	A. General:
	1. All doors shall be fabricated in accordance with and shall meet requirements of Custom Grade standards.
	2. Hardware preparation:
	a. Factory machine doors for application of hardware specified.
	b. Bevel vertical edges 1/8 IN in 2 IN.
	c. Clearance at bottom of door:  1/2 IN.
	d. Clearance at top of door:  1/8 IN.
	e. Tolerances:
	1) Width:  1/32 IN.
	2) Height:  1/16 IN.
	3) Thickness:  1/16 IN.
	4) Hardware location:  1/32 IN.
	5) Locks and hinges:  1/32 IN.

	f. Fit fire rated doors to meet requirements of labeling agency.
	g. Refer to Specification Section 08 70 00 for hardware requirements and template provided by hardware manufacturer.

	3. Cut-outs:
	a. Make all cut-outs in the factory.
	b. Seal edges of all openings.

	4. All doors shall be 1-3/4 IN thickness unless indicated otherwise.

	B. Fire Rated Doors:
	1. Provide doors with UL labels.
	2. Comply with NFPA 80 and NFPA 252.

	C. Finish:
	1. Vinyl cladding:
	a. Provide doors with vinyl clad veneer.
	1) Minimum 0.040 IN thick.
	2)  Solid color vinyl.
	3) Stiles (vertical edges) shall have matching laminate.
	4) Seal top and bottom edges.
	5) Color:  From manufacturer’s standard and premium colors.


	2. Sound-retardant doors:
	a. STC:  Minimum 30 per ASTM E90.
	b. Automatic door bottom:  Manufacturer's standard.
	c. Adjustable gasketed stops:  Manufacturer's standard.


	D. Where fire ratings and classifications are indicated or required by code:
	1. UL tested and listed as fire door assembly with labels.
	2. Comply with NFPA 80.
	3. Maximum transmitted temperature:
	a. 1 HR rated:  250 DEGF at 30 minutes.




	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Condition doors to prevailing humidity for minimum 72 HRS prior to hanging.

	3.2 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Fit doors to frames and machine for hardware, to whatever extent not previously worked at factory.

	3.3 SCHEDULES
	A. Refer to Drawings for door schedule.


	FIBERGLASS REINFORCED PLASTIC (FRP) DOORS AND FRAMES
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. FRP doors and frames.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 08 70 00 - Finish Hardware.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. A153/A153M, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.

	2. Door and Hardware Institute/American National Standards Institute (DHI/ANSI):
	a. A115.1, Preparation of Mortise Locks in 1-3/8 IN and 1-3/4 IN Standard Steel Doors and Frames.

	3. National Fire Protection Association (NFPA):
	a. 80, Standard for Fire Doors and Other Opening Protectives.

	4. Steel Door Institute (SDI):
	a. 117, Manufacturing Tolerances for Standard Steel Doors and Frames.
	b. All applicable SDI publications.

	5. Building Code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2018 Edition including all amendments, referred to herein as Building Code.
	2) International Energy Conservation Code (IECC) 2015 Edition including all amendments.


	6. National Fenestration Rating Council (NFRC).

	B. Qualifications:
	1. Manufacturer shall have been producing products specified for minimum of 10 years.
	2. Installer shall have minimum of five (5) years experience in the installation of fiberglass reinforced plastic doors and frames.
	a. Experience shall include field repair of fiberglass and gel coating.


	C. Doors and frames shall be fabricated and prepared for hardware by single manufacturer except for fire rated frames.
	D. Door hardware and accessories are to be provided by others and installed in the field.
	E. All door hardware is to be provided per Specification Section 08 70 00.

	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.


	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.

	3. Schedule of doors and frames specific to this Specification Section, using same reference numbers as used on Drawings.
	4. Certification of manufacturer's qualifications.
	5. Certification of installer's experience.
	6. Certification that doors and frames have been protected against chemical exposures listed.

	B. Samples:
	1. Provide one (1) 6 x 6 IN sample of frame and one (1) 6 x 6 IN sample of standard door and sample of fire rated door specified.
	a. Frame sample shall show corner construction.
	b. Door sample shall show core specified and reinforcing construction.


	C. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.


	D. Informational Submittals:
	1. Warranty.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Store doors and frames in a dry, weather protected area.
	1. Place units on wood skids providing a minimum 6 IN air space above the ground.
	2. Do not store units flat, set frames and doors on edge providing a minimum 1/2 IN air circulation space between each unit.
	3. Provide covering which will ensure air flow around each unit to prevent trapping moisture.
	4. If door wrapper becomes wet, remove immediately and provide dry protection equivalent to wrapper removed.

	B. Storage recommendations by unit manufacturer shall take precedence over the above requirements.

	1.6 WARRANTY
	A. Warranty all FRP components to be free of defects in materials and workmanship for one (1) year and from degradation or failure due to corrosion for minimum of five (5) years from date of building acceptance.
	1. Warranty against door warpage of more than 1:100 when measured diagonally across the door.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. FRP doors and frames:
	a. Corrim Company.
	b. Eliason CF9000.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Face Panel:  Fiberglass reinforced plastic.
	B. Supports and Reinforcing:  Non-swelling polymer or equivalent non-corrosive material.
	C. Inserts, Bolts and Fasteners:  Stainless steel.
	D. Insulation:  Polyurethane.
	E. Core:
	1. Non-fire rated:
	a. Rigid, end grain balsa.
	b. Thickness:  Minimum 1-1/2 IN.
	c. Density:  8.5 - 9.0 PCF.
	d. Compressive strength:  Minimum 1400 PSI.


	F. Frames:
	1. Non-fire rated:  Fiberglass reinforced plastic.


	2.3 ACCESSORIES
	A. Frame Anchors:
	1. Jamb anchors in masonry:  9 GA steel, masonry wire anchor, galvanized per ASTM A153/A153M, G60 coating.
	2. Floor anchors:  12 GA steel, galvanized per ASTM A153/A153M, G60 coating.
	3. Anchors in existing openings:  Stainless steel machine screws and stainless steel expansion shield.

	B. Glass Panels in Doors:
	1. Fixed, applied stops on each face with snap-in retainer and trim fabricated from non-corrosive materials.
	a. No exposed fasteners on exterior of door allowed.
	b. Doors may be glazed at the factory or at manufacturer's option may be glazed in the field.

	2. Reinforce cut-out in door panel with minimum 1.5 IN SQ fiberglass tubing.
	3. Glass:  Refer to Drawings..

	C. Louvers:
	1. Doors:
	a. Frame:  Manufacturer's standard FRP.
	b. Blades:
	1) Inverted "V" type minimum free area of 35 PCT.
	2) FRP to match frame.

	c. Blades integral with frame.
	d. Screen:  Fiberglass mesh.  Match louver size.
	e. Color:  To match door.
	f. Size:  To accommodate minimum 0.88 SQFT free area.
	g. Refer to door schedule for locations.



	2.4 FABRICATION
	A. General:
	1. Fabricate rigid, neat in appearance and free from defects.
	2. Form to sizes and profiles indicated on Drawings.
	a. Sizes indicated in DOOR SCHEDULE are nominal.
	b. Refer to Architectural details for actual conditions affecting actual size of rough openings.

	3. Fit and assemble in shop wherever practical.
	4. Mark work that cannot be fully assembled in shop to assure proper assembly at site.
	5. For door frames, all surfaces, both exposed and concealed, shall be gel coated to prevent acid attack of the glass reinforcing.
	6. Provide minimum 1.5 IN SQ FRP tubing reinforcing on all sides of louver and vision panels cut out.
	7. Fabricate doors and frames to tolerance requirements of SDI 117.
	8. Fit doors to SDI clearances.
	9. Doors shall be fabricated to withstand splash and spillage attack from the following chemicals for a period of 8 HRS.
	a. Sodium hypochlorite 12.5 PCT.
	b. Sodium Hydroxide 0.2 PCT.
	c. Ammonium Sulfate 38-40 PCT (aqueous).


	B. FRP Doors:
	1. General:
	a. Construction:
	1) 1-3/4 IN thick, minimum.
	2) Face sheets, 0.125 IN thick, minimum.
	3) Fabricate with flush top closure.
	4) Doors with a maximum size of 48 IN wide x 96 IN tall shall be fabricated in one (1) piece.
	5) Fill and dress all joints.
	6) Resin:  Polyester or vinyl ester as required to meet chemical resistance requirements.
	7) Fiberglass content (by weight):  Minimum 30 PCT, maximum 40 PCT.
	8) UV stabilized.
	9) Core:
	a) End grain balsa for non-fire rated doors.
	b) Mineral core for fire rated doors.


	b. Finish:
	1) Minimum 15 MIL gel coat thickness.
	2) Gel coat color:
	a) Exterior doors:  Selected by Engineerfrom manufacturer’s full line of colors.



	2. Exterior:
	a. SDI Grade III, Model 4, seamless.
	1) Insulated minimum R10.
	2) Face sheet 0.125 IN thickness.
	3) Meets minimum 2015 IECC air leakage requirements.
	a) Provide labeling on door/frame indicating conformance or letter from manufacturer certifying compliance.
	b) Products rated in accordance with NRFC.



	3. Interior (except fire rated):
	a. SDI Grade II, Model 4, seamless with Balsa core.


	C. Frames:
	1. General:
	a. Frame size to be 2 IN x 5-3/4 IN with equal rabbets on each side.
	b. One (1) piece or if shipped knocked down, all joints shall be filled with fiberglass compound, ground and sanded smooth and finished with gel coat.
	c. Minimum thickness:  0.1875 IN.
	d. Resin:  Polyester or vinyl ester as required to meet chemical resistance requirements.
	e. Fiberglass content (by weight):  Minimum 30 PCT, maximum 40 PCT.
	f. UV stabilized.

	2. FRP frames:
	a. Corner reinforcement:  Minimum 4 x 4 x 0.25 IN FRP angle attached to top reinforcing bar with concealed stainless steel screws.
	b. Hinge reinforcement:  Minimum 0.25 IN thick polymer plate attached to frame.
	c. Minimum 0.25 IN thick polymer plate reinforcement bonded and mechanically fastened to frame for strikes, closers and surface-mounted hardware.


	D. Prepare for finish hardware in accordance with hardware schedule, templates provided by hardware supplier, and DHI/ANSI A115.1.
	1. Locate finish hardware in accordance with SDI.
	2. See Specification Section 08 70 00 for hardware.



	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install doors and frames, in accordance with SDI, IECC requirements, and manufacturer's instructions.
	1. Manufacturer's instructions take precedent over SDI.

	B. Place frames prior to construction of enclosing walls and ceilings.
	C. Plumb, align, and brace securely until permanently anchored.
	D. After completion of walls, remove temporary braces and spreaders.
	E. Use plastic plugs to keep silencer holes clear during construction.
	F. Immediately after erection, repair damaged areas of gel coat.
	1. Fill corner miter joints with fiberglass compound as recommended by frame manufacturer.
	a. Filling miter joints with sealant is not acceptable.

	2. Sand filled area to match adjacent frame and coat with minimum 15 MIL gel coating to match adjacent frame finish.

	G. On doors not requiring weatherstripping, sound seals or smoke seals, install three (3) silencers on strike jamb of single door frame and two (2) on head of double door frame.
	1. See Specification Section 08 70 00.

	H. Number and location of anchors shall be in accordance with frame manufacturer's recommendation with minimum of three (3) anchors per jamb.
	I. Protect frames during construction.
	J. Cover all thru bolts and other stainless steel accessories with minimum 15 MIL gel coating to match door frame.

	3.2 FIELD QUALITY CONTROL
	A. Provide for services of manufacturer's authorized representative to be present during and observe the installation of the first three (3) doors and frames.
	1. If project has less than three (3) doors and frames, manufacturer's authorized representative shall be present for installation of all doors and frames.
	2. Manufacturer's representative shall instruct installer on proper methods for installing doors and frames in each type of wall construction, repairing damaged gel coating, repairing scratches in finish and filling and finishing all joints.



	ACCESS DOORS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Ceiling access doors.
	2. Floor access doors.
	3. Wall access doors.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 09 91 00 - Painting and Protective Coatings.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Association of State Highway and Transportation Officials (AASHTO).
	2. ASTM International (ASTM):
	a. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
	b. A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
	c. A240, Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications.
	d. A480, Standard Specification for General Requirements for Flat-Rolled Stainless and Heat-Resisting Steel Plate, Sheet, and Strip.
	e. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.
	f. A666, Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar.
	g. B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate.
	h. B221,Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes.



	1.3 DEFINITIONS
	A. Clear Opening Size:  Space within the opening having no obstructions.  Furnish model that will provide the minimum clear opening indicated.
	B. Standard Duty:  Will support live load of 150 PSF.
	C. Heavy Duty:  Will support live load of 300 PSF.  Unless noted otherwise, all floor and vault access doors shall be heavy duty.
	D. H-20 loading:  As defined in AASHTO Guidelines.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.


	B. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Floor access doors:
	a. Bilco Company.
	b. Babcock Davis Associates.
	c. Dur-Red Products.
	d. Halliday Products.
	e. USF Fabrication Inc.

	2. Ceiling access doors:
	a. Bilco Company.
	b. J.L.  Industries.
	c. Milcor.
	d. Dur-Red Products.
	e. Larsens Manufacturing Co.

	3. Wall access doors:
	a. J.L.  Industries.
	b. Milcor.
	c. Larsens Manufacturing Co.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Aluminum:
	1. Sheet and Plate:  ASTM B209.
	2. Extruded shapes:  ASTM B221.

	B. Steel:
	1. Sheet Metal:  G90 Galvanized, ASTM A653.
	2. Fabrications:  Hot-Dip Galvanized, ASTM A123.
	3. Hardware:  Hot-Dip Galvanized, ASTM A153.

	C. Stainless Steel:  ASTM A240 or A666.

	2.3 MANUFACTURED UNITS
	A. General:
	1. All access doors shall be provided by the same manufacturer when possible.
	2. Coat all aluminum components in contact with concrete or masonry with manufacturer's standard bituminous coating.

	B. Floor Access Doors:
	1. Frame:  1/4 IN mill finish aluminum channel with anchor tabs.
	a. 1-1/2 IN DIA drain coupling.

	2. Cover:
	a. 1/4 IN mill finished diamond plate aluminum.
	b. Reinforce cover with aluminum stiffeners.
	1) Live load:  300 PSF.
	2) Deflection:  Maximum 1/150 of span.


	3. Hardware:
	a. All hardware to be stainless steel.
	b. Positive hold open arm that engages automatically when door reaches full 90 degree open position.
	c. Slam lock and removable key handle.

	4. Bilco Company, Type "J-AL" or "JD-AL."
	a. Size(s):  Refer to Drawings for size requirements.
	b. Drain Routing: Unless noted otherwise, drain vertically into vault interior.
	c. Refer to Drawings for locations where secondary fall rptoection system is required.

	5. Provide access dors with HS-20 load rating where indicated on the Drawings.

	C. Wall and Ceiling Access Doors:
	1. Prime painted galvanized steel.
	2. Door and Frame:  14 GA.
	3. Hinges:  Continuous, concealed.
	4. Provide flush, screwdriver-operated locks with metal cam.
	5. J L.  Industries "TM" Series.
	6. Size(s):  Refer to Drawings for size requirements.


	2.4 ACCESSORIES
	A. Secondary Fall Protection System:
	1. Design and install system such that when in the open position, no part of the system obstructs the clear opening size listed on the Drawings.
	2. Platform:  Design grating to meet OSHA 29 CFR 1910.23 requirements for protection for floor openings.
	3. Finish:
	a. Powder coated.
	b. Color:  Safety Orange or Safety Yellow.

	4. Hardware:
	a. Stainless steel Type 316.
	b. Tamper proof Type 316 stainless steel bolts.

	5. Provide positive latch to hold grating in upright position.
	6. Size:  Allow 6 IN clear space on each unhinged side for visual observation.
	7. Provide padlock hasp for Owner provided padlock.
	8. Double leaf openings:
	a. Provide two (2) individual grating platforms hinged on the same side of the hatch frame but independent from one another.
	1) Provide each platform with a padlock hasp and positive latch to hold grating in upright position.


	9. Install secondary fall protection system at the factory.

	B. Load Rating Plates:
	1. Minimum 18 GA Type 316 stainless steel, ASTM A666.
	2. Engraved with maximum design live load allowed for unit on which it will be mounted.
	3. Display load in English units as well as metric units.
	4. Size as required for text as needed.
	5. Text:
	a. Font:  Helvetica Narrow, all caps.
	b. Size:  1/4 IN height.
	c. Depth of engraving:  3 MILS.

	6. Finish:
	a. Text:
	1) Black epoxy baked on paint.
	2) Plate to have finish conductive to paint application.

	b. Coat entire plate with baked on clear coat on front and back side.

	7. Attach to top of all floor or vault access doors using stainless steel screws in location determined by manufacturer.
	a. Provide a neoprene gasket under the plate to separate the stainless steel from the aluminum cover or frame.




	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.


	ROLLING COUNTER SHUTTER
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Rolling counter shutter.

	B. Related Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 08 70 00 - Finish Hardware.
	4. Section 09 91 10 – Architectural Painting.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. A240, Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications.
	b. A924, Standard Specification for General Requirements for Steel Sheet, Metallic-Coated by the Hot-Dip Process.


	B. Qualifications:
	1. Installer shall be licensed or approved in writing by shutter manufacturer.


	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.


	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Schedule of shutters using same reference number for openings indicated on Drawings.


	B. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.


	C. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Certification of installer.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Rolling counter shutter:
	a. The Cookson Company.
	b. Cornell Iron Works.
	c. Wayne Dalton.
	d. Overhead Door.
	e. Raynor.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Curtain:  Galvanized steel.
	B. Guides:  Galvanized Steel.
	C. Hood:  Galvanized steel.
	D. Fasteners:  Same material as shutter construction.

	2.3 FABRICATION
	A. General:
	1. Wind load:  20 psf minimum.
	2. Mounting:  Face of wall.
	3. Operation:  Push-up.

	B. Curtain:
	1. Nominal 1-1/4 IN high, flat face with end locks.
	2. 22 GA galvanized steel, A60 or G60, ASTM A924 with factory-applied baked-on prime coat with factory applied baked-on polyester finish coat.
	3. Extruded aluminum tubular bottom bar.
	4. Color/Finish:  To be selected from manufacturer’s standard and premium colors.
	5. Core:  Insulated.

	C. Guides:
	1. Galvanized steel, A60 or G60, ASTM A924 with manufacturer's factory-applied baked-on prime paint.
	2. Wool pile lined for quiet operation.

	D. Hood:
	1. 24 GA galvanized steel, A60 or G60, ASTM A924 with manufacturer's factory-applied baked-on prime paint.

	E. All Trim Pieces:  Material and finish to match curtain.
	F. Counterbalance Assembly:
	1. Oil tempered, 100,000 cycle, helical steel torsion springs with 25 PCT safety factor fixed to tapered cast anchors housed on steel pipe with 0.03 IN maximum deflection per foot of span.

	G. Locking:  Slide Bolt.


	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Installation:  By factory-authorized installer.
	C. Provide all required trim seals closures, etc., for complete installation.
	D. Adjust torsion springs for proper counterbalancing.
	E. Seal along bottom of vertical track (guides), seal the vertical joint between the two (2) separate track angles (if not filled by welding) and seal all holes in vertical track not being used for fasteners to provide a completely sealed tight track ...


	STEEL ROLLING OVERHEAD DOORS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Steel rolling overhead doors.
	2. Motor Operators.
	3. Control Systems.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE):
	a. 90.1, Energy Standard for Buildings Except Low-Rise Residential Buildings.

	2. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless.
	c. A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
	d. A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
	e. A307, Standard Specification for Carbon Steel Bolts, Studs, and Threaded Rod 60 000 PSI Tensile Strength.
	f. A500, Standard Specification for Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Rounds and Shapes.
	g. A501, Standard Specification for Hot-Formed Welded and Seamless Carbon Steel Structural Tubing.
	h. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.
	i. E90, Standard Test Method for Laboratory Measurement of Airborne Sound Transmission Loss of Building Partitions and Elements.
	j. E283, Standard Test Method for Determining the Rate of Air Leakage Through Exterior Windows, Curtain Walls, and Doors Under Specified Pressure Differences Across the Specimen.
	k. F3125, Standard Specification for High Strength Structural Bolts, Steel and Alloy Steel, Heat Treated, 120 ksi (830 MPa) and 150 ksi (1040 MPa) Minimum Tensile Strength, Inch and Metric Dimensions.

	3. International Energy Conservation Code (IECC) 2015 Edition.
	4. National Electrical Manufacturers Association (NEMA):
	a. 250, Enclosures for Electrical Equipment (1000 Volts Maximum).

	5. Underwriters Laboratories, Inc. (UL):
	a. 325, UL Standard for Safety Door, Drapery, Gate, Louver, and Window Operators and Systems.


	B. Qualifications:
	1. Installer to be licensed or approved in writing by door manufacturer.


	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.


	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Manufacturer's standard color charts.

	3. Schedule of doors using same reference number for openings as indicated on Drawings.
	4. Motor operator and accessories technical data including complete wiring and control diagrams.
	5. Certifications:
	a. Certification of installer qualifications.


	B. Samples:
	1. Actual metal color samples of manufacturer's full line of colors available.

	C. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.


	D. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Steel rolling overhead doors:
	a. The Cookson Company.
	b. Cornell Iron Works.
	c. Wayne Dalton.
	d. Overhead Door Corp.
	e. Raynor.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 PERFORMANCE AND DESIGN REQUIREMENTS
	A. Wind Load:  See Structural Drawings.
	B. Air Infiltration:
	1. Meet ASHRAE 90.1 and IECC 2015 C402.5.2.
	2. Air leakage:  <1.00 CFM/SF.

	C. Thermal performance:
	1. NFRC test report:  U-factor:  0.91.

	D. Sound Rating:
	1. ASTM E90.
	2. Minimum assembly rating:  STC-21.


	2.3 MATERIALS
	A. Steel:
	1. Hot dipped galvanized:
	a. Fasteners:  ASTM A153.
	b. All other components:  ASTM A123.

	2. Bars, shapes, and plate:  ASTM A36.
	3. Pipe:  ASTM A53 or A501.
	4. Tubing:  ASTM A500.
	5. Bolts and nuts:  ASTM A307 or F3125.

	B. Insulation:
	1. Closed cell polyurethane foam.
	2. CFC free.
	3. R-Value:  Minimum R-4.75.

	C. Weatherproofing:
	1. Resilient:  Neoprene or vinyl.
	2. Brush type:  Nylon or polypropylene.

	D. Fasteners:  Same material as door construction.

	2.4 Manufactured units
	A. Door Curtain:
	1. Insulated flat profile:
	a. Overhead Door Corp. "625 Series".
	b. 2-5/8 IN high.
	c. Interlocking face sheets:
	1) Exterior face:  0.040 IN.
	2) Interior face:  0.024 IN.

	d. Galvanized endlocks.
	e. Core:  Insulated.

	2. Bottom bar:
	a. Two structural angles bolted back-to-back.
	1) Minimum 1/8 IN thick.



	B. Operation:
	1. Motor operated with integral chain hoist backup.

	C. Guides:
	1. Manufacturer's standard structural angle guide system for size of door specified.
	a. Galvanized Steel.
	b. Furnish curtain wind locks as necessary for design wind load..

	2. Mounting:
	a. Interior face of wall.

	3. Cold-rolled guides are not acceptable.

	D. Headplates:
	1. Sized to support counterbalance assembly, curtain, motor operator and hood.
	a. Field verify headroom and side clearances and coordinate motor operator mounting accordingly.


	E. Counterbalance Assembly:
	1. Pipe barrel:
	a. Galvanized Steel.
	b. Maximum deflection:  0.03 IN/FT.

	2. Torsion springs:
	a. Oil-tempered helical torsion springs on cast anchors.
	b. 100,000 cycle.

	3. Adjustable tension wheel.

	F. Hood:
	1. Minimum 24 GA.
	2. Air baffle extending full length.

	G. Weatherstripping:
	1. Guide tracks:  Exterior and interior weatherseal.
	2. Lintel:  Brush-type weatherseal.
	3. Bottom seal:
	a. Manually-operated doors:  Resilient weather seal.
	b. Motor-operated doors:  Electric safety edge.


	H. Finish:
	1. Powder coat:
	a. Factory prime and finish coats.
	b. Prime coat:  Minimum 0.2 MIL baked-on prime paint.
	c. Finish coat:  Minimum 0.6 MIL baked-on polyester powder coat.
	d. Color:  To be selected by Engineer from manufacturer's complete offering.

	2. Trim Pieces:  Material and finish to match door curtain.


	2.5 ACCESSORIES
	A. Motor Operator:
	1. Minimum 1/2 HP with integral brake.
	a. Single or 3 PH, 60 Hz, designed for the supply voltage shown on the Drawings.
	b. Motor shall be sized by door manufacturer for door size indicated on Drawings.

	2. Opening/Closing rate:  Between 2/3 and 1 FPS.
	3. See Specification Section 26 05 09 for additional motor requirements.
	a. Provide manufacturer's standard reversing controller with motor thermal protection if motor is not internally protected as specified in Specification Section 26 05 09.

	4. Provide enclosures with the required rating per NEMA 250 to meet classifications identified in the Contract Documents.
	5. Provide integral backup chain hoist and release with integrated interlock.
	a. Provide chain keeper for each hoist.

	6. Control System:
	a. General:
	1) Control system shall be hard wired to the operator power supply or a DC power transformer.
	a) Battery powered control stations or receivers are not acceptable.

	2) Provide complete wiring connections from control system to motor operator including all intermediate junction boxes, conduit, disconnects, and wiring.
	a) Wireless control stations or entrapment protection components are not acceptable.


	b. Manual control station:
	1) Interior controls:  Surface mounted.
	a) Pushbutton operation:  Open, Close, Stop.


	c. Entrapment protection:
	1) Comply with UL 325.
	a) Instant reversing.
	b) When activated shall prevent operator from closing an open door.

	2) Electric safety edge:
	a) Contact-type sensor installed on leading edge of the door.
	b) When activated shall prevent operator from closing an open door.
	c) Safety edge on exterior doors shall act as a weatherseal.






	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions and IECC requirements.
	B. Installation shall be done by manufacturer's authorized representative.
	C. Provide all required trim, weatherstripping, closures etc., for complete weather tight installation.
	D. Adjust for proper counter balance.
	E. Seal along bottom of vertical track (guides), seal the vertical joint between the two (2) separate track angles (if not filled by welding) and seal all holes in vertical track (not being used for fasteners) to provide a completely weather tight tra...
	1. At fastener locations provide steel washers under bolt head to completely cover the slotted holes in the vertical track.
	a. Finish of steel washer shall match finish of track (guides).


	F. Electrical disconnect and conduit and wiring from standard three (3) pushbutton control to motor operator is provided in the Electrical Design.
	G. Provide bracing for motor operator to eliminate vibration.

	3.2 ADJUSTMENT
	A. Prior to occupancy, adjust door for smooth operation.


	STOREFRONT
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Thermally broken storefront.
	2. Entrance doors and hardware.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 07 92 00 - Joint Sealants.
	4. Section 08 70 00 - Finish Hardware.
	5. Section 08 81 00 - Glass and Glazing.
	6. Section 09 91 10 – Architectural Painting


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Aluminum Association (AA):
	a. DAF 45, Designation System for Aluminum Finishes.

	2. American Architectural Manufacturers Association (AAMA):
	a. 1503, Voluntary Test Method for Thermal Transmittance and Condensation Resistance of Windows, Doors and Glazed Wall Sections.

	3. American Society of Civil Engineers (ASCE):
	a. 7, Minimum Design Loads for Buildings and Other Structures.

	4. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.
	b. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.
	c. B221, Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes.
	d. C1363, Standard Test Method for the Thermal Performance of Building Assemblies by Means of a Hot Box Apparatus.
	e. E283, Standard Test Method for Determining the Rate of Air Leakage Through Exterior Windows, Curtain Walls, and Doors Under Specified Pressure Differences Across the Specimen.
	f. E330, Standard Test Method for Structural Performance of Exterior Windows, Doors, Skylights, and Curtain Walls by Uniform Static Air Pressure Difference.
	g. E331, Standard Test Method for Water Penetration of Exterior Windows, Skylights, Doors, and Curtain Walls by Uniform Static Air Pressure Difference.

	5. American Welding Society (AWS):
	a. D1.2, Structural Welding Code - Aluminum.

	6. International Energy Conservation Code (IECC), 2015 edition including all amendments.
	7. National Fenestration Rating Council (NFRC).

	B. Qualifications:
	1. Qualify welders and welding process in accordance with AWS D1.2.


	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	B. All weather:  Capable of operation from -50 to +120 DEGF.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data for framing system and major accessories specific to this Project:
	a. Entrance door.
	b. All hardware for doors specified in this Specification Section shall be provided under Specification Section 08 70 00 unless noted otherwise.
	c. Acknowledgement that products submitted meet requirements of standards referenced.
	d. Manufacturer's installation instructions.

	3. Computer generated elevation drawings indicating all frame and door dimensions and details specific to this Project.
	4. Warranty.
	5. Test reports.

	B. Samples:
	1. Metal samples showing range of anodizing finish specified for Engineer's approval.
	2. After approval of color samples, provide three (3) 2 x 3 IN samples of color and finish approved.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Store units in vertical position off ground with wood spacers between each unit.
	1. Store in accordance with manufacturer's instructions.


	1.6 WARRANTY
	A. Written warranty signed jointly by fabricator, installer, and Contractor, agreeing to repair or replace any items of work performed under this Specification Section which fail.
	1. Failure includes defects in materials, installation, workmanship, water tightness of assembly, sealant, glazing or any other defects in storefront system which affects its ability to perform as weathertight envelope.
	2. Warranty period is five (5) years from date of acceptance.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Storefront system:
	a. Kawneer Co., Inc.
	b. United States Aluminum.
	c. Vista Wall.
	d. YKK-AP America.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Storefront:  Aluminum, ASTM B221, 6063-T5.
	B. Doors:  Aluminum, ASTM B221, 6063-T5.
	C. Thermal Barrier:  Extruded copolymer.
	D. Fasteners:  Stainless steel.
	E. Sealants:  See Specification Section 07 92 00.
	F. Brackets, Anchors, Reinforcements:  Aluminum or stainless steel.

	2.3 ACCESSORIES
	A. Doors:
	1. Types as indicated on Drawings.
	2. Factory glazed.
	3. Finish to match storefront.

	B. Hardware:
	1. Hardware specified is based on Kawneer unless noted otherwise.
	2. All hardware to be 630 or 626 finish.
	3. Equip doors with following hardware:
	a. Interior single door (Double door similar):
	1) Butts:
	a) Manufacturer's heavy duty stainless steel, full mortise, ball bearing type with non-removable pin.
	b) Size:  Minimum 4-1/2 x 4 IN.

	2) Closer:  See Specification Section 08 70 00.
	3) Push:  "Style F2 IN (doors without exit device).
	4) Pull:  "Style F2 IN (doors without exit device).
	5) Threshold:  See Specification Section 08 70 00.
	6) Weatherstripping:
	a) See Specification Section 08 70 00.
	b) Storefront manufacturer's standard brush type or pile type weatherstripping is not acceptable.

	7) Cylinder:  See Specification Section 08 70 00.
	8) Flush bolts:  Manufacturer's standard stainless steel automatic bolts top and bottom.
	9) Exit device:  Paneline II concealed rod device.
	10) Pull:  "Style G3 IN (doors with exit device).

	b. Exterior single door (Double door similar):
	1) Butts:
	a) Manufacturer's heavy duty stainless steel, full mortise, ball bearing type with non-removable pin.
	b) Size:  Minimum 4-1/2 x 4 IN.

	2) Closer:  See Specification Section 08 70 00.
	3) Push:  "Style F2 IN (doors without exit device).
	4) Pull:  "Style F2 IN (doors without exit device).
	5) Push:  Not required for doors with exit device.
	6) Pull:  "Style G3 IN (doors with exit device).
	7) Exit device:  Paneline II concealed rod device.
	8) Threshold:  Manufacturer's standard 1/2 x 4 IN aluminum.
	9) Weatherstripping:
	a) See Specification Section 08 70 00.
	b) Storefront manufacturer's standard brush type or pile type weatherstripping is not acceptable.

	10) Flush bolts:  Manufacturer's standard stainless steel automatic bolts top and bottom.
	11) Cylinder:  See Specification Section 08 70 00.



	C. Glass:
	1. ASCE 7.
	2. See Specification Section 08 81 00.

	D. Flashing:
	1. Minimum 0.040 IN aluminum.
	2. Finish to match storefront if exposed.
	3. Mill finish if concealed.

	E. Sealant:  See Specification Section 07 92 00 and manufacturer's recommendations.
	F. Fasteners:
	1. Structural fasteners anchoring framing to building structure:  Stainless steel.
	2. Exposed fasteners attaching system framing or components to other system framing or components.
	a. Aluminum:  Finish to match finish of system.

	3. Provide Phillips head screws where exposed.


	2.4 FABRICATION
	A. General:
	1. Fully degrease and clean members prior to assembly or application of protective coatings.
	2. Weld using methods recommended by manufacturer and AWS to avoid discoloration.
	3. Grind exposed welds smooth and restore finish.
	4. Ease corners of cut edges to a radius of approximately 1/64 IN.
	5. Conceal fasteners wherever possible.
	6. Fit and assemble work at shop to maximum extent possible.
	7. Maintain true continuity of line and accurate relation of planes and angles.
	8. Provide secure attachment and support at mechanical joint, with hairline fit of contacting members.
	9. Reinforce work as necessary to withstand wind loadings and to support system.
	10. Separate dissimilar metal with bituminous paint or preformed separators to prevent corrosion.
	11. Separate metal surfaces at moving joints with plastic inserts or other nonabrasive concealed inserts to permanently prevent freeze-up of joint.
	12. Prepare and reinforce frames for hardware.
	a. Refer to Specification Section 08 70 00 for hardware not specified in this Specification Section.

	13. Frames to be structurally reinforced as required by frame manufacturer.
	a. Reinforcement:
	1) Structural steel, ASTM A36, hot-dip galvanized after fabrication, ASTM A653, G90.
	2) Provide dissimilar metals protection; see Specification Section 09 91 10.
	3) All structural reinforcement sizes shall be determined by the frame manufacturer.


	14. Minimum wall thickness of 0.07 IN for all frame components.

	B. Storefront:
	1. Nominal 1-3/4 x 4-1/2 IN minimum section with sightline maximum of 2 IN.
	a. Depth of system as required for loading criteria indicated on structural drawings.
	b. Depth of system may be different between thermally broken and non-thermally broken frames but is to be consistent on entire Project for each of the individual systems.

	2. Complete extruded aluminum framing system:
	a. Thermally broken system:
	1) Basis of Design:  Kawneer VG451T.
	2) Provide thermally broken system on all openings in the building exterior wall and where specified on the interior for borrowed lite systems.


	3. Include all sills, mullions, anchors, division bars, and flashing.
	4. Use no through metal connectors in thermally broken systems.
	5. Fabricate thermally broken system to accept 1 IN insulating glass.
	a. See Specification Section 08 81 00.

	6. Provide complete system under single responsibility.

	C. Doors:
	1. ASTM B221, aluminum.
	2. Top rail:  3-1/2 IN.
	3. Side rails:  3-1/2 IN.
	4. Bottom rail:  10 IN.
	5. Minimum thickness of door components shall be 0.125 IN.
	6. Single acting, full mortise butt hinge operation.
	7. Prepare and reinforce door for hardware specified.
	8. Basis of Design:  Kawneer Series 350.

	D. Sealants:
	1. Refer to Specification Section 07 92 00.
	2. Provide sealant color to match finish of system at exposed locations.
	3. Provide sealants compatible with aluminum system and recommended for use with this type of installation.

	E. Finishes:
	1. Architectural Class 1 coating per AA DAF 45.
	a. Anodized:  AA-M12C22A41, clear or AA-M12C22A42/44, medium bronze.  Final selection to be determined.



	2.5 SOURCE QUALITY CONTROL
	A. General Test Requirements:
	1. Utilize independent testing laboratories specifically qualified to conduct all performance tests required.
	2. Performance tests may be conducted in manufacturer's laboratories provided they are witnessed and certified by qualified independent testing laboratory personnel.
	3. Provide certification that proposed system has been tested in accordance with and meets the requirements of the standards identified in this Specification Section.
	4. Test air infiltration first, water resistance second.
	a. Other tests may be in any order.


	B. Air Infiltration Tests (Doors):
	1. Test in accord with ASTM E283.
	2. Air infiltration:  0.50 CUFTM/LF of perimeter crack of fixed wall area when tested at 1.567 PSF pressure differential.
	3. Meet minimum IECC requirements.

	C. Air Infiltration Tests (Storefront Framing):
	1. Test in accordance with ASTM E283.
	2. Air infiltration:  0.06 CUFTM/SF of wall area when tested at a static air pressure differential of 6.24 PSF.

	D. Water Resistance Test:
	1. Test in accordance with ASTM E331.
	2. No leakage allowed at a minimum static air pressure differential of 8 PSF.

	E. Uniform Load Test:
	1. Uniform load:
	a. A static air design load of 20 PSF shall be applied in the positive and negative direction in accordance with ASTM E330.
	b. There shall be no deflection in excess of L/240 of the span of any framing member.
	c. At a structural test load equal to 1.5 times the specified design load, no glass breakage shall occur and no permanent set in the framing members in excess of 0.2 PCT of their clear spans shall occur.


	F. Thermal Tests:
	1. Perform all thermal tests on unit sized as required to produce representative areas of framing, vision glass, and spandrel glass.
	2. Provide test unit which reflects most restrictive situation on project (e.g., worst framing, glass, spandrel proportions for producing desired thermal results).
	3. Test in accordance with AAMA 1503.
	4. Thermal transmittance of insulated glass and framing areas:  Average U-value of 0.65 BTUH/SF/DegF, maximum.
	5. Condensation resistance test:
	a. Determine in accordance with ASTM C1363 and AAMA 1503.
	b. Provide condensation resistance factor (CRF) not less than 50.




	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Verify suitability of substrate to accept installation.
	1. Correct defects.

	B. Install products in accordance with manufacturer's instructions and IECC requirements.
	C. Set units plumb, level and true to line.
	D. Anchor securely in place.
	E. Separate metal surfaces from sources of corrosion or electrolytic action.
	F. Set sill and base members in a bed of sealant.
	G. Provide joint fillers or gaskets for weathertight construction.
	H. Seal all joints within and at perimeter of system.
	1. Do not seal joints intended to allow the framing system to drain.

	I. Install flashing where shown on Drawings and/or where required.

	3.2 CLEANING
	A. Clean all excess sealant, compounds, metal shavings, dirt, fingerprints, and any other foreign material from frame surface promptly after installation.


	ALUMINUM WINDOWS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Aluminum windows.

	B. Related Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 07 92 00 - Joint Sealants.
	4. Section 08 81 00 - Glass and Glazing.
	5. Section 09 91 10 - Architectural Painting.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Aluminum Association (AA):
	a. DAF 45, Designation System for Aluminum Finishes.

	2. American Architectural Manufacturers Association (AAMA):
	a. 904, Voluntary Specification for Multi-Bar Hinges in Window Applications
	b. 1503, Voluntary Test Method for Thermal Transmittance and Condensation Resistance of Windows, Doors and Glazed Wall Sections.
	c. 2605, Voluntary Specification, Performance Requirements and Test Procedures for Superior Performing Organic Coatings on Aluminum Extrusions and Panels.

	3. ASTM International (ASTM):
	a. A924, Standard Specification for General Requirements for Steel Sheet, Metallic-Coated by the Hot-Dip Process.
	b. C1363, Standard Test Method for the Thermal Performance of Building Assemblies by Means of a Hot Box Apparatus.
	c. E283, Standard Test Method for Determining the Rate of Air Leakage Through Exterior Windows, Curtain Walls, and Doors Under Specified Pressure Differences Across the Specimen.
	d. E330, Standard Test Method for Structural Performance of Exterior Windows, Doors, Skylights, and Curtain Walls by Uniform Static Air Pressure Difference.
	e. E331, Standard Test Method for Water Penetration of Exterior Windows, Skylights, Doors, and Curtain Walls by Uniform Static Air Pressure Difference.

	4. American Welding Society (AWS):
	a. D1.2, Structural Welding Code - Aluminum.

	5. International Energy Conservation Code (IECC), 2015 Edition including all amendments.
	6. National Fenestation Rating Council (NFRC).


	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.


	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data for framing system and major accessories including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Hardware being provided by window manufacturer.
	c. Glass being provided by window manufacturer in factory glazed units.
	d. Manufacturer's installation instructions.

	3. Elevation drawings indicating window dimensions and details.
	4. Color charts showing range of colors of anodized units for Engineer's color selection.
	5. Manufacturer's full line color chart for painted finishes including exotic colors for selection by Engineer.

	B. Samples:
	1. After initial color selection, provide 2 x 3 IN minimum sample of each color and finish selected.

	C. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Qualifications of testing laboratory.
	3. Test results.
	4. Warranty.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Store units in vertical position off ground with wood spacers between each unit.

	1.6 WARRANTY
	A. Five (5) year warranty of weathertightness of installation.
	1. Air and water integrity and structural adequacy of units and hardware, including sealants and sealing within and around perimeter of installation.
	2. Signed jointly by fabricator, installer, and contractor.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Thermally broken windows:
	a. Wausau Metals Corp., 2250-T Series.
	b. Kawneer Company Inc., 8225-T Series.
	c. EFCO Windows, Series 510.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Extruded Aluminum:  6063T5 alloy.
	B. Sealants:  As specified in Section 07 92 00.
	C. Thermal Insulator:  Poured in place polyurethane, self-adhering to adjacent aluminum surfaces.
	D. Weatherstripping:  Sponge neoprene.

	2.3 ACCESSORIES
	A. Flashing:
	1. Minimum 0.040 IN aluminum.
	2. Finish to match window frames.
	3. Mill finish if concealed.


	2.4 FABRICATION
	A. General:
	1. Fully degrease and clean members prior to assembly or application of protective coatings.
	2. Weld by methods recommended by manufacturer and AWS D1.2 to avoid discoloration at welds.
	3. Grind exposed welds smooth and restore finish.
	4. Ease corners of cut edges to a radius of approximately 1/64 IN.
	5. Conceal fasteners wherever possible.
	6. Fit and assemble work at shop to maximum extent possible.
	7. Maintain true continuity of line and accurate relation of planes and angles.
	8. Provide secure attachment and support at mechanical joint, with hairline fit of contacting members.
	9. Reinforce work as necessary to withstand wind loadings and to support system.
	10. Separate dissimilar metal with paint or preformed separators to prevent corrosion.
	a. See Section 09 91 10.

	11. Separate metal surfaces at moving joints with plastic inserts or other nonabrasive concealed inserts to permanently prevent freeze-up of joint.
	12. Reinforce frames for hardware.
	13. Structural steel reinforcement hot-dip galvanized after fabrication meeting G-90, ASTM A924, requirements.

	B. Thermal Insulator:  Provide minimum 1/4 IN separation between exterior and interior metal surfaces after bridge is removed.
	C. Weatherstripping:
	1. Thermally broken type windows:
	a. Fixed Glass sized for Insulated Glass Units (IGUs):
	1) Provide corners which are securely staked and joined.
	2) Provide units which are easily replaceable.



	D. Fasteners:
	1. Finish exposed fasteners to match finish of system.
	2. Provide Phillips flat head screws where exposed.

	E. Finish:
	1. Anodized:  AA-MA10C22A41, clear or AA-MA10C22A42, medium bronze.
	2. Final selection to be determined.


	2.5 SOURCE QUALITY CONTROL
	A. General Test Requirements:
	1. Utilize independent testing laboratories specifically qualified to conduct all performance tests required.
	2. Performance tests may be conducted in manufacturer's laboratories provided they are witnessed and certified by qualified independent testing laboratory personnel.
	3. Perform all tests on "Test Unit":
	a. Full-sized window unit for project or a minimum 5 x 8 FT unit mounted in test chamber in exact accordance with job conditions including anchorage system, sealing, etc.
	b. Test unit to be completely assembled and glazed.
	1) Thermal tests may be conducted on 4 x 6 FT unit.


	4. Test air infiltration first, water resistance second.
	a. Other tests may be in any order.

	5. Test data on vertical pivot windows will be accepted for fixed windows for condensation resistance, thermal, temperature exposure and acoustical tests provided the fixed windows are the same as the vertical windows tested in the following respects:
	a. Same frame section (or same family of extrusions).
	b. Same basic metal mass inside and outside.
	c. Identical thermal break.
	d. Same type of glazing.


	B. Test Requirements:
	1. Air infiltration test:
	a. With sash and ventilators closed and locked, test in accordance with ASTM E283.
	b. Air infiltration, in CFM/FT of crack length, at pressure differential of 6.24 PSF as follows:
	1) Fixed windows:  0.06 maximum, all others 0.10 maximum.

	c. Meet minimum IECC requirements.

	2. Water resistance test:
	a. Mount glazed unit in its vertical position, continuously supported around outside perimeter with sash and ventilators closed and locked.
	b. Test in accordance with ASTM E331.
	c. No uncontrolled leakage allowed, with pressure differential of 6.24 PSF.

	3. Uniform load deflection test:
	a. Test in accordance with ASTM E330.
	b. Subject unit to load of 25 PSF applied to outside of window and 25 PSF applied to inside of window.
	c. Maximum allowable deflection of any unsupported span:  L/175.
	d. No glass breakage, permanent damage to fasteners, hardware parts, support arms or activating mechanisms, or any other damage which would cause window to be inoperable will be allowed.

	4. Uniform load structural test:
	a. Test in accord with ASTM E330.
	b. Subject unit to loads indicated below.
	c. Stabilize pressure and maintain it for minimum period of 10 seconds.
	d. No glass breakage, permanent damage to fasteners, hardware parts, support arms or activating mechanisms or any other damage which would cause window to be inoperable will be allowed.
	e. Maximum permanent deformation of any main frame, sash or ventilator member:  0.4 PCT of its span.
	f. After performing Uniform Load Structural Test, increase loads 1-1/2 times and perform safety test.
	g. Design unit to withstand following design pressures acting normal to plane of wall, at applicable heights and locations.
	1) Design for component and cladding loads shown on the Structural Drawings.


	5. Condensation resistance test:
	a. Perform on "test unit," except size may be 3 x 4 FT, minimum.
	b. Test in accordance with AAMA 1503.
	c. CRF (Condensation Resistance Factor):  50, minimum.

	6. Thermal test:
	a. Perform on "test unit" except size may be 4 x 6 FT, minimum..
	b. Test in guarded hot box ASTM C1363, with an exterior temperature of 18 DEGF, an interior of 68 DEGF and 15 MPH fan-generated wind velocity on exterior.
	c. "U" value:  not to exceed 0.65 BTU/HR/SF/DegF.
	d. Calculated "U" values from smaller units or data or theoretical assumptions will not be acceptable.

	7. Structural thermal barrier tension test:
	a. Test urethane filled sections of aluminum.
	b. Mechanically secure interior and exterior faces of 12 IN section in horizontal position.
	c. Apply heat tape to exterior face to control surface temperature at 180 DEGF 5 minutes before loading, as indicated by a thermocouple wire operated by an automatic controller.
	d. Apply direct tension (pull) using a Universal testing machine set in 12,000 LB load range.
	e. Test results:  No loss of bond at 4000 LB IN/IN/MIN.

	8. Structural thermal barrier shear test:
	a. Test urethane filled sections of aluminum.
	b. Mechanically secure interior face of 12 IN section in vertical position.
	c. Apply heat tape to exterior face to control surface temperature at 180 DEGF 5 minutes before loading, as indicated by a thermocouple wire operated by an automatic controller.
	d. Apply load to exterior face by a bearing plate resting on top of exterior face, using Universal Testing machine set in 12,000 LB load range at a strain rate of 0.050 IN/IN/MIN.
	e. Test results:  No loss of bond at 5500 LB loading.

	9. Structural thermal barrier combined torsion and shear test:
	a. Test urethane filled sections of aluminum.
	b. Secure interior face of 12 IN section in horizontal position.
	c. Apply heat tape to exterior face to control surface temperature at 180 DEGF 5 minutes before loading, as indicated by a thermocouple wire operated by an automatic controller.
	d. Apply load to bearing plate centered on portion of glazing pocket to exterior side of thermal barrier, using a Universal Testing machine set in the 12,000 LB load range.
	e. Test results:  No loss of bond at 3900 LB load applied at strain rate of 0.05 IN/IN/MIN.




	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions and IECC requirements.
	B. Set units plumb, level, and true to line.
	C. Anchor securely in place.
	D. Separate metal surfaces from sources of corrosion or electrolytic action.
	1. See Section 09 91 10.

	E. Set sill and base members in a bed of sealant.
	F. Provide joint fillers or gaskets for weathertight construction.
	G. Seal all joints within and at perimeter of system.
	H. Provide sealant color to match finish of system at exposed locations.
	I. Provide sealants compatible with aluminum system and recommended for use with this type of installation.
	J. See Section 07 92 00 for sealants.

	3.2 FIELD QUALITY CONTROL
	A. Installation supervised or inspected by manufacturer's authorized representative.


	FINISH HARDWARE
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Finish hardware.
	2. Inspection and testing of door operation.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 08 11 00 - Metal Doors and Frames.
	4. Section 08 14 23 - Plastic Faced Wood Doors.
	5. Section 08 15 00 - Fiberglass Reinforced Plastic (FRP) Doors and Frames.
	6. Section 08 41 10 - Storefront.


	1.2 QUALITY ASSURANCE
	A. All door hardware shall be provided by a single hardware supplier.
	1. Hardware is to be provided under this Specification Section, unless noted otherwise, for doors specified in:
	a. Specification Section 08 41 10.


	B. Referenced Standards:
	1. Americans with Disabilities Act (ADA):
	a. Accessibility Guidelines for Buildings and Facilities (ADAAG).

	2. American National Standards Institute/Builders Hardware Manufacturers Association (ANSI/BHMA):
	a. A156.1, Butts and Hinges.
	b. A156.3, Exit Devices.
	c. A156.4, Door Controls -Closers.
	d. A156.6, Architectural Door Trim.
	e. A156.8, Door Controls - Overhead Stops and Holders.
	f. A156.13, Mortise Locks and Latches Series 1000.
	g. A156.16, Auxiliary Hardware.
	h. A156.18, Materials and Finishes.
	i. A156.21, Thresholds.

	3. American National Standards Institute/Steel Door Institute (ANSI/SDI).
	a. A250.8, Specifications for Standard Steel Doors and Frames (SDI-100).

	4. Door and Hardware Institute (DHI).
	5. National Fire Protection Association (NFPA):
	a. 80, Standard for Fire Doors and Other Opening Protectives.
	b. 101, Life Safety Code.

	6. Underwriters Laboratories, Inc. (UL):
	a. Building Materials Directory.

	7. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2018 Edition including all amendments, referred to herein as Building Code.
	2) International Energy Conservation Council (IECC) 2015 Edition including all amendments.



	C. Qualifications:
	1. Installation shall be inspected by a certified Architectural Hardware Consultant (AHC).


	1.3 DEFINITIONS
	A. AHC:  Architectural Hardware Consultant, certified by DHI.
	B. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	C. All weather:  Capable of operation from -50 to +120 DEGF.
	D. Active Leaf:  Right-hand leaf when facing door from keyed side unless noted otherwise on Drawings.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Qualifications
	a. AHC qualifications.

	3. Certification from AHC stating:
	a. All door hardware has been reviewed by AHC and verified to be compatible with doors and frames.
	b. All electrified door hardware has been reviewed by AHC and has been coordinated with power supply and access control system.
	c. No submittals will be reviewed until Engineer has received AHC certification.

	4. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.

	5. Schedule of all hardware being used on each door.
	a. Number hardware sets and door references same as those indicated on Drawings.

	6. Technical data sheets on each hardware item proposed for use.
	7. Warranty information for all hardware devices having extended warranties.

	B. Informational Submittals:
	1. Certifications:
	a. Certification from AHC stating all door hardware has been provided per approved Shop Drawings, has been installed in accordance with manufacturer's recommended installation instructions and all doors have been inspected and tested and found to be  ...
	1) Door assemblies required to swing in the direction of egress have been inspected and tested in accordance with NFPA 101.
	2) Fire-rated door assemblies have been inspected and tested in accordance with NFPA 80.




	1.5 WARRANTY
	A. Provide all individual manufacturers' extended warranties as advertised.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Hinges:
	a. Hager Hinge Co.
	b. McKinney Manufacturing Co.
	c. Stanley Works.

	2. Locksets and latchsets:
	a. Best Access Systems.
	b. Corbin/Russwin.

	3. Exit devices:
	a. Corbin/Russwin.
	b. Precision.
	c. Sargent.
	d. Von Duprin, Inc.

	4. Closers:
	a. Corbin/Russwin.
	b. LCN.
	c. Norton.

	5. Door stops and holders:
	a. Trimco.
	b. Rockwood.
	c. Ives.

	6. Overhead stops:
	a. Glynn-Johnson Corp.
	b. Rockwood.
	c. Trimco.
	d. Rixson.

	7. Weatherstripping and thresholds:
	a. Pemko Manufacturing Co.
	b. Reese Enterprises, Inc.
	c. Zero Weatherstripping, Inc.
	d. National Guard Products, Inc.

	8. Door bolts, coordinators and strikes:
	a. Ives.
	b. Trimco.
	c. Hager.
	d. Rockwood.
	e. Dorma.

	9. Exit devices:
	a. Von Durpin, Inc.
	b. Corbin/Russwin.
	c. Precision.
	d. Sargent.

	10. Other materials:  As noted.
	11. Access controls (card reader, electric strikes, etc.):  Refer to Specification Section 28 15 00.

	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. General:  As indicated in the FABRICATION Article in PART 2 of this Specification Section.
	B. Fasteners:  Stainless steel or aluminum.
	C. Closers:
	1. Standard closer:
	a. Shell:  Aluminum or cast iron.
	b. Arms and piston:  Forged steel.

	2. Corrosion resistant closer:
	a. Body:  Aluminum.
	b. All other components and fasteners:  Stainless steel.
	c. Closer arm bushing:  Bronze.


	D. Kickplates:
	1. Stainless steel.

	E. Thresholds:  Aluminum.
	F. Overhead Stops and Wall Stops:  Stainless steel or aluminum.
	G. Keys:  Brass or bronze.
	H. Weatherstripping and Smoke Seals:  Polypropylene, neoprene, or EPDM.
	I. Pulls and Push Plates:  Stainless steel.
	J. Silencers:  Rubber.

	2.3 COMPONENTS
	A. Hinges:
	1. Butt hinges:
	a. ANSI/BHMA A156.1.
	1) A5111:  Stainless steel, full-mortise, anti-friction bearing, Grade 1.

	b. Ball bearing.
	c. Flat button tips.
	d. Butt hinges:
	1) Hager BB1199.
	2) McKinney T4B3386.

	e. Hinge size:
	1) Doors up to and including 46 IN wide:  4.5 IN x 4.5 IN.
	2) Doors over 46 IN up to and including 60 IN wide:  5 IN high x 4.5 IN.



	B. Mortise Locks and Latches:
	1. ANSI/BHMA A156.13, Series 1000, Operational Grade 1, Security Grade 1.
	a. Meet requirements of ADA.

	2. Antifriction two-piece mechanical latchbolt with stainless steel anti-friction insert.
	a. One-piece stainless steel deadbolt, minimum 1-1/4 IN x 9/ 16 IN thick with 1 IN throw.
	b. 2-3/4 IN backset.
	c. Cylinder:  Brass, 6 pin, with interchangeable core.

	3. Locking, latching and retracting mechanism and lock case:
	a. Steel, unless noted otherwise.
	1) Chrome or zinc dichromate plated.


	4. Trim design:  Corbin/Russwin "NSP".
	a. Functions as indicated in following table in accordance with ANSI/BHMA A156.13.

	5. Electrified Hardware:
	a. Refer to specification 28 15 00 for Access Control System hardware components.
	b. All electric lock hardware to be 24 VDC.
	c. Provide construction cores for all lockset devices.
	1) Lost ball type construction keying is also acceptable.



	C. Exit Devices:
	1. ANSI/BHMA A156.3, Grade 1.
	2. Single doors:  Mortise.
	3. Pairs of doors:  Concealed vertical rods.
	4. Trim:  Sargent “ET”.
	a. Lever operation.
	b. Lever style:  Sargent "L".

	5. Sargent "80 Series".
	a. Function as indicated on Hardware Schedule.


	D. Bolts:
	1. ANSI/BHMAA 156.16.
	2. Surface bolts:  Rockwood 580 Series with top and bottom strikes.

	E. Door Pulls, Push Plates and Bars:
	1. ANSI/BHMA A156.6.
	2. Push plate:  4 x 16 IN, square corner, flat plate, with beveled edges.
	3. Push bar:  Round.
	4. Push/Pull set:
	a. 4 IN x 16 IN square corner flat plate with beveled edges and 3/4 IN DIA x 12 IN long pull.
	b. Provide 2-1/2 IN clearance.


	F. Provide cutouts as required for cylinders.
	G. Door Closers:
	1. ANSI/BHMA A156.4, Grade 1.
	2. Size door closers to comply with ANSI recommendations for door size and location.
	3. Fabricate all closers with integral back check.
	4. Provide integral stop unless noted otherwise.
	a. Do not provide integral stop at closers indicated to be installed on pull side of door.
	b. Provide all weather fluid for all closers used in exterior doors.

	5. Full cover.
	a. Manufacturer's standard plastic cover.

	6. Arms, brackets, and plates:  As required for complete installation.
	7. Closers:
	a. LCN 4040 Series or Norton 7500 Series or Corbin-Russwin DC6200 Series.
	b. Corrosion resistant:  Norton 7500 SS Series.

	8. Provide manufacturer's standard 10 year warranty.

	H. Door Stops:
	1. ANSI/BHMA A156.16.
	a. Wall stops:  Ives WS406-CVX or WS406-CCV.
	b. Floor stop and holder:  Ives FS446.
	c. Wall stop and holder:  Ives WS445.


	I. Overhead Door Holders/Stop:
	1. ANSI/BHMA A156.8.
	2. Provide 'hold-open' function on all stops unless noted otherwise.
	a. Do not provide ‘hold-open’ function at fire rated doors.

	3. Surface mounted stops:  Rockwood N14400 Series or Glynn Johnson 90 Series.
	4. Concealed stops:  Rockwood N11000 Series or Glynn Johnson 100 Series.

	J. Kickplates:
	1. ANSI/BHMA A156.6.
	2. 8 IN high x 2 IN less than door width.
	3. Beveled on all edges.
	1. Thickness:
	a. Stainless steel:  0.050 IN.


	K. Thresholds:
	1. ANSI/BHMA A156.21.
	2. One-piece unit.
	3. Height:  1/2 IN high maximum.
	a. Meet requirements of ADA.

	4. Width:  4 IN.
	5. Provide required bolt cutouts.

	L. Astragal:  UL listed for labeled doors.
	M. Weatherstripping:
	1. General:  Exterior envelope locations meet minimum 2015 IECC air leakage requirements.
	2. Weather seal at jambs and head:
	a. Self-adhesive strip:  Reese #797.
	b. Color:  Black.

	3. Sweep at bottom of doors:
	a. Reese 701.
	b. Color:  Clear anodized.

	4. Weather seal astragal at meeting edges of pairs of doors:
	a. Reese 92 each leaf.
	b. Color:  Clear anodized.


	N. Automatic Door Bottom:
	1. Provide end caps for semi-mortised and surface mounted units.
	2. 3/4 IN drop, neoprene gasket:  Reese #521.
	3. 3/4 IN drop, vinyl, accordion type:  Reese #371A.

	O. Sound Seals:
	1. Self-adhesive strip:  Reese #797.
	2. Color:  Black.

	P. Smoke Seals:
	1. Self-adhesive strip:  Reese #797.
	2. Color:  Black.
	3. UL listed.


	2.4 ACCESSORIES
	A. Silencers:
	1. Stainless steel frames:  Trimco 1229A or Rockwood 608.
	2. Self-adhesive silencers are not acceptable.

	B. Keying:
	1. Establish keying with Owner.  Coordinate with Owner’s existing keying.
	a. Provide and set up complete visible card indexed system with key tags and control slips.
	b. Tag and identify keys.
	c. Provide two (2) keys for each lock or cylinder.
	d. Master key and key in groups as directed.
	e. Provide construction master keys for all exterior doors.


	C. Strikes:
	1. Curved lips.
	a. Extended lips when required.

	2. Furnish strike boxes.
	3. Appropriate for function and hardware listed.


	2.5 FABRICATION
	A. General:
	1. Generally prepare for Phillips head machine screw installation.
	2. Exposed screws to match hardware finish or, if exposed in surfaces of other work, to match finish of other work as closely as possible.
	3. Provide concealed fasteners unless thru bolted.
	4. Through bolt closers on all doors.
	5. Furnish items of hardware for proper door swing.
	6. Furnish lock devices which allow door to be opened from inside room without a key or any special knowledge.

	B. Hardware:
	1. Fabricate hardware for fire rated openings in compliance with UL and NFPA 80.
	a. This requirement takes precedence over other requirements for such hardware.
	b. Provide only hardware which has been tested and listed by UL for types and sizes of doors.

	2. Provide following ANSI/BHMA A156.18 finishes:
	a. Locksets, latchsets and strikes:  630.
	b. Door pulls, push bars, push plates:  630.
	c. Kickplates:
	1) Stainless steel:  630.

	d. Exit devices:  630 where available; 626 if 630 is not available.
	1) Provide 630 finish on trim.

	e. Butt hinges:  630.
	f. Door stops, dead locks, mortise bolts, and miscellaneous hardware:  630 where available, 626 if 630 not available.
	g. Door overhead stops:  630.
	h. Closers:  600 prime coat with 689 finish coat, unless noted otherwise.




	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's installation instructions.
	1. Perform installation by or under the direct supervision of an AHC.
	2. Coordinate all access control hardware with appropriate installers and door manufacturers.

	B. Provide all hardware in accordance with Building Code and IECC.
	C. Fit hardware before final door finishing.
	D. Permanently install hardware after door finishing operations are complete.
	E.  Locate hardware in accordance with ANSI/SDI A250.8.
	F. Butt Hinges:
	1. Provide non-removable pin (NRP) at:
	a. Exterior doors.
	b. Reverse handed doors equipped with locks.

	2. Quantities:
	a. Door height 61 - 90 IN:  Three (3).
	b. Door height 91 - 114 IN:  Four (4).
	c. Door height 115 - 144 IN:  Five (5).
	d. Doors over 48 IN wide and over 96 IN high:
	1) Provide top butt hinge within 6 IN of the top of the door to top of hinge.
	2) Provide one (1) additional butt hinge approximately 6 IN below the bottom of the top butt hinge.


	3. Provide power transfer as necessary where electrified lockset or exit device is specified or as otherwise indicated in Hardware Schedule.

	G. Closers:
	1. Mount closers on push side of doors unless noted otherwise.

	H. Provide coordinator when required by hardware specified.
	I. Overhead Stops:
	1. Provide overhead stop when corrosion resistant closer is specified.
	2. Provide concealed overhead stop on doors scheduled to receive closer mounted on pull side of door.
	3. Provide at interior doors not scheduled to receive a closer as follows:
	a. Doors that swing more than 105 DEG without encountering a wall or obstruction.
	1) Stop shall limit swing of door from impacting wall or obstruction.

	b. Inactive leafs of pairs of doors.


	J. Wall Mount Door Stops:
	1. Provide where specifically indicated on Hardware Schedule and at doors not otherwise indicated to receive:
	a. Overhead stop.
	b. Closer with integral stop.


	K. Floor mounted stops are not acceptable unless noted otherwise in this Specification Section.
	L. Install astragal on all pairs of UL labeled fire doors.
	M. Provide silencers for door frames.
	1. Hollow metal frames:  See Specification Section 08 11 00.
	2. FRP frames:  See Specification Section 08 15 00.

	N. Provide weather seal, door sweep and threshold at all exterior doors and where scheduled on interior doors.
	1. Set thresholds in a full bed of sealant.
	2. Mount door sweeps on exterior face of door.
	3. Mount weather seal astragal at meeting edges of pairs of doors on the exterior face of the doors.

	O. Provide smoke seals on all fire rated doors.
	P. Mount kickplates on push side of doors.

	3.2 FIELD QUALITY CONTROL
	A. Adjust and check each operating item of hardware to assure proper operation or function.
	1. Lubricate moving parts with lubricant recommended by manufacturer.

	B. During week prior to startup, make a final check and adjustment of all hardware items.
	1. Clean and lubricate as necessary to assure proper function and operation.
	2. Adjust door control devices to compensate for operation of heating and ventilating equipment.

	C. Inspection and Testing:
	1. AHC shall inspect and test all door assemblies and provide written certification that door assemblies are in proper working order.
	a. Door assemblies required to swing in the direction of egress shall be inspected and tested in accordance with NFPA 101.
	b. Fire-rated door assemblies shall be inspected and tested in accordance with NFPA 80.

	2. Submit documentation and certification of testing in accordance with the certifications paragraph in the SUBMITTALS Article in PART 1 of this Specification Section.


	3.3 SCHEDULES
	A. Hardware Schedule:


	GLASS AND GLAZING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Glass and glazing.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 07 92 00 - Joint Sealants.
	4. Section 08 11 00 - Hollow Metal Doors and Frames.
	5. Section 08 15 00 - Fiberglass Reinforced Plastic (FRP) Doors and Frames.
	6. Section 08 41 10 - Storefront.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American National Standards Institute (ANSI):
	a. Z97.1, Glazing Materials Used in Buildings - Safety Performance Specifications and Methods of Test.

	2. ASTM International (ASTM):
	a. C864, Standard Specification for Dense Elastomeric Compression Seal Gaskets, Setting Blocks, and Spacers.
	b. C1036, Standard Specification for Flat Glass.
	c. C1048, Standard Specification for Heat-Treated Flat Glass-Kind HS, Kind FT Coated and Uncoated Glass.
	d. C1376, Standard Specification for Pyrolytic and Vacuum Deposition Coatings on Flat Glass.
	e. E119, Standard Test Methods for Fire Tests of Building Construction and Materials.
	f. E2190, Standard Specification for Insulating Glass Unit Performance and Evaluation.

	3. Code of Federal Regulations (CFR):
	a. Title 16 - Commercial Practices, Chapter ii - Consumer Product Safety Commission (CPSC), Subchapter B - Consumer Product Safety Act Regulations:
	1) 16 CFR 1201, Safety Standard for Architectural Glazing Materials.


	4. Glass Association of North America (GANA):
	a. Glazing Manual.

	5. Insulating Glass Certification Council (IGCC).
	6. Insulating Glass Manufacturers Alliance (IGMA):
	a. TM-3000, North American Glazing Guidelines for Sealed Insulating Glass Units for Commercial and Residential Use.

	7. National Fire Protection Association (NFPA).
	a. 80, Standard for Fire Doors and Other Opening Protectives.
	b. 251, Standard Methods of Tests of Fire Resistance of Building Construction and Materials.
	c. 252, Standard Methods of Fire Tests of Door Assemblies.
	d. 257, Standard on Fire Test for Window and Glass Block Assemblies.

	8. Underwriters Laboratories, Inc. (UL):
	a. 9, Standard for Fire Tests of Window Assemblies.
	b. 10B, Standard for Fire Tests of Door Assemblies.
	c. 263, Standard for Fire Tests of Building Construction and Materials.

	9. Building code:
	a. International Code Council (ICC):
	1) International Building Code and associated standards, 2018 Edition including all amendments, referred to herein as Building Code.
	2) International Energy Conservation Code (IECC), 2015 Edition including all amendments.




	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	B. Safety Glazing:  Glazing meeting the requirements of the Building Code and CPSC 16 CFR 1201.
	C. Other terms as identified in CSPC 16 CFR 1201.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Certification that glass has been tested and approved for use in fire resistance rated doors or walls.
	1) Copies of all test criteria.


	3. Certification that insulating glass units meet requirements of IGCC and are certified by IGCC to ASTM E2190.

	B. Samples:
	1. Two (2) 12 x 12 IN sample of each type, color, and thickness specified.
	a. Samples are not required for clear monolithic glass.


	C. Informational Submittals:
	1. Warranty.


	1.5 WARRANTY
	A. Provide manufacturer's written 10 year warranty to cover deterioration of glass, glass units, coatings and ceramic frit.
	1. Insulating glass units shall be warranted against failure of hermetic seal resulting in fogging or film formation on the interior glass surfaces.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Glass:
	a. Guardian Industries Corp.
	b. Insulite Glass Co.
	c. Pilkington.
	d. Vitro Architectural Glass (formerly PPG Glass).
	e. Viracon.

	2. Gaskets, glazing compounds, setting blocks, spacers, sealant, sealant tape, etc., as recommended by glass manufacturer, glass unit fabricator.
	a. Provide materials as required by NFPA for use in fire-rated units.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. General:
	1. ASTM C1036.
	a. Clear glass:  Type I, Class 1, Quality Q3.
	b. Tinted glass:  Type I, Class 2, Quality Q3.

	2. Thickness:  1/4 IN, unless noted otherwise.
	3. Exterior envelope glazing:
	a. Meet maximum IECC U-Factor and SHGC requirements for building envelope fenestration as indicated in Table C402.4 of the IECC.


	B. Heat Strengthened and Fully Tempered Glass:  ASTM C1048.
	1. Safety glazing:  Kind FT.
	a. Meet requirements of ANSI Z97.1 and CSPC 16 CFR 1201.

	2. Condition:
	a. Clear and/or tinted vision glass:  Condition A and/or Condition C.
	b. Tinted vision glass:  Condition C.
	1) ASTM C1376, Kind CV or CO.




	2.3 MANUFACTURED UNITS
	A. Insulating Glass Units:
	1. ASTM E2190, Class A.
	2. Two (2) lites of glass separated by a hermetically sealed air space.
	a. Spacer:  Stainless steel "warm edge" spacer.
	1) Thickness:  1/2 IN.
	2) Color:  Black.

	b. Perimeter Sealant:  Silicone.
	1) Color:  Black.



	B. Laminated Safety Glass:
	1. ASTM C1172, Type II.
	a. Meet requirements of ANSI Z97.1 and CSPC 16 CFR 1201.

	2. Interlayer :  Clear plastic manufactured specifically for use in laminated glass.
	a. Enhanced Polyvinyl Butyral (EPVB):  0.100 IN thick.
	1) Viracon "StormGuard".




	2.4 ACCESSORIES
	A. Glazing Compounds:
	1. Non-sag, non-stain type.
	2. Pigmented to match frame units not requiring painting.
	3. Compatible with adjacent surfaces.
	4. One- or two-part polyurethane or silicone sealant for use in setting glass.
	a. Provide glazing compounds which will not be affected by chemicals stored in rooms where glazing compounds are used.


	B. Sealant Tape:  Butyl rubber sealant tape or ribbon having a continuous neoprene shim.
	C. Gaskets:
	1. Flexible polyvinyl chloride or neoprene.
	a. ASTM C864.
	b. Provide gaskets which will not be affected by chemicals stored in rooms where gaskets are used.

	2. Extruded of profile and hardness required to receive glass and provide a watertight installation.
	3. Provide gaskets in accordance with NFPA in fire resistance rated glazing.

	D. Setting Blocks and Spacers:
	1. Neoprene or EPDM, compatible with sealants used.
	a. ASTM C864.


	E. Compressible Filler Stock:  Closed cell polyethylene or polyethylene jacketed polyurethane foam.
	F. Shims, Clips, Screws and Other Miscellaneous Items:  As required by condition.


	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install in accordance with recommendations of manufacturer, GANA Glazing Manual and IGMA TM-3000.
	B. Install setting blocks in adhesive or sealant.
	C. Install spacers inside and out, of proper size and spacing, for all glass sizes larger than 50 united inches, except where gaskets are used for glazing.
	D. Provide 1/8 IN minimum bite of spacers on glass.
	E. Spacer thickness to equal sealant width.
	F. Prevent sealant exudation from glazing channels of insulating glass which is more than 1/2 IN thick; colored, heat absorbing, coated or laminated glass sizes larger than 75 united inches; and other glass more than 9/32 IN thick or larger than 125 u...
	1. Leave void at heel (or install filler) at jambs and head.
	2. Do not leave void (or install filler) at sill.

	G. Miter cut and bond gasket ends together at corners.
	H. Immediately after installation, attach crossed streamers to framing held away from glass.
	I. Use polysulfide-based glazing sealants in window assembly and as perimeter sealant around frames in areas which may be exposed to chlorine gas or chlorine liquid splash or spillage.
	1. See Specification Section 07 92 00 for sealants.

	J. Install fire resistance rated glass in accordance with manufacturer's recommendations and in accordance with applicable fire testing criteria.

	3.2 FIELD QUALITY CONTROL
	A. Do not install glass with edge damage.
	B. Do not apply anything to surfaces of glass.
	C. Remove and replace damaged glass.

	3.3 CLEANING
	A. Maintain glass reasonably clean during construction, so that it will not be damaged by corrosive action and will not contribute to deterioration of other materials.
	B. Wash and polish glass on both faces not more than seven (7) days prior to acceptance of work in each area.
	1. Comply with glass manufacturer's recommendations.


	3.4 SCHEDULES
	A. General:
	1. Provide safety glazing for all applications where required by the Building Code and CPSC 16 CFR 1201.
	2. Provide heat strengthened glazing for all general use applications where safety glazing is not required.

	B. Glass Type 1:  Clear Monolithic Glass.
	C. Glass Type 4:  Insulating Units.
	1. Exterior lite:  1/4 IN clear.
	2. 1/2 IN dehydrated air space.
	3. Interior lite:  1/4 IN clear.
	4. Performance Requirements:
	a. Transmittance:
	1) Visible light:  76 PCT.

	b. U-Value
	1) Winter:  0.47.
	2) Summer:  0.49.

	c. Solar Heat Gain Coefficient (SHGC):  0.70.


	D. Glass Type 11:  Insulated Impact Resistent Low-E Tempered/Laminated Glass Units.
	1. Meet ASTM 1996, Windzone 3 for window glazing system assembly requirements.
	2. Exterior lite:  Minimum 1/4 IN tempered with Solarban 70XL on #2 surface.
	a. Color:  Solarbronze

	3. 1/2 IN argon filled air space.
	4. Interior lite:  Laminated Glass.
	a. Exterior ply:  Minimum 1/4 IN clear.
	b. Interlayer:  See MANUFACTURED UNITS Article in PART 2.
	c. Interior ply:  Minimum 1/4 IN clear.

	5. Performance Requirements:
	a. Transmittance:
	1) Visible light:  40 percent.

	b. Reflectance:
	1) Exterior:  7 percent.
	2) Interior:  12 percent.

	c. U-Value
	1) Winter:  0.28.
	2) Summer:  0.24.

	d. Solar Heat Gain Coefficient (SHGC):  0.21.




	LOUVERS AND VENTS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Louvers and vents.

	B. Related Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 07 62 00 - Flashing and Sheet Metal.
	4. Section 07 92 00 - Joint Sealants.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Aluminum Association (AA):
	a. DAF 45, Designation System for Aluminum Finishes.

	2. Air Movement and Control Association (AMCA).
	3. ASTM International (ASTM):
	a. B221, Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes.



	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Drawing showing location of each louver or vent, indicating size and arrangement of blank-off plates if required.
	3. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Color chart showing manufacturer's full line of colors including exotic and special colors for color selection by Engineer.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Louvers:
	a. Airolite Co.
	b. Construction Specialties, Inc.
	c. Ruskin Manufacturing.
	d. Industrial Louvers, Inc.
	e. American Warming.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MANUFACTURED UNITS
	A. Louvers:
	1. Equal to Ruskin ELC6375DXD.
	2. Drainable with blades at 37-1/2 DEG.
	3. Continuous blade appearance.
	4. Minimum free area:  44%.
	5. Maximum pressure drop:  0.08 IN of water at 700 FPM.
	6. Water penetration:  0.01 OZ/SF at 1,250 FPM.
	7. AMCA 540 and AMCA 550 Certified.
	8. Insect screen:
	a. 18-16 mesh aluminum.
	b. Install in standard aluminum frame.


	B. Anchors, Fasteners, Reinforcing:  Aluminum or stainless steel.
	C. Finish:
	1. Architectural Class 1 coating per AA DAF 45.
	a. AA-M12C22A42 medium bronze anodized or AA-M10C22A41 clear.
	b. Final selection to be determined.


	D. Size:  Refer to Mechanical Drawings for louver size, and refer to Architectural Drawings for louver shapes.


	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Install anchoring and bracing accessories as required.
	C. Seal around perimeter on exterior and interior.
	1. See Section 07 92 00.

	D. Install 0.040 IN aluminum flashing at sill to match louver.
	1. See Section 07 62 00.



	NON-STRUCTURAL METAL FRAMING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Furnish labor, materials, tools, equipment, and services for Non-Structural Metal Framing in accordance with provisions of Contract Documents.
	B. Completely coordinate with work of other trades.

	1.2 QUALITY ASSURANCE
	A. Manufacturer Qualifications:
	1. Member of Certified Steel Stud Association (CSSA), Steel Stud Manufacturers Association (SSMA) or Steel Framing Industry Association (SFIA).

	B. ASTM International (ASTM):
	1. ASTM C645 Standard Specification for Nonstructural Steel Framing Members.
	2. ASTM A653 Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process
	3. ASTM C754 Standard Specification for Installation of Steel Framing Members to Receive Screw-Attached Gypsum Panel Products.
	4. ASTM A1003 Standard Specification for Steel Sheet, Carbon, Metallic and Nonmetallic-Coated for Cold-Formed Framing Members.

	C. Provide studs and accessories of type tested and listed for construction indicated.
	D. Gypsum Association (GA):
	1. GA-216 Application and Finishing of Gypsum Panel Products.
	2. GA-234 Control Joints for Fire-Resistance Rated Systems.


	1.3 SUBMITTALS
	A. Product Data:
	1. Provide copies of manufacturer’s specifications and installation instructions for each type of material and accessory required.
	a. Where fire resistance classification is indicated, submit copies of nationally recognized testing laboratory listings of products proposed for use.
	b. Include data required to show specification compliance.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Non-Structural Metal Framing:
	1. Base:
	a. Telling Industries

	2. Optional:
	a. CEMCO Steel Framing and Metal Lath
	b. ClarkDietrich Building Systems
	c. Custom Stud Inc.
	d. Marino/WARE
	e. MBA Metal Framing
	f. MRI Steel Framing LLC.
	g. The Steel Network


	B. Isolation Strip Material:
	1. Base:
	a. Reflectix, Inc.

	2. Optional:
	a. Saint-Gobain


	C. Knee Wall Brace:
	1. Base:
	a. Pittcon Industries


	D. Interlocking Grid Support Systems for Gypsum Board Ceilings:
	1. Base:
	a. USG Corporation

	2. Optional:
	a. Armstrong
	b. Chicago Metallic


	E. Other manufacturers desiring approval comply with Section 01 25 13.
	F. Products proposed for use in fire-rated assemblies:
	1. Approved by nationally recognized testing laboratory.


	2.2 DESIGN CRITERIA
	A. Select steel studs in accordance with manufacturer's standard load tables and following design pressures and maximum deflections:

	2.3 MATERIALS
	A. Metal Studs and Floor Tracks:
	1. C-shaped, roll-formed studs and tracks conforming to ASTM C645.
	2. Galvanized:  G40.
	3. Stud and track depths:  As indicated by wall partition type.
	4. Minimum flange width:  1-1/4 IN.
	5. Minimum thickness:  30 MIL (20 GA), except as follows:
	a. Increase member thickness to comply with performance criteria.
	b. Jambs of openings:  Two 30 MIL (20 GA) studs or single engineered jamb stud equivalent to double-stud assembly.

	6. Provide diagonal braces above ceiling to reduce overall span as required for wall assemblies.
	a. Coordinate locations with building services items.
	b. Do not employ studs with member thickness less than allowed by fire resistance rated assemblies.

	7. High strength 50KSI studs shall comply with design criteria of equivalent thickness standard 33KSI studs listed.
	8. Base products:
	a. Drywall Framing System by Telling Industries.

	9. Optional products, high strength steel:
	a. Viper Stud by Telling Industries.


	B. Head of Wall Accessories:
	1. Configure to accommodate deflection of superstructure without inducing axial loading on partition wall.
	2. Maintain structural integrity, fire and smoke-resistance, and sound control as required by each wall.
	3. Slotted top deflection track:
	a. Deep leg, vertically slotted track.
	b. Cold-formed sheet steel; galvanized; G60.
	c. Thickness:  30 MIL (20 GA) minimum.
	d. Width:  As required for studs sizes indicated.
	e. Depth:  Minimum 2-1/2 IN down-standing legs with 1/4 IN wide by 1-1/2 IN high slots spaced 1 IN on center.

	4. Z-bars, cold formed channels and clips:
	a. Accommodate thickness of spray-applied fire-resistive materials.

	5. UL-listed fire resistant components tested for compliance with requirements indicated.
	6. Firestopping Materials:
	a. Sealants, sprays, intumescent strips and forming materials.
	b. Coordinate with sealants specified in Section 07 84 00 and Section 07 92 00.
	c. Intumescent applications:
	1) Factory or field applied.



	C. Furring Channels:
	1. Hat shaped sections.
	2. Galvanized:  G40.
	3. Sizes:  7/8 IN and 1-1/2 IN, as indicated.
	4. Minimum Thickness:  30 MIL (20 GA); Use heavier gauge as dictated by conditions.
	5. Base product:  DWFC by Telling Industries.

	D.  2-1/2 IN, if needed.Accessory Items:
	1. Wire Ties:
	a. Minimum thickness:  43 MIL (18 GA) soft annealed, galvanized.

	2. Track Fasteners:
	a. Power driven type, to withstand minimum 190 LBS shear when driven.

	3. Closure:
	a. Continuous 30 MIL (20 GA) galvanized closure angle to receive vapor retarder and vapor retarder tape.

	4. Metal Blocking:
	a. C-shaped modified track runners.
	b. G40 galvanized.
	c. Backing height:  6 IN minimum.
	d. Flange width:  1-1/4 IN minimum.
	e. Thickness:  30 MIL (20 GA) minimum.

	5. Backing - Flat Plate:
	a. Flat, sheet metal stock per ASTM A1008.
	b. G40 galvanized.
	c. Thickness:  50 MIL (18 GA) minimum.

	6. Knee Wall Brace:
	a. Steel tube and baseplate bolted to concrete floor slab with tube projecting vertically; concealed within framed walls to provide structural stability for knee walls.
	b. Design components compatible with wall type.
	c. Material:  Cold-rolled steel tube and base plate, fully welded.
	d. Overall height:  Wall height less 2 IN.
	e. Spacing as recommended by manufacturer.
	f. Base product:  SKB by Pittcon Industries.


	E. Support Systems for Gypsum Ceilings:
	1. Interlocking Grid Systems:
	a. ASTM C635, direct-hung system composed of T-Shaped framing members designed to carry load of screw-applied gypsum ceiling board.
	b. Tabs on Cross-Tees to interlock into slots in Main Runners where intersections occur.
	c. Base Product:  Drywall Suspension System by USG Corporation.

	2. Track and Channel Systems:
	a. ASTM C645 roll-formed steel with G40 galvanized coating.
	b. Thickness:  30 MIL (20 GA) minimum; Use heavier gauge as dictated by conditions.
	c. Carrying channels:
	1) Size:  1-1/2 IN.

	d. Furring channels:
	1) Sizes:  7/8 IN and 1-1/2 IN, as indicated.


	3. Stud-Framed Ceiling/Soffit Systems:
	a. C-shaped studs or joists; roll-formed.
	b. Galvanized:  G40.
	c. Frame member depth:  3-5/8 IN minimum, unless otherwise indicated.
	1) Use wider stud sections if ceiling span and support requires.

	d. Flange width:  1-1/4 IN minimum.
	e. Stud thickness:  33 MIL minimum.

	4. Tie Wire:
	a. ASTM A641, Class 1 zinc coating, soft temper.
	b. Diameter, single-strand:  62 mils (14 GA) minimum.
	c. Diameter, double-strand:  42 mils (18 GA) minimum.

	5. Wire Hangers:
	a. ASTM A641, Class 1 zinc coating, soft temper.
	b. Diameter:  97 mils (12 GA) minimum.

	6. Anchors in Concrete:
	a. Anchors of type and material indicated below, with holes or loops for attaching hangers of type indicated and with capability to sustain, without failure, a load equal to 5 times that imposed by ceiling construction, as determined by testing per AS...
	b. Acceptable types:  Cast-in-place, post-installed expansion anchors and post-installed bonded anchors.
	c. Material:  Carbon-steel components zinc plated to comply with ASTM-B633, Class Fe/Zn 5 for Class SC 1 service condition.

	7. Powder-Actuated Fasteners in Concrete:
	a. Fastener system of type suitable for application indicated, fabricated from corrosion-resistant materials, with clips or other accessory devices for attaching hangers of type indicated, and with capability to sustain, without failure, a load equal ...
	b. Comply with seismic design requirements where applicable.

	8. Other items including suspension wire, tie wire, attachment devices:  As specified and indicated.



	Part 3 - EXECUTION
	3.1 INSPECTION
	A. Examine supporting structure and conditions under which system will be installed.
	B. Correct conditions detrimental to proper installation.
	C. Installation constitutes acceptance of responsibility for performance.

	3.2 INSTALLATION - GENERAL
	A. Layout and install metal framing accurate to dimensions indicated in drawings.
	B. Installation Standard:  ASTM C754, except comply with framing sizes and spacing indicated.
	1. Gypsum Board Assemblies:  Comply with additional requirements in ASTM C840 relative to framing installation.

	C. Install supplementary framing, and blocking to support fixtures, equipment services, heavy trim, grab bars, toilet accessories, furnishings, or similar construction.
	D. Install bracing at terminations in assemblies.
	E. Do not bridge building control and expansion joints with non-load-bearing steel framing members.  Frame both sides of joints independently.
	F. Where studs are installed directly against exterior masonry walls or dissimilar metals at exterior walls, install isolation strip between studs and exterior wall.
	G. Extend framing full height to structural supports.
	1.  Exception:  Where partitions are indicated to terminate at, or just above, suspended ceilings.
	2. Continue framing around ducts and similar items which penetrate partitions.

	H. Position studs vertically engaging floor track and head of wall deflection track.
	1. Align stud knockouts to facilitate running of wires and conduit.

	I. Space studs maximum 16 IN on center.
	J. Provide additional studs at corners, partition intersections and terminations of partitions, and at each side of control joints.
	K. Positively anchor studs to floor tracks with self-tapping pan head screws, or stud clinching tool per ASTM C754.
	L. Anchor studs to deflection track with wafer head screws on both flanges of each stud.
	1. Maintain deflection gap between top of stud and top of slotted track.
	2. Install screws at centerline of slot and secure allowing vertical movement.

	M. Anchor fire rated partitions as required by fire resistance design, and firestopping design.
	N. Where partitions abut vertical structural elements, provide perimeter relief per Gypsum Association GA-600 Strain Relief System details.
	O. Head-of-Wall:
	1. Provide slotted top track for walls extended to structure.
	2. Configure to resist lateral loads while accommodating deflection of overhead building superstructure without inducing axial loading on partition framing.
	3. Secure deflection track to structure in accordance with industry standards and regulatory requirements.
	4. Secure at corners and at ends.
	5. Cut vertical studs 5/8 IN short to create a deflection gap when installed into top track.
	a. Secure vertical studs to top track with framing screw at each stud, screwing through track slots for positive stud connection.

	6. Secure Gypsum Wallboard to vertical studs; do not secure Gypsum Wallboard to top track directly.
	7. Prepare wall for installation of seals, firestopping, or both:
	a. Fire-rated Walls:  Prepare for fire-resistive joint assemblies specified in Section 07 84 00.
	b. Non-fire rated partitions including Smoke Partitions:  Prepare for Sealant specified in Section 07 92 00.


	P. Furring Channels:
	1. Attach furring channel systems directly to parent walls.
	2. Install channels at maximum 16 IN OC.
	3. Provide additional framing at openings, cutouts, corners, and control joints.
	4. Space fasteners not more than 24 IN OC, staggered on opposite flanges of furring channels.


	3.3 FRAMING AT OPENINGS
	A. Control Joints (CJ):
	1. Install additional stud, maximum 1/2 IN from jamb studs.
	2. Do not fasten extra stud to track or jamb stud.
	3. Refer to specification Section 09 29 00 for control joint locations.

	B. Prefabricated headers, jambs, and sill framing systems option:
	1. Proprietary opening framing systems may be used as an alternative to conventionally fabricated framing.
	2. Pre-approved Products:
	a. HDS Framing System by ClarkDietrich.
	b. Quick Frame Rough Opening System by Marino/ Ware.


	C. Door Openings:
	1. Screw vertical studs at jambs to jamb anchor clips on door frames; install runner track section for cripple studs at head and secure to jamb studs. Screw into web of jamb stud.
	2. Unless indicated otherwise, extend jamb studs through suspended ceilings and secure laterally to overhead structure.
	3. Jamb Studs:
	a. Install two studs at each jamb, unless otherwise indicated.
	b. Minimum thickness of jamb studs:  30 MIL (20 GA) at openings.
	c. Securely attach jamb studs to door frames.
	d. Attach drywall to both studs equally.

	4. Headers:
	a. Openings less than 4 FT wide:
	1) Cut-to-length section of floor runner above and below wall openings.
	2) Split flanges and bend webs at ends.
	3) Overlap and screw attach jamb studs to frames.

	b. Openings over 4 FT wide:
	1) Cut-to-length, horizontal box beam studs above and below wall openings.
	2) Design for actual span and loading.


	5. Control Joints at head of jambs:
	a. Install cripple studs at head adjacent to each jamb stud, with a minimum 1/2 IN clearance from jamb stud to allow for installation of control joint in finished assembly.
	b. Gypsum Wallboard control joints as specified in Section 09 29 00.


	D. Other Framed Openings:
	1. Frame openings other than door openings the same as required for door openings, unless otherwise indicated.
	2. Install framing below sills of openings to match framing required above door heads.
	3. Cripple Studs:
	a. Install cut-to-length intermediate vertical studs above and below openings.
	b. Spacing:  As indicated for typical full-length studs.



	3.4 WALL BACKING AND BLOCKING
	A. Verify metal stud framing has been installed to support wall-mounted items.
	B. Wood Wall Blocking:  Specified in Section 06 10 00.
	C. Coordinate mounting height, location, and coverage with item to be supported.
	D. Determine material width according to item to be supported.
	E. Attachment:  Minimum 2 - #10 sheet metal screws at each stud.  Provide necessary anchoring / attachment as required for supported elements.

	3.5 CEILING FRAMING
	A. Install in compliance with manufacturer's recommendations.
	B. Provide required items to support and trim out neatly, flush or recessed mechanical and electrical items.
	C. Frame openings in ceiling support system to accommodate access panels and similar openings and penetrations.
	1. Completely frame openings with closed channel side of stud facing opening for support of recessed mechanical and electrical items.


	3.6 CEILING SUPPORT SYSTEMS
	A. Install suspension system components in sizes and spacing indicated on Drawings, but not less than required by referenced installation standards for assembly types and other assembly components indicated.
	B. Isolate suspension systems from building structure where abutting or penetrated by building structure.
	C. Suspend hangers from building structure as follows:
	1. Install hangers plumb and free from contact with insulation or other objects that are not part of supporting structural or suspension system.
	a. Splay hangers only where required to miss obstructions and offset resulting horizontal forces by bracing, counter-splaying, or other equally effective means.

	2. Where width of ducts and other construction within ceiling plenum interfere with locations of hangers required to support standard suspension system members, install supplemental suspension members and hangers in the form of trapezes or equivalent ...
	a. Size supplemental suspension members and hangers to support ceiling loads within performance limits established by referenced installation standards.

	3. Wire Hangers:  Secure by looping and wire tying, either directly to structures or to inserts, eye screws, or other devices and secure fasteners appropriate for substrate.
	4. Flat Hangers:  Secure to structure, including intermediate framing members, by attaching to inserts, eye screws, or other devices and secure fasteners appropriate for structure and hanger.
	5. Do not attach hangers to steel roof deck.
	6. Do not attach hangers to permanent metal forms.  Furnish cast-in-place hanger inserts that extend through forms.
	7. Do not attach hangers to rolled-in hanger tabs of composite steel floor deck.
	8. Do not connect or suspend steel framing from ducts, pipes, or conduit.

	D. Grid Suspension Systems:
	1. Attach perimeter wall track or angle where grid suspension systems meet vertical surfaces.
	2. Mechanically join main beam and cross-furring members to each other and butt-cut to fit into wall track.
	3. Install suspension systems that are level to within 1/8 IN in 12 FT measured lengthwise on each member that will receive finishes and transversely between parallel members that will receive finishes.
	4. Coordinate support requirements for all in-ceiling devices with capacity of ceiling grid system.



	GYPSUM BOARD
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Gypsum board.
	2. Tile backer board.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 06 10 00 - Rough Carpentry.
	4. Section 07 92 00 - Joint Sealants.
	5. Section 09 22 16 - Non-Structural Metal Framing.
	6. Section 09 30 00 – Tiling.
	7.  Section 09 91 10 - Architectural Painting.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. A653, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.
	b. C475, Standard Specification for Joint Compound and Joint Tape for Finishing Gypsum Board.
	c. C840, Standard Specification for Application and Finishing of Gypsum Board.
	d. C1047, Standard Specification for Accessories for Gypsum Wallboard and Gypsum Veneer Base.
	e. C1396, Standard Specification for Gypsum Board.
	f. D3273, Standard Test Method for Resistance to Growth of Mold on the Surface of Interior Coatings in an Environmental Chamber.

	2. Gypsum Association (GA):
	a. GA-214, Recommended Levels of Gypsum Board Finish.

	3. Underwriters Laboratories, Inc. (UL):
	a. Building Materials Directory.
	b. Fire Resistance Directory.



	1.3 DEFINITIONS
	A. Wet Area:
	1. Toilet rooms, showers, laboratories, janitor closets, or similar areas.
	2. Areas within 5 FT of emergency showers, eye wash stations, service sinks, or mop sinks.


	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Drawings of unusual conditions.
	a. Control joint layout.

	3. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.

	4. Manufacturer's adhesive, joint treatment compound and tape recommendations.



	Part 2 - PRODUCTS
	2.1 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Gypsum board and accessories:
	a. American Gypsum.
	b. Georgia-Pacific Building Products.
	c. National Gypsum.
	d. USG Corporation.

	2. Gypsum board suspension system:
	a. Armstrong.
	b. Chicago Metallic Corp.
	c. USG.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. General:
	1. Provide UL Listed materials in fire-resistant rated construction.
	2. Furnish in lengths as long as practicable.

	B. Gypsum Board (GB):
	1. ASTM C1396.
	2. Thickness:  5/8 IN unless noted otherwise.
	3. Edges:  Tapered.
	4. Fire-rated board:  Type X.
	5. Water-Resistant Gypsum Board (WRGB):
	a. Water-resistant core and facers.
	1) Smooth face for finishing similar to standard gypsum board.

	b. Mold-resistant:  ASTM D3273.
	c. USG "Sheetrock Mold Tough".


	C. Cement Backer Board:
	1. ASTM C1325.
	2.  Thickness:
	a. Wall board:  5/8 IN.
	b. Flooring underlayment:  1/4 IN.

	3. Water durable, mold resistant, non-combustible cement backer board for tile.
	a. Rot, warp and delaminate resistant.
	b. For use on walls or floors.
	c. See Specification Section 09 30 00 for ceramic tile.


	D. Gypsum Sheathing:  See Specification Section 07 61 13.
	E. Adhesive:  As recommended by board manufacturer.
	F. Joint Treatment Compound:
	1. ASTM C475.
	2. Recommended by manufacturer for specified board type and location.
	3. Do not use self-adhesive fiber mesh tape.

	G. Joint Tape:
	1. ASTM C475.
	2. Recommended by manufacturer for specified board type and location.


	2.3 ACCESSORIES
	A. Trim:
	1. ASTM C1047.
	2. Galvanized:  ASTM A653 G-60, unless noted otherwise.
	3. Corner bead:
	a. Standard type with perforated flanges.
	b. ClarkDietrich "#103 Deluxe Corner Bead".

	4. Casing and trim bead:
	a.  ClarkDietrich "#200-A Metal U-Trim.

	5. Control and expansion joints:
	a. ClarkDietrich "#093 Zinc Control Joint."


	B. Fasteners:
	1. Gypsum board:
	a. Self-drilling Type S, corrosion-resistant bugle head screws.
	b. Provide stainless steel fasteners in wet areas.

	2. Cement backer board:
	a. Self-drilling, corrosion resistant wafer head screws with strip-out prevention ribs.
	b. Do not use drywall screws.


	C. Tie Wire and Suspension Wire:
	1. Galvanized, soft annealed 12 GA minimum.
	2. Use soft stainless steel wire of same gage in all wet areas and/or exterior areas.

	D. Gypsum Board Suspension System:
	1. Direct hung factory fabricated heavy duty rated, single web system.
	2. Electro-galvanized.
	3. Fire rated system, UL listed.
	4. Basis of Design:  Chicago Metallic "Fire Front 650 Drywall Furring System."
	5. Refer to Specification Section 09 22 16.



	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. General:
	1. Verify that metal stud framing has been installed plumb, true, and in accordance with the Contract Documents.
	2. Install ceiling suspension system in accordance with manufacturer's recommendations.
	3. Install gypsum board in accordance with ASTM C840.
	4. Coordinate installation of gypsum board with installation of rigid vinyl sheet and fully wrapped rigid vinyl sheet panels.
	5. Install board in fire-rated construction in accordance with UL requirements.
	a. Self-adhesive applied fire rated tape is not acceptable for use on board joints in fire rated walls.
	b. Tape all joints using conventional fire rated joint tape and joint treatment compound.

	6. Erect all board vertically with edges over supporting members.
	a. See Specification Section 09 22 16 non-structural metal framing.

	7. Secure to each support or framing member with screws.
	a. Provide fasteners of sufficient length to penetrate framing member or stud not less than 3/8 IN.

	8. In curved wall or ceiling applications use 1/4 IN thick board specifically designed for use in radius construction.
	a. Apply in multiple layers as required to meet minimum drywall thickness specified.

	9. In areas having gypsum board ceilings and walls, install ceiling first.
	10. Bring boards into contact, but do not force into place.
	11. Fit neatly and carefully.
	12. Stagger edge joints on opposite side of a partition so they occur on different framing members.
	13. Hold board in firm contact with support while fasteners are being driven.
	14. Proceed with attachment from center of board toward ends and edges.
	15. Scribe board prior to cutting.
	16. Where sound-rated walls are indicated on Drawings, verify that sound insulation has been installed in walls.
	17. Where gypsum board abuts concrete, masonry, metal deck, exterior doors and windows, or other dissimilar material; provide 3/8 IN joint between edge of gypsum board and abutting material.
	a. Provide continuous casing bead trim on edge of board.
	b. Seal joint with sealant and backer rod.
	c. See Specification Section 07 92 00 for sealant.

	18. Use water-resistant gypsum board (WRGB) in wet locations not scheduled to receive tile finish or abuse resistant panels (ARP).
	19. Use Cement Backer Board in wet locations scheduled to receive tile finish.
	a. Install in accordance with ANSI A108.11 and manufacturer's recommendations.
	b. Use in areas where ceramic, porcelain, or quarry tile is scheduled.


	B. Provide Abuse Installation:
	1. Set fasteners between 3/8 and 1/2 IN from edges and 2 IN in from board corner.
	a. Space maximum of 12 IN on center at edges and in field of board.
	b. Where board butts at wall/ceiling juncture, hold fasteners back 6 IN from edges.
	c. Space fasteners closer if required by UL.

	2. Where two layers of gypsum board are required:
	a. Base layer:  Install per single layer system procedures.
	b. Finish layer:  Install per single layer system but stagger joints not less than one (1) support from the base layer.

	3. Install fasteners, in gypsum board, so that head rests in a slight dimple without cutting face paper or fracturing core or as recommended by board/panel manufacturer.
	4. Install screws, in cement backer board, flush with board surface.
	a. Do not countersink screws.


	C. Control Joints:
	1. Install prefabricated control joints to provide following maximum unjointed lengths or areas:
	a. Partitions:  30 FT, maximum straight run, and at lock side of jamb from head of each door opening to top of partition.
	b. Ceilings:
	1) 50 FT maximum in one (1) direction,
	2) At change of direction or irregular shapes.
	3) Ceiling area:  2500 SQFT, maximum.


	2. Where control or expansion joints occur in fire or sound rated assemblies, install suitable backing material to maintain required rating.
	3. Where a partition or ceiling abuts a structural element or dissimilar wall or ceiling, install corner bead, casing bead or other trim as required.

	D. Board Finishing:
	1. Securely attach continuous corner beads to all external corners in accordance with manufacturer's recommendations.
	2. Provide the following minimum levels of gypsum board finish in accordance with GA-214.
	a. Areas exposed to view:
	1) Surfaces to receive vinyl wall covering:  Level #4.
	2) Surfaces to receive painted finish:  Level #5.

	b. Areas not exposed to view:
	1) Fire rated partitions:  Level #2 unless a higher grade of finish is required by UL.
	2) Non-fire rated partitions:  Level #2.

	c. Provide additional coats of joint compound as required to completely conceal joints, fasteners and accessories.
	1) Joint photographing will not be acceptable.


	3. Sand each coat to remove excess joint compound.
	a. Avoid roughing paper facing on board.

	4. Finish surface shall be smooth and free of tool marks and ridges.
	5. Prime gypsum board surfaces in accordance with Specification Section09 91 10.
	a. After primer has been applied, inspect surfaces and repair and refinish all areas which show defects.

	6. Refer to ASTM C840 for additional finishing requirements.



	TILING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Furnish labor, materials, tools, equipment, and services for Tile, as indicated, in accordance with provisions of Contract Documents.
	B. Completely coordinate with work of other trades.

	1.2 QUALITY ASSURANCE
	A. Manufacturer Qualifications:
	1. Minimum ten (10) years of experience in manufacture of tile, setting and grout materials.

	B. Installer Qualifications:
	1. Specializing in tile work having minimum of five (5) years successful documented experience with work comparable to that required for this Project.

	C. Single Source Responsibility:
	1. Obtain each type and color tile material required from single source.
	2. Provide compatible materials for tile system.

	D. Certifications:
	1. Submit Master Grade Certificate for each type of ceramic, quarry, and paver tile in accordance with requirements of ANSI A137.1.
	2. Submit manufacturer's certifications that mortars, adhesives, and grouts are suitable for intended use.

	E. Tile Council of North America (TCNA):
	1. Handbook for Ceramic, Glass and Stone Tile Installation, latest edition.

	F. Ceramic Tile Institute of America (CTIOA).
	A. ASTM International (ASTM):
	1. ASTM C373 Standard Test Methods for Determination of Water Absorption and Associated Properties by Vacuum Method for Pressed Ceramic Tiles and Glass Tiles and Boil Method for Extruded Ceramic Tiles and Non-tile Fired Ceramic Whiteware Products
	2. ASTM C485 Standard Test Method for Measuring Warpage of Ceramic Tile
	3. ASTM C623 Standard Test Method for Young’s Modulus, Shear Modulus, and Poisson’s Ratio for Glass and Glass-Ceramics by Resonance.
	4. ASTM C627 Standard Test Method for Evaluating Ceramic Floor Tile Installation Systems Using Robinson-Type Floor Tester
	5. ASTM C630 Standard Test Method for Resistance of Ceramic Tile to Chemical Substances
	6. ASTM C648 Standard Test Method for Breaking Strength of Ceramic Tile
	7. ASTM C1026 Standard Test Method for Measuring the Resistance of Ceramic and Glass Tile to Freeze-Thaw Cycling
	8. ASTM C1027 Standard Test Method for Determining Visible Abrasion Resistance of Glazed Ceramic Tile
	9. ASTM C1378 Standard Test Method for Determination of Resistance to Staining
	10. ASTM E90 Standard Test Method for Laboratory Measurement of Airborne Sound Transmission Loss of Building Partitions and Elements
	11. ASTM E413 Classification for Rating Sound Insulation Class
	12. ASTM E492 Standard Test Method for Laboratory Measurement of Impact Sound Transmission Through Floor-Ceiling Assemblies Using the Tapping Machine
	13. ASTM E989 Standard Classification for Determination of Single-Number Metrics for Impact Noise

	B. American National Standards Institute (ANSI):
	1. ANSI A108.5 Installation of Ceramic tile with Dry-Set Portland Cement or Latex-Portland Cement.
	2. ANSI A108.10 Installation of Grout in Tilework.
	3. ANSI A108.13 Installation of Membranes for Thin-Set Ceramic Tile.
	4. ANSI A108.17 Installation of Crack Isolation Membranes for Thin-set Ceramic Tile and Dimension Stone.
	5. ANSI A118.1 Standard Dry-Set Cement Mortars.
	6. ANSI A118.3 Chemical Resistant, Water-Cleanable, Tile-Setting and-Grouting Epoxy and Water-Cleanable Tile-Setting Epoxy Adhesive.
	7. ANSI A118.4 Modified Dry-Set Cement Mortar.
	8. ANSI A118.7 High Performance Cement Grouts.
	9. ANSI A118.10 Load-Bearing, Bonded Waterproofing Membranes for Thin-Set Ceramic Tile and Dimension Stone Installation.
	10. ANSI A118.12 Crack Isolation Membranes for Thin-set Ceramic Tile and Dimension Stone Installation.
	11. ANSI A118.15 Improved Modified Dry-Set Cement Mortars.
	12. ANSI A136.1 Organic Adhesives for Installation of Ceramic Tile.
	13. ANSI A137.1 Standard Specification for Ceramic Tile.
	14. ANSI A137.3 Standard Specification for Gauged Porcelain Tiles and Gauged Porcelain Tile Panels/Slabs.


	1.3 SUBMITTALS
	A. Shop Drawings:
	1. Indicate tile layout, patterns, color arrangement, perimeter conditions, junctions with dissimilar materials, movement joints, thresholds, ceramic accessories, and setting methods and details.

	B. Samples:
	1. Three full size samples of each tile specified in Drawings .
	2. Grout:  Submit manufacturer's full range of standard and designated color samples for each type for Architect's selection.
	3. Grout:  Submit samples mounted in 6 IN long metal channels for each type and color specified.

	C. Project Information:
	1. Installation methods.
	2. Manufacturer's Certificate:  For each shipment, type and composition of tile provide a Master Grade Certificate signed by manufacturer and installer certifying products meet or exceed specified requirements of ANSI A137.1-2012.

	D. Contract Closeout Information:
	1. Maintenance Data:
	a. Include recommended cleaning methods, cleaning materials, stain removal methods, and polishes and waxes.
	b. See Section 01 78 23.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Ceramic Tile:
	1. Basis of Design:
	a. As indicated on drawing color/finish schedule.


	B. Porcelain Tile:
	1. Basis of Design:
	a. As indicated on drawing color/finish schedule.


	C. Accessories:
	1. Base:
	a. Schluter Systems LP.

	2. Option:
	a. Custom Building Products.


	D. Other manufacturers desiring approval comply with Section 01 25 13.

	2.2 DESIGN CRITERIA
	A. Tile:
	1. Ceramic Tile:  Comply with ANSI A137.1 American National Standard Specifications for Ceramic Tile for types, compositions, and grades of tile indicated.
	2. Porcelain Tile:  Comply with ANSI A137.3 American National Tile Standard Specifications for Gauged Porcelain Tiles and Gauged Porcelain Tile Panels/Slabs for types, compositions, and grades of tile indicated.
	3. Furnish tile complying with Standard Grade requirements unless otherwise indicated.
	4. ANSI Standard for Tile Installation Materials:  Comply with ANSI standard referenced with products and materials indicated for setting and grouting.

	B. Colors, Textures, and Patterns:
	1. Where manufacturer's standard products are indicated for tile, grout, and other products requiring selection of colors, surface textures, patterns, and other appearance characteristics, provide specific products or materials complying with followin...
	a. Match Architect's sample.


	C. Factory Mounting:
	1. Provide back face or edge mounted tile assemblies as standard with manufacturer unless another mounting method is indicated.
	2. Do not use back mounted or edge mounted tile assemblies for swimming pools, exterior applications or wet areas.


	2.3 MATERIALS
	A. Ceramic Wall Tile:
	1. Grade:  ANSI A137.1; 5.0 to 10.0 PCT water absorption.
	2. Size:  See color/finish schedule on drawings.
	3. Edge:  Cushioned.
	4. Finish:  Matte.
	5. Color:  See color/finish schedule on drawings.
	6. Base:  Aluminum corner joints as specified.

	B. Porcelain Panels:
	a. Basis of Design:  Crossville porcelain tile panels.
	2. Sintered compact based, impervious unglazed ceramic, through body color.
	3. Water absorption:
	a. Less than 0.1 PCT maximum, per ISO 10545-3.

	4. Thickness:
	a. Nominal:  5.6 MM

	5. Panel Size:
	a.  1000 MM x 3000 MM
	b. Nominal:  3 FT x 10 FT.
	c.  60 IN x 125 IN.
	d. Refer to drawings for color/finish schedule.

	6. Anti-slip property per DIN 51330:
	a. R9.

	7. Static friction coefficient per ASTM C1028:
	a. Dry:  0.76 – 0.94.
	b. Wet:  0.43 – 0.67.


	C. Lobby Accent Wall Tile
	1. Basis of Design:  Crossville Island Stone, natural stone strip cladding.
	2. See Color/Finish Schedule on drawings.

	D. Trim:
	1. Provide necessary caps, stops, returns, trimmers and other shapes to complete installation.
	2. Color and finish to match adjacent tile unless shown otherwise.
	3. Ceramic Trim:
	a. Straight Base:  Bullnose top edge.  Align joints and set on top of floor tile.
	b. Cove Base:  Bullnose top edge.  Align joints and set flush with floor tile.
	c. Cove Base:  Square top edge.  Align joints and set flush with floor tile.


	E. Mortar, Grout, and Adhesive Manufacturer:
	1. Setting materials:  As required by installation Method, See Part 3.

	F. Mortar – Thick Set
	1. Portland Cement Mortar with Latex Additive:
	a. Portland Cement:  ASTM C150, Type I, from one source only, non-staining and non-air-entraining.
	b. Supplemental cementitious materials derived from coal fired power plant wastes shall not have a mercury content >5.5ppb.
	c. Fly ash shall not be a byproduct of municipal solid waste incinerators
	d. Mortar Sand:  ASTM C144, free of deleterious materials, well graded.
	e. Setting Bed Sand:  ASTM C136, 100 PCT passing No. 4 sieve.
	f. Latex Additive:
	1) Description:  Latex additive serving as replacement for gaging water, for use with site mixed portland cement mortar.
	2) Quantity:  As recommended by latex additive manufacturer to produce workable consistency.
	3) Acceptable Products:
	a) CustomFloat Bedding Mortar by Custom Building Products.
	b) 3701 Mortar Admix by Laticrete.
	c) Planicrete AC by Mapei.




	G. Mortar – Thin Set:
	1. Portland Cement with Latex Additive:
	a. Latex additive and site mixed Cement mortar.
	b. Comply with ANSI-A118.4.
	c. Acceptable Products:
	1) CustomCrete Latex Mortar Admix with site mixed mortar by Custom Building Products.
	2) Planicrete AC with 4:1 Mud Bed Mix by Mapei.



	H. Epoxy Adhesive:
	1. Multi-component, factory prepared, 100 PCT epoxy resin and hardener with sand or mineral filler material.
	2. Comply with ANSI A118.3 for thin-set applications for chemical resistant, water cleanable quarry tile installations.
	3. Acceptable Products:
	a. Kerapoxy 410 by Mapei.


	I. Latex Modified Grout:
	1. Description:  Latex-modified, factory blended, mildew resistant, sanded, grout consisting of cement, graded quartz and additives; comply with ANSI A118.7.
	2. Latex Additive:  Type as recommended by latex mortar manufacturer.
	3. Acceptable Products:
	a. Polyblend Sanded Tile Grout by Custom Building Products.
	b. Satillo Grout Mix with Acrylic Mortar Admix 1:1 with water by Custom Building Products.
	c. 500 Series Sanded Grout Mixed with 1776 Grout Admix Plus by Laticrete.
	d. Ultracolor Plus FA polymer-modified sanded grout by Mapei.


	J. Unsanded Latex Modified Grout for Wall Tile:
	1. Description:  Latex-modified, factory blended, mildew resistant, non-sanded, grout consisting of cement and additives; comply with ANSI A118.6.
	2. Latex Additive:  Type as recommended by latex mortar manufacturer.
	3. Color:  To be selected.
	4. Acceptable Products:
	a. Polyblend Non-Sanded Tile Grout by Custom Building Products.
	b. White Dry Tile Grout by Custom Building Products.
	c. 644 White Dry-Set Grout mixed with 17765 Grout Admix Plus by Laticrete.
	d. 1600 Series Tri-Poly Fortified Non Sanded Grout by Laticrete.
	e. Keracolor U polymer-modified unsanded grout by Mapei.


	K. Unsanded Urethane Grout:
	1. Description:  Pre-mixed non-cementitious urethane , factory blended, antimicrobial, mildew resistant, non-sanded, grout; complying with ANSI A118.3-UG..
	2. Color:  To be selected.
	3. Acceptable Products:
	a. QuartzLock2 by Bostik.
	b. Flexcolor CQ (acrylic-based) by Mapei.


	L.  Polymer Modified Sanded Grout:
	1. Compressive Strength:  3000 PSI  at 24 HRS.
	2. Color:  To be selected
	3. Acceptable Products:
	a. Polyblend Sanded Tile Grout by Custom Building Products.
	b. 1500 Series Tri-Poly Fortified Sanded Grout by Laticrete.
	c. Ultracolor Plus FA by Mapei.


	M. Waterproofing Membrane:
	1. Description:  Trowel applied elastomeric compound.
	2. Acceptable Products:
	a. Mapelastic 315 by Mapei.

	3. Accessories:
	a. Preformed fiberglass mesh coving, inside and outside corners, and drain fittings.
	b. Preformed expansion joint flashing.


	N. Crack Isolation Membrane:
	1. Description:  Trowel applied elastomeric compound.
	2. Acceptable Products:
	a. Mapelastic 315 by Mapei.

	3. Refer to Specification Section 09 29 00.

	O. Accessories:
	1. Fasteners:  Corrosion resistant type required by board manufacturer for securing units.
	2. Joint Reinforcement Tape:  As recommended by board manufacturer.

	P. Reinforcing Mesh:
	1. Size:  2 IN x 2 IN  weave of 16/16 wire size.
	2. Fabric:  Welded, galvanized.

	Q. Joint Sealant:
	1. Two component polyurethane sealant, ASTM C920, Type M, self-leveling, for horizontal joints, Type II, non-sag, for vertical joints as specified in Section 07 92 00.
	2. Color:  Match grout.
	3. Sealant:
	a. Chemically compatible with tile, mortar, and grout.
	b. Physically and chemically capable to withstand local environmental conditions.


	R. Joint Backing:
	1. Closed cell foam polyethylene.

	S. Prefabricated Sealant Joint:
	1. Prefabricated aluminum joint with two part, chemically curing non-sag polyurethane sealant.
	2. Height as required by tile by 8 FT lengths.
	3. Aluminum:  Clear anodized.
	4. Sealant:  Match grout.
	5. PolyBlend Ceramic Tile Caulk by Custom Building Products or Mapesil T by Mapei.

	T. Corner Joints:
	1. Extruded rigid coved wall/floor corner, with integral perforated anchoring  legs.
	2. Floor leg height:  As required to suit application.
	3. Wall leg height:  As required to suit application.
	4. Material:  Aluminum.
	5. Schlüter - DILEX-HK

	U. Setting Buttons:
	1. Plastic buttons of thickness required for joint size indicated to maintain uniform joint width.



	Part 3 - EXECUTION
	3.1 EXAMINATION
	A. Comply with requirements of referenced standards and recommendations of material manufacturers for environmental conditions before, during, and after installation.
	B. Verify concrete floor surfaces are suitable for tile installation.
	1. Firm, dry, clean and free of oily or waxy films, mortar and soil.
	2. Grounds, anchors, plugs, hangers, bucks, electrical and mechanical work in or behind tile installed.
	3. Coordinate installation with requirements of Concrete Floor Moisture Testing, and Water Vapor Emission Control per manufacturer’s published requirements.
	4. Verify limits of moisture and alkalinity are within levels tolerated by Tile manufacturer and setting materials manufacturer.
	5. Verify areas to receive tile installed by thin bed method have wood float finish, are true within 1/4 IN in 10 FT and are pitched to drains where required.

	C. Correct unsatisfactory conditions and proceed with installation only after substrate deficiencies have been corrected and surfaces are acceptable.
	D. Start of work constitutes acceptance of surfaces, and waiver of claim that surfaces are unsuitable.

	3.2 PREPARATION
	A. Prepare surfaces in accordance with manufacturers’  instructions for setting materials or additives used.
	B. Acid based cleaners are not permitted.
	C. Completely remove curing compounds or other substances that would interfere with proper bond of setting materials.
	D. Do not seal substrate unless required by manufacturer.
	E. Prime substrate when required by manufacturer.
	F. Factory Blending:
	1. Blend tile in factory and package accordingly so tile are uniform in color range as those throughout packaging and match approved samples.
	2. If not factory blended, return to manufacturer or blend tiles at project site before installing.


	3.3 INSTALLATION
	A. Tile Backer Board:
	1. Refer to Specification Section 09 29 00.
	2. Place and fasten with galvanized or resin coated gypsum board screws at 8 IN  OC in field of panel and 6 IN  OC at edges.
	3. Provide 1/4 IN  gap above floor or fixture lip for installation of flexible calking.
	4. Maintain manufacturer's required space between board edges.
	5. Fill joints by applying tile setting material and joint reinforcement.
	6. Vapor Retarder (provide at showers):
	a. Extend vapor retarder to extremities of areas indicated to be protected from vapor transmission.
	b. Secure in place with mechanical fasteners or adhesives.
	c. Extend vapor retarder to cover miscellaneous voids in insulated substrates, including those filled with loose mineral-fiber insulation.
	d. Seal vertical joints in vapor retarders over framing by lapping not less than two wall studs.
	e. Fasten vapor retarders to framing at top, end, and bottom edges, perimeter of wall openings, and lap joints; space fasteners no greater than 16 IN  apart.
	f. Seal joints in vapor retarders caused by pipes, conduits, electrical boxes and similar items penetrating vapor retarders with vapor retarder tape.
	g. Repair tears and punctures in vapor retarder immediately before installation of cementitious backer units.


	B. Membrane:
	1. Install membrane with products or methods approved in writing by membrane manufacturer.
	2. Flash membrane to cure prior to setting tile.
	3. Do not allow construction traffic on membrane.

	C. Waterproofing:
	1. Install waterproofing in accordance with manufacturer's instructions.
	2. Return waterproofing vertically at adjacent walls in accordance with manufacturer details, to minimum height of 4 IN .
	3. Flood test waterproof membranes after fully cured.
	4. Field Quality Control water test when required.

	D. Tile Installation, General:
	1. Install tile and porcelain panel materials in accordance with applicable ANSI A137.1-2012, ANSI A137.2, ANSI and TCNA specifications, and TCNA Handbook for Ceramic Tile Installation, with exception of more stringent requirements of manufacturer or ...
	2. Cut and fit tile tight to penetrations, protrusions and vertical interruptions and seal.
	a. See Section 07 92 00.

	3. Form corners and bases neatly.
	4. Install ceramic cove base in accordance with TCNA “Flush” style.
	a. TCNA “Thin-Lip” style installation is not allowed.

	5. Work tile joints uniform in width, subject to variance in tolerance allowed in tile size.
	6. Ensure nominal grout centerlines are straight.
	7. Make joint watertight, without voids, cracks, excess mortar, or grout.
	8. Prepare surface, fit, set, bond, grout and clean in accordance with applicable requirements of ANSI standards and Tile Council of North America.
	a. Floors
	1) Thick bed on interior slabs on grade:  TCNA F112.
	2) Thick bed on interior elevated slabs in wet rooms:  TCNA F 121.
	3) Thick bed on interior elevated slabs in dry rooms:  TCNA F111.
	4) Thick bed where epoxy grout is indicated:  TCNA F114.

	b. Walls:
	1) Thick set on Gypsum Board:  TCNA W222.
	2) Thick set on Masonry:  TCNA W222.
	3) Thick set directly on Studs:  TCNA W241.

	c. Showers:  TCNA B414.

	9. Where accent tiles are of a lesser thickness than surrounding field tiles, increase bedding thickness as required to achieve flush alignment between finished faces of accent tiles and adjacent field tiles.

	E. Layout:
	1. Lay out work to pattern indicated so full tile or joint is centered on each wall.
	a. Lay out tile to minimize cutting and to avoid tile less than half size.

	2. Continue pattern through openings.
	3. For heights stated in feet and inches, use courses of full tile to produce nearest attainable heights without cutting tile.
	4. Align joints in tile in both directions.
	5. Align joints between wall, floor and base tile.
	6. Make joints between sheets of tile same width as joints within sheet.
	7. File edges of cut tile smooth and even.
	8. Cut and fit tile at penetrations through tile.
	9. Grind edges of tile abutting built-in items.
	10. Fit tile at outlets, piping and other penetrations so plates, collars, or covers overlap tile.
	11. Extend tile work into recesses and under or behind equipment and fixtures, to form complete covering without interruption, except as otherwise indicated.
	12. Accurately form intersections and returns.
	13. Form internal corners and external corners square.

	F.  Thin Set Method, Floors and Walls:
	1. Apply mortar or adhesive with notched trowel using scraping motion to work material into contact with surface to be covered.
	a. Maintain 90 PCT coverage on back of tile and fully bed corners.

	2. Apply only as much mortar or adhesive as can be covered within time recommended by mortar or adhesive manufacturer.
	3. When installing large tiles, ceramics or mosaics, trowel small quantity of mortar or adhesive onto back of each tile or sheet of tiles.
	4. Set tiles in place and level surface of tile.
	5. Align tile to show uniform joints and set until firm.
	6. Clean excess mortar or adhesive from surface of tile while mortar is fresh.
	7. Sound tile after setting.  Replace hollow sounding tiles.

	G. Grouting:
	1. Allow tiles to set before grouting.
	2. Install in accordance with grout manufacturer's recommendations and ANSI A108.10.
	3. Clean excess grout from surface as work progresses.
	4. Cure after grouting by covering with kraft or construction paper for 72 HRS.
	5. Install sealant in vertical wall joints at interior corners.

	H. Movement Joints:
	1. Comply with TCNA EJ171.
	2. Coordinate with Drawings.
	3. Locate movement joints where indicated.
	4. Where not indicated, locate movement joints directly over following substrate conditions:
	a. Changes in substrate material.
	b. Over control joints, expansion joints and seismic joints in substrate.
	c. Over construction joints in substrate.
	d. At junctures where floors meet walls and other restraining elements such as curbs, columns, bases, and wall corners.
	e. At other locations recommended by TCNA EJ171 Movement Joint requirements.

	5. Locate additional movement joints per following:
	a. Exterior:  12 FT .
	b. Interior:  25 FT .
	c. Interior, where exposed to direct sunlight or moisture:  12 FT .

	6. Joint Width:  In accordance with TCNA EJ171.
	7. Rake or cut control joints through setting bed to supporting slab or structure.
	8. Maintain joints free of mortar.
	9. Fill joints with self-leveling polyurethane sealant and backing material.
	a. See Section 07 92 00.

	10. Provide sealant material at items penetrating tile work, unless otherwise indicated.
	11. Apply sealant to junction of tile and dissimilar materials and junction of dissimilar planes.
	a. Seal tile to outlets, piping and other penetrations.

	12. Fill joints around water closets with white silicone sealant.
	a. See Section 07 92 00.

	13. Use manufacturer’s expansion joint flashing when covering expansion joints with waterproof or crack isolation membranes.


	3.4 CLEANING
	A. Perform cleaning while mortar is fresh before hardening on surfaces.
	B. Wash tile diagonally across joints.
	C. Polish with clean dry cloth.
	D. Remove grout haze following recommendation of mortar additive manufacturer.
	E. Remove residual waxes or grout release agent, temporary protective coatings, by method recommended by coating manufacturer.
	1. Confirm acceptability with brick and grout manufacturer.
	2. Trap and remove coating to prevent it from clogging floor drains.


	3.5 PROTECTION AND REPAIR
	A. Prohibit traffic on floor finish for 72 HRS after installation.
	B. Where temporary use of new floors is unavoidable, supply large, flat boards or plywood panels for walkways over kraft paper.
	C. Replace broken, cracked, chipped, stained, or damaged tile.


	ACOUSTICAL CEILINGS (ACT)
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Furnish labor, materials, tools, equipment, and services for Acoustical Ceiling Systems (ACT) in accordance with provisions of Contract Documents.
	B. Completely coordinate with work of other trades.

	1.2 QUALITY ASSURANCE
	A. ASTM International (ASTM):
	1. ASTM A641/A641M Standard Specification for Zinc-Coated (Galvanized) Carbon Steel Wire.
	2. ASTM B633Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel
	3. ASTM C635/C635M Standard Specification for the Manufacture, Performance, and Testing of Metal Suspension Systems for Acoustical Tile and Lay-In Panels Ceilings.
	4. ASTM C636/C636M Standard Specification for Installation of Metal Ceiling Suspension Systems for Acoustical Tile and Lay-In Panels.
	5. ASTM E488/E488M Standard Test Methods for Strength of Anchors in Concrete Elements.
	6. ASTM E580/E580M Standard Practice for Installation of Ceiling Suspension Systems for Acoustical Tile and Lay-in Panels in Areas Subject to Earthquake Ground Motions
	7. ASTM E1190 Standard Test Methods for Strength of Power-Actuated Fasteners Installed in Structural Members

	B. Site Classification and Seismic Design Categories as defined in the International Building Code.

	1.3 SUBMITTALS
	A. Product Data:
	1. Manufacturer’s product data that products comply with acoustical properties indicated on Drawings.

	B. Samples:
	1. Three samples of each type of tile listed in Drawings.

	C. Contract Closeout Information:
	1. Maintenance data.
	a. See Section 01 78 23.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Steel Suspension Systems:
	1. Base:
	a. Armstrong World Industries.

	2. Optional:
	a. USG Corporation
	b. Rockfon


	B. Other manufacturers desiring approval comply with Section 01 25 13.

	2.2 MATERIALS
	A. Acoustic Suspension Systems:
	1. Heavy duty systems, ASTM C635.
	2. Main runner jointing by spliced, interlocking ends, tab locks, pin locks, or other suitable connections.
	3. Cross runners interlocking with main runners.
	4. Include components and accessories necessary resist seismic loads and dead loads of items such as light fixtures and air diffusers.
	5. Hanger Wire:
	a. Pre-stretched, with a yield stress load of at least 5 times design load, but not less than 0.106 IN (12 GA) 2.7 MM.
	b. Utilize continuous lengths, without kinks and splices.
	c. Galvanized Steel:
	1) Galvanized, soft annealed steel wire conforming to ASTM A641/A641m.


	6. Attachment Devices:
	a. Anchors in Concrete:
	1) Anchors of type and material indicated below, with holes or loops for attaching hangers of type indicated and with capability to sustain, without failure, a load equal to 5 times that imposed by ceiling construction, as determined by testing per AS...
	2) Acceptable types:  Cast-in-place, post-installed expansion anchors and post-installed bonded anchors.
	3) Material:  Carbon-steel components zinc plated to comply with ASTM B633, Class Fe/Zn 5 for Class SC 1 service condition.

	b. Power-Actuated Fasteners in Concrete:
	1) Fastener system of type suitable for application indicated, fabricated from corrosion-resistant materials, with clips or other accessory devices for attaching hangers of type indicated, and with capability to sustain, without failure, a load equal ...


	7. Suspension System Types:
	a. GR-1:  Exposed grid, non-rated:
	1) Description:  Galvanized, double web steel, main and cross runners.
	2) Face width:  15/16 IN 24 MM.
	3) Base Product:
	a) Prelude XL, by Armstrong.

	4) Finish on exposed surfaces:  Smooth, flat white.


	8. Fiberglass Ceiling Panel:
	a. Basis of Design:
	1) Optima by Armstrong.

	b. Surface Texture:  Smooth.
	c. Surface Finish:  Factory applied acrylic latex paint
	d. Light Reflectance (LR):  ASTM E 1477; White Panel:  Light Reflectance:  0.90.
	e. Noise Reduction Coefficient (NRC):  0.90.
	f. Lay-in style:  Minimum 1 IN 25 MM thick.
	g. Size:  24 IN x 24 IN.
	h. Edge:  Square Tegular 15/16 IN.
	i. Location:  Install in Boardroom 102.

	9. Mineral Fiber Composite, Ceiling Panel:
	a. Basis of Design:
	1) Armstrong Fine Fissured.

	b. Factory applied plastic paint.
	c. Non-perforated.
	d. Light reflectance:  Not less than 0.85.
	e. Noise reduction coefficient:
	1) Fissured:  Not less than 0.70.
	2) Plain:  None required.

	f. Size:  24 IN x 24 IN
	g. Lay-in style:  Minimum 15/16 IN 16 MM thick.
	h. Location:  All other rooms scheduled for suspended acoustical ceilings except for Boardroom 102.


	B. Diffusers and Grilles:
	1. See applicable specification.

	C. Light Fixtures:
	1. See applicable specification.



	Part 3 - EXECUTION
	3.1 INSPECTION
	A. Verify suitability of substrate to accept installation.
	B. Examine installation site for irregularities having effect on quality and execution of work.
	C. Consult other trades involved before start of ceiling work, to determine areas of potential interference
	D. Do not start installation until interferences have been resolved.
	E. Installation constitutes acceptance of responsibility for performance.

	3.2 PREPARATION
	A. Coordinate ceiling layout with sprinkler head spacing and work penetrating acoustical ceiling systems.
	B. Tolerances:
	1. Comply with ASTM C635/C635M Standard Specification for the Manufacture, Performance, and Testing of Metal Suspension Systems for Acoustical Tile and Lay-in Panel Ceilings.
	2. Deviation from level plane:  1/8 IN in 10 FT 3 MM in 3 M with no load applied maximum.
	3. Bow:  1/32 IN in 2 FT 0.8 MM in 610 MM maximum.
	4. Camber:  1/32 IN in 2 FT 0.8 MM in 610 MM maximum.
	5. Twist:  1 degree in 2 FT 1 degree in 610 MM maximum.


	3.3 INSTALLATION
	A. Suspension System:
	1. Install suspension system in accordance with manufacturers' instructions.
	2. Grid layout:
	a. See Reflected Ceiling Plans.
	b. Install grid based on electrical lighting fixture layout indicated in Electrical Drawings, unless otherwise indicated,
	c. Acoustical panel dimension at perimeter walls:  Not less than 6 IN 150 MM.
	d. In case of conflict notify Architect.

	3. Install grid square with room and with grid or acoustical panel center lines coinciding with center lines of room, each direction.
	4. Intersections between main tees and cross tees:
	a. Butt cut and notch as required.

	5. Wall angles:
	a. Install wall angles or moldings where ceilings meet walls, partitions, vertical elements, and other types of ceilings or ceiling fixtures.
	1) Secure angles to wall construction at stud locations.
	a) Maximum spacing from terminal ends:  3 IN 76 MM.
	b) Draw fasteners tight against vertical surfaces.

	2) Level tolerance:  not more than 1 IN 1000.
	3) Miter cut inside and outside corners.
	4) Install with leg supporting bottom flange of runners.


	6. Hanger wires:
	a. Provide hangers and inserts necessary to support ceiling suspension systems and ceiling dead loads.
	b. Coordinate location and alignment with work of other trades.
	c. Install hanger wires plumb to main tees and cross tees.
	1) Do not suspend any part of suspension system from ducts, pipes, conduit, cable tray or equipment.
	2) Provide supplementary rough suspension system where necessary to support ceilings beneath pipes, ducts, equipment, cable trays.
	3) Splay hangers no greater than 30 DEG from vertical to avoid obstructions or other conditions that prevent plumb, vertical installation.
	4) Offset horizontal forces by bracing or counter-splaying.

	d. Space hangers to prevent eccentric deflection and rotation due to loads from items in or on ceiling
	1) Provide supplemental hangers to support lighting fixtures and within 6 IN 150 MM from end of main runners and fixtures which exceed manufacturer’s published load data.
	2) Do not bear runners on walls or partitions.


	7. Main runners:
	a. Utilize wall angles to align and receive terminal ends of main tees without transferring load to wall angle.
	b. Space main tees as indicated to receive lay-in panels and fixtures.
	c. Support terminal ends of main tees by wires located within 6 IN 150 MM from boundary walls.

	8. Cross runners:
	a. Space cross tees as indicated to receive lay-in panels and fixtures.
	1) Install cross runners with positive interlock.

	b. Utilize wall angles to align and receive terminal ends of cross tees without transferring load to wall angle.
	c. Support terminal ends of cross tees by wires located within 6 IN 150 MM from boundary walls.

	9. Leave suspension system ready to accept installation of acoustic materials.

	B. Lay-In Items:
	1. Install acoustic materials in accordance with manufacturer's instructions.
	2. Place lay-in panels, fixtures, diffusers, grilles, and similar items in manner not compromising suspension system performance.
	3. Field cut materials to fit grid.
	4. Tegular and similar tiles with articulated edges:
	a. Cut edges to match profile of factory edges and paint to match.

	5. Ceiling paint:
	a. Touch-up minor surface scratches and blemishes.
	b. Cover field cut edges exposed to view.
	c. Armstrong SuperCoat Ceiling Panel Touch-up Paint.



	3.4 CLEANING AND REPAIR
	A. Perform cleaning of soiled units and replacement of defective or damaged units.


	LUXURY VINYL TILE AND RESILIENT BASE
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Luxury vinyl tile (LVT).
	2. Resilient base (RB).

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Americans with Disabilities Act (ADA):
	a. Accessibility Guidelines for Buildings and Facilities (ADAAG).

	2. ASTM International (ASTM):
	a. E648, Standard Test Method for Critical Radiant Flux of Floor-Covering Systems Using a Radiant Heat Energy Source.
	b. F710, Standard Practice for Preparing Concrete Floors to Receive Resilient Flooring.
	c. F1861, Standard Specification for Resilient Wall Base.



	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Recommendations on adhesives, primers and leveling and patching compounds.


	B. Samples:
	1. Full range of colors and patterns for Engineer's color selection of each component specified.

	C. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Luxury vinyl tile (LVT):
	a. Basis of Design:  Patcraft.
	b. Optional:  Tarkett Inc.

	2. Resilient base:
	a. Armstrong.
	b. Burke Flooring.
	c. Flexco.
	d. Johnsonite.
	e. Roppe.
	f. VPI.

	3. Edging strips, reducers and joiners:
	a. Burke Flooring.
	b. Flexco.
	c. Johnsonite.
	d. Roppe.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MANUFACTURED UNITS
	A. Luxury Vinyl Tile (LVT):
	1. Basis of Design:  Patcraft Adesa I424V.
	2. Construction:  COREtec commercial multilayer SPC.
	3. Attached Underlayment:  1.5 MM cork.
	4. Wear Layer Thickness:  20 MIL (0.020 IN / 0.5 MM)
	5. Overall Thickness:  0.216 IN (5.5 MM)
	6. Edge Profile:  Mini-micro-beveled edge.
	7. Finish:  ExoGuard™.
	8. Installation:  Four sided locking profile for floating or glue down installation.
	9. Adhesive:  Per manufacturer’s installation guidelines.

	B. Resilient Base (RB):
	1. Rubber or vinyl, ASTM F1861.
	a. Group 1, solid through-color.
	b. Style B, coved.
	c. 1/8 by 4 IN.

	2. Factory-formed outside corners.
	3. Continuous rolls, minimum 95 FT long.
	4. Refer to drawings color/finish schedule.

	C. Resilient Base at Carpet (RB):
	1. Rubber or vinyl, ASTM F1861.
	a. Group 1, solid through-color.
	b. Style A, straight.
	c. 1/8 by 4 IN, 1/4 IN wide at bottom.

	2. Factory-formed outside corners.
	3. Continuous rolls, minimum 95 FT long.
	4. Refer to drawings color/finish schedule.

	D. Leveling compound as recommended by manufacturer compatible with adhesives.
	E. Adhesives and primers as recommended by manufacturer.
	F. Sheet Vinyl Accent Stripes:  1/8 x 1 IN plain color homogeneous vinyl with backing.
	G. Edging Strips, Reducers and Joiners:
	1. Thermoplastic vinyl.
	a. ASTM E648, Class 1 Fire Rated.



	2.3 MAINTENANCE MATERIALS
	A. Extra Materials:
	1. Furnish Owner the following extra material:
	a. One (1) carton of each type and color of tile.
	b. Minimum 12 LF of resilient linoleum sheet flooring and enough welding rod to install all 12 LF of material.
	c. Remaining portion of one (1) partially used roll of resilient base material with a minimum of 10 LF of each height, color and type.

	2. Package and label extra materials to protect material during storage.



	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Prepare surfaces in accordance with manufacturer's recommendations and ASTM F710.
	B. Acclimate tile to area in which it is to be installed for minimum 72 HRS at 68 DEGF prior to installation.
	1. Provide manufacturer's recommended relative humidity levels.

	C. Fill cracks, joints (except specified expansion joints), etc., in floors with a water-resistant noncrumbling patching and leveling compound.
	1. Trowel level.
	2. Verify moisture content in concrete substrate is within acceptable limits per the floor covering manufacturer.
	a. Conduct one (1) test for every 1000 SQFT of flooring per room or area in accordance with manufacturer's recommendation.
	b. Provide necessary measures to dry out the substrate in accordance with flooring manufacturer's recommendations and retest until acceptable moisture levels are obtained.


	D. Where tile flooring abuts other finish flooring materials and finished surfaces do not align, install and feather leveling compound for approximately 6 IN so that finished surfaces will align.

	3.2 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Floors to be free of all dust, paint, grease, oils, solvents, curing and hardening compounds, sealers and any other deleterious material which may affect the bonding of the adhesive used to install the floor coverings.
	C. Ensure recommended minimum installation temperatures are maintained before, during and after installation as required by the manufacturer.
	D. General:
	1. Apply primer and adhesive as recommended by manufacturer.
	2. Maintain minimum temperature of 68 DEGF for a minimum of 72 HRS prior to, during and after installation.

	E. Luxury Vinyl Tile:
	1. Lay in pattern selected by Engineer.
	2. Bond tile to floor, flush, tight, and in true alignment with adjacent tiles and with finished surface.
	3. Fit neatly into breaks and recesses, against walls, around pipes, and other obstructions.
	4. Install edging strips where tile edge is exposed or where flooring terminates.
	5. Lay out tile to avoid less than one-half tile at permanent perimeter walls.
	6. Perform any cutting or drilling of tile as required.
	7. Install accent strips in all door openings directly under door when in closed position.
	8. Roll entire floor.
	9. Immediately after application and rolling, remove surplus adhesive.

	F. Resilient Base:
	1. Install base after wall material has thoroughly dried out.
	2. Provide base at intersections of floor and all vertical surfaces in areas scheduled to receive base, where intersection is exposed to view.
	3. Set base straight and true.
	4. Fit into breaks and recesses.
	5. Provide factory-formed outside corners; miter inside corners.
	a. Make joints tight.
	b. Where door frames are inset in opening, provide factory formed outside corner returned to frame; trim flush with face of frame.

	6. Install with top level and bottom edge in firm contact with floor.

	G. Edging Strips, Reducers and Joiners:
	1. Provide edging, reducers and transitions as necessary for terminating flooring or transitioning to adjacent flooring materials.
	a. Profiles shall be ADA compliant.



	3.3 CLEANING
	A. Clean floors in accordance with manufacturer's recommendations.
	B. Prior to final acceptance, wash, wax and buff floors.
	1. After thorough cleaning, apply two (2) coats of wax recommended by flooring manufacturer.
	2. After each coat, buff floor.


	3.4 PROTECTION
	A. Protect with nonstaining, nonsticking building paper as may be necessary to prevent dirt and damage.
	B. Protect traffic areas with fiberboard or plywood laid over nonstaining, nonsticking building paper.


	STATIC DISSIPATIVE RESILIENT TILE FLOORING (SDRT)
	Part 1 - GENERAL
	1.1 Summary
	A. Furnish labor, materials, tools, equipment, and services for Static Dissipative Resilient Tile Flooring (SDRT), as indicated, in accordance with provisions of Contract Documents.
	B. Completely coordinate with work of other trades.

	1.2 QUALITY ASSURANCE
	A. Installer Qualifications:
	1. Manufacturer authorized or approved.

	B. Provide static dissipative adhesive, grounding strips, flooring and polish by one manufacturer.
	C. ASTM International (ASTM):
	1. ASTM E84 Standard Test Method for Surface Burning Characteristics of Building Materials
	2. ASTM F150 Standard Test Method for Electrical Resistance of Conductive and Static Dissipative Resilient Flooring
	3. ASTM E648 Standard Test Method for Critical Radiant Flux of Floor-Covering Systems Using a Radiant Heat Energy Source
	4. ASTM E662 Standard Test Method for Specific Optical Density of Smoke Generated by Solid Materials
	5. ASTM F970 Standard Test Method for Static Load Limit

	D. American National Standards Institute (ANSI):
	1. ANSI/ESD S7.1 Resistive Characterization of Materials - Floor Materials
	2. ANSI/ESD STM 97.2 Floor Materials and Footware - Voltage Measurement in Combination with a Person

	E. National Fire Protection Association (NFPA):
	1. NFPA 101 Life Safety Code
	2. NFPA 253 Standard Method of Test for Critical Radiant Flux of Floor Covering Systems Using a Radiant Heat Energy Source
	3. NFPA 258 Recommended Practice for Determining Smoke Generation of Solid Materials
	4. NFPA 270 Standard Test Method for Measurement of Smoke Obscuration Using a Conical Radiant Source in a Single Closed Chamber


	1.3 SUBMITTALS
	A. Shop Drawings:
	1. Coving details.

	B. Product Data:
	1. Certification of installer qualifications.

	C. Samples:
	1. Three samples of each material specified in Drawings.
	2. Full range of colors for Architect selection.

	D. Project Information:
	1. Field test report.
	2. Installation instructions.
	3. Manufacturer's certification of flooring tests by independent laboratory and compliant with required fire tests.
	4. Statements of compliance with quality assurance requirements.

	E. Contract Closeout Information:
	1. Warranty.
	2. Maintenance data:
	a. See Section 01 78 23.



	1.4 WARRANTY
	A. Provide written warranty signed jointly by Manufacturer, Installer, and Contractor:
	1. Warrant flooring to remain free of buckling, cracking, lifting, warping, shrinkage, change in color, loosening, disintegration, exuding of adhesives through joints to surfaces, or other defects for a period of five (5) years.



	Part 2 - PRODUCTS
	2.1 Manufacturers
	A. Static Dissipative Resilient Tile (SDRT):
	1. Basis of Design:
	a. Armstrong World Industries, Inc.

	2. Optional:
	a. Forbo Industries
	b. Polyflor, Ltd.


	B. Other manufacturers desiring approval comply with Section 01 25 13.

	2.2 Materials
	A. Static Dissipative Resilient Tile (SDRT):
	1. Basis of Design:  SDT Excelon Tile Flooring by Armstrong World Industries, Inc.
	2. Static load limit:  75 PSI.
	3. Dynamic coefficient of friction:  0.42 minimum.
	4. Comply with requirements of ASTM F1066, including but not limited to:
	a. Class 2 - Through-Pattern.
	b. Dimensional tolerance.
	c. Square-ness of manufacture.
	d. Resistance to indentation.
	e. Impact resistance.
	f. Dimensional stability.
	g. Resistance to chemicals.
	h. Resistance to heat.

	5. Size:  12 x 12 x 1/8 IN nominal.
	6. Critical radiant flux:  Class I, 0.45 W/cm2 minimum.
	7. Smoke developed:  450 or less.
	8. Flame spread:  75 maximum.
	9. Electrical resistance:  1,000,000 to 1,000,000,000 ohms.
	10. Static generation:
	a. <10 volts at 40 PCT relative humidity with ESD shoes
	b. <100 volts at 12 PCT relative humidity with ESD shoes.

	11. Static decay:  <0.5 seconds from 5,000 volts to 0.0 volts.
	12. Color and pattern:
	a. Refer to drawing color/finish schedule.


	B. Static Dissipative Adhesive:
	1. S-202 Static Dissipative Tile Adhesive by Armstrong World Industries, Inc.

	C. Static Dissipative Grounding Strips:
	1. Manufacturer’s standard copper ground connection strips.

	D. Static Dissipative Floor Polish:
	1. S-392 SDT Polish by Armstrong World Industries, Inc.

	E. Leveling Compound:
	1. Type recommended by tile manufacturer.

	F. Wall Base:
	1. Specified in Section 09 65 00.

	G. Joint Sealant:
	1. Provide at top of wall base or integral cove cap.
	2. Plastic filler as recommended by SDRT flooring manufacturer.

	H. Accessories:
	1. Transition strips and reducing strips tapered to meet abutting materials.
	2. Threshold of thickness and width as shown on drawings.
	3. Resilient edge strips, width as shown on drawings with gauge equal to flooring.
	a. Tapered edge.
	b. Color to match flooring.

	4. Metal edge strip:
	a. Concealed anchorage:  Butt-type metal edge strips.
	b. Material:  Extruded aluminum, mill finish.




	Part 3 - EXECUTION
	3.1 INSPECTION
	A. Examine surfaces for defects, irregularities and conditions under which flooring is to be installed.
	B. Verify substrates are dry, clean,  smooth and free of paint, varnish, solvents, wax, oils or foreign matter.
	C. Repair cracks and other surface defects.
	D. Verify floors are level or meet indicated slope.
	E. Do not proceed with installation until unsatisfactory conditions have been corrected.
	F. Installation constitutes acceptance of substrate and responsibility for performance.

	3.2 PREPARATION
	A. Coordinate installation with requirements of Concrete Floor Moisture Testing, and Water Vapor Emission Control with manufacturer’s publish requirements.
	B. Prepare substrate in accordance with manufacturer’s instructions.
	C. Fill construction joints and other non-moving joints with product approved by manufacturer of flooring system.
	D. Where Static Dissipative Resilient Tile Flooring abuts thicker finish flooring materials, feather leveling compound for approximately 12 IN for each 1/8 IN of rise to align finished surfaces.
	E. Coordinate leveling with vapor emission control system provider.

	3.3 INSTALLATION
	A. Provide installation under direct supervision of manufacturer's representative.
	B. Coordinate installation with other floor, wall and ceiling work.
	1. Do not start work until related work of other trades in same area has been completed.

	C. Mix and apply adhesive as recommended by manufacturer.
	D. Install continuous copper grounding strips set in adhesive where recommended by manufacturer for maximum static dissipative performance.
	1. Coordinate location of leads with equipment grounding conductor interface provided in Division 26.

	E. Install each tile fully bonded to floor and flush, tight and in true alignment with adjacent tiles, for finished surface free from imperfections.
	1. Fit flooring neatly into breaks and recesses, under casework, against walls, around pipes, and other installations and obstructions.
	2. Lay out tile in a manner to avoid tiles of less than 1/2 size.
	3. Install edging strips where edge of floor covering is exposed.
	a. Install accent strips in door openings, located directly under door when door is in closed position.


	F. Install tile flooring and base as scheduled for rooms under and behind equipment.
	G. Roll flooring using smooth roller.

	3.4 FIELD TESTING
	A. After installation, provide electrical resistance testing of completed floor under observation of Architect.
	1. Performed by factory representative in accordance with ANSI/ASTM F150.
	2. Perform one test per room per 2500 SQFT.


	3.5 CLEANING
	A. Clean floors as recommended by manufacturer just prior to occupancy.

	3.6 PROTECTION
	A. Provide non-staining protection for finished flooring until building is ready for occupancy.


	CARPET (BROAD LOOM)
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Direct glue down carpeting.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 09 65 00 - Luxury Vinyl Tile and Resilient Base.
	4. Section 09 68 13 – Carpet Tile (CPT)


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Association of Textile Chemists and Colorists (AATCC):
	a. 134, Electrostatic Propensity of Carpets.

	2. Americans with Disabilities Act (ADA):
	a. Accessibility Guidelines for Buildings and Facilities (ADAAG).

	3. ASTM International (ASTM):
	a. E648, Standard Test Method for Critical Radiant Flux of Floor-Covering Systems Using a Radiant Heat Energy Source.
	b. E662, Standard Test Method for Specific Optical Density of Smoke Generated by Solid Materials.

	4. The Carpet and Rug Institute (CRI):
	a. Carpet Installation Standard.

	5. National Fire Protection Association (NFPA):
	a. 258, Recommended Practice for Determining Smoke Generation of Solid Materials.

	6. U.S.  Department of Commerce (DOC):
	a. FF 1-70, Standard for the Surface Flammability of Carpets and Rugs.


	B. Qualifications:
	1. Installer shall have minimum of five (5) years installation experience of carpet type specified.

	C. Miscellaneous:
	1. Furnish only first quality materials.


	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.


	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Manufacturer's recommendations on leveling compound and adhesive.

	3. Certification of installer qualifications.

	B. Samples:
	1. Color swatches of carpet for color selection by Engineer.
	a. After initial color selection, and when requested by Engineer, provide two (2) 6 by 6 IN samples of each color and pattern selected.


	C. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Carpet:
	a. Patcraft.
	b. Bigelow.
	c. Lees Commercial Carpets.
	d. Milliken.
	e. J & J.

	2. Edging, and Reducers:
	a. Armstrong.
	b. Burke Flooring.
	c. Flexco.
	d. Johnsonite.
	e. Roppe.
	f. VPI.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Carpet Construction:
	1. Basis of Desighn:  Patcraft 10338 “Own It” Ultraloc Pattern.
	2. Construction:  Broad loom.
	3. Texture:  Multi-level pattern loop.
	4. Smoke developed:  ASTM E662, 450 maximum.
	5. Static rating:  AATCC 134, 3.0 kV maximum.
	6. Flammability:
	a. Meet NFPA 258 Class 1.
	b. Must pass DOC FF 1-70 Pill Test.

	7. Width:  12 FT.
	8. Rows:  10.0 per IN.
	9. Pile thickness:  0.141 IN.
	10. Fiber content:  Eco Solution Q SD Nylon.
	11. Solution dyed.
	12. Pile weight:  Minimum 22.0 OZ/SY.
	13. Backing:
	a. Primary – Woven Synthetic
	b. Secondary - Ultraloc


	B. Leveling Compound:  Noncrumbling, nonstaining type approved by carpeting manufacturer.
	C. Resilient Base:  Refer to Specification Section 09 65 00.
	D. Edging and Reducers:
	1. Thermoplastic vinyl.
	a. ASTM E648, Class 1 Fire Rated.



	2.3 MAINTENANCE MATERIALS
	A. Extra Materials:
	1. Furnish Owner with the following extra materials:
	a. 5 PCT additional carpet of each type, pattern and color with a minimum of 1 SQYD.

	2. Remnants and pieces are not acceptable as extra materials.



	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Verify all dimensions of area to receive carpet.
	B. Prime all floor areas to receive direct glued down carpet.

	3.2 INSTALLATION
	A. Install products in accordance with CRI Carpet Installation Standard.
	B. Install products direct glue down in accordance with manufacturer's instructions.
	C. Arrange seams symmetrically about centerline of rooms.
	D. Use minimum of cross seams or visible side seams.
	E. Lay so pile and pattern of adjacent pieces have same direction.
	F. Do not piece.
	G. Install in longest practicable lengths.
	H. Install lengthwise in corridors.
	I. Apply adhesive.
	J. Apply coating of edge sealer to seam edge of first width.
	K. Brush or roll looseness and air bubbles away from seam.
	L. Bind all seams with seam cement.
	M. Provide edging, reducers and transitions as necessary for terminating flooring or transitioning to adjacent flooring materials.
	1. Profiles shall be ADA compliant.


	3.3 CLEANING
	A. Remove any spillage of glue or adhesive from carpet.
	B. Clean carpet of all spots and remove all loose threads.
	C. Completely and thoroughly vacuum.

	3.4 PROTECTION
	A. Protect carpet using nonstaining Kraft paper or other suitable nonstaining covering.

	3.5 SCHEDULES
	A. Refer to drawings color/finish schedule for carpet type and color.


	CARPET TILE (CPT)
	Part 1 - GENERAL
	1.1 Summary
	A. Furnish labor, materials, tools, equipment, and services for Carpet Tile (CPT) in accordance with provisions of the Contract Documents.
	B. Completely coordinate with work of other trades.
	C. Refer to Specification Section 09 68 00 for broad loom carpet.

	1.2 QUALITY ASSURANCE
	A. Manufacturer Qualifications:
	1. Carpet manufacturer shall have no less than ten (10) years of production experience with carpet similar to type specified in this document; and whose published product literature clearly indicates compliance of products with requirements of this se...

	B. Contractor Qualifications:
	1. Firm with not less than five (5) years of successful carpeting experience similar to work of this section and recommended and approved by the carpet manufacturer.  Upon request, submit letter from carpet manufacturer stating certification qualifica...

	C. Installer Qualifications:
	1. Mill trained, skilled mechanics supervised by experienced superintendent with 50,000 yards experience.

	D. Single Source Responsibility:
	1. Provide product material by a single manufacturer for each carpet type specified.

	E. Fire and Smoke Compliance:
	1. Comply with DOC FF-1-70, standard for surface flammability of Carpets and Rugs.
	2.  Critical Radiant Flux, per ASTM E648 and NFPA 253:
	a. Class I, not less than 0.45 W/cm2.

	3. Smoke Developed:
	a. 450 or less per ASTM E662 / NFPA 258.


	F. Comply with DOC FF-1-70, standard for surface flammability of Carpets and Rugs.

	1.3 SUBMITTALS
	A. Samples:
	1. Three samples 12 IN 300 MM square of each material and color specified in Drawing I-001 Interior Notes and Finish Legend.

	B. Contract Closeout Information:
	1. Warranty.
	2. Maintenance data:
	a. See Section 01 78 23.



	1.4 WARRANTY
	A. Replace damaged or defective carpet or carpet stained by adhesives for a period of two (2) years.
	B. Warrant material will not degrade for fifteen (15) years due to following:
	1. Delamination from face structure, shrinkage or stretching affecting performance of face or backing structure or causing tile to curl or dome.
	2. Reduction of pile height by more than 15 PCT in any area.
	3. Colorfastness to normal light as measured by AATCC 16E.
	4. Normal atmospheric contaminates.
	5. Pulling out of nap.
	6. Edge ravel.

	C. Warranty to include removal, replacement carpet tiles, installation, and disposal of defective carpet tiles.


	Part 2 - PRODUCTS
	2.1 acceptable manufacturers
	A. Carpet Tile (CPT):
	1. Basis of Design:
	a. Milliken.


	B. Carpet Edging Strips:
	1. Base:
	a. Per manufacturer.


	C. Other manufacturers desiring approval comply with Section 01 25 13.

	2.2 materials
	A. Carpet Tile (CPT):
	1. First quality, no seconds or imperfects.
	2. Deliver with mill register numbers attached.
	3. Comply with applicable state and local codes.
	4. Antimicrobial;
	a. Broad spectrum efficacy against bacteria and fungus for the life of the product.


	B. Carpet Edging Strips:
	1. Base Product:  Carpet to Resilient Transition 170 by BurkeMercer.
	2. Thickness to match carpet.
	3. Color as selected by Architect.

	C. Leveling Compound:
	1. Non-crumbling, non-staining, cementitious type.
	2. Mix with latex milk not water.
	3. K-15 by Ardex or Ultraplan 1 Plus by Mapei.

	D. Patching Compound:
	1. Fill cracks, joints, holes or uneven areas with non-crumbling latex base floor filler.
	2. Acceptable Product:  LeveLastic by CMP Specialty Products.
	3. Do not mix with water.

	E. Adhesive:
	1. Non-staining, non-bleeding strippable type.
	2. As recommended by carpet manufacturer with VOC content no greater than 50 g/L.
	3. Allow removal of carpet without damage or adherence to carpet.

	F. Carpet Types:
	1. See material and color specified on drawings finish/color schedule.
	2. Carpet CPT-1:
	a. Yarn:  100 PCT first quality, bulk continuous filament nylon type 6.6 offering a construction and performance standards testing program by fiber producer.  Fiber shape to have maximum Modification Ratio of 1.5 for soil release capabilities.  Fiber ...
	b. Static Control:  By permanent means, i.e. antistatic filaments, and without chemical treatment, static generation below 3.5 kilovolts under standard conditions of 65 F 18 DEGC and 20 PCT relative humidity.  Electrostatic Propensity, Static delayed ...
	c. Construction:  Tufted textured loop.
	d. Dye Method:  Digital dye infused (DDI).
	e. Pile Weight:  Minimum 15 OZ/YD2 g/m2.
	f. Pile Thickness:  0.08 IN mm maximum.
	g. Backing:  PVC-free Well BAC comfort cushion.
	h. Resistance to Delamination:  ASTM D3936 minimum 3.0 LBS/IN 0.5 N/mm.
	i. Pile density minimum:  6500.
	j. Size:  9.85 IN x 39.4 IN.
	k. Colorfastness to light:  AATCC 16E, 80 AFU, International Gray Scale for Color Change rating minimum 4.
	l. Soil resistance:  Stainsmart.



	2.3 EXTRA MATERIAL
	A. Furnish Owner with minimum of five (5) percent additional material of each type, pattern and color for maintenance purposes.


	Part 3 - EXECUTION
	3.1 EXAMINATION
	A. Verify concrete floor surfaces are suitable for Carpet Tile installation.
	B. Coordinate installation with requirements of Concrete Floor Moisture Testing, and Water Vapor Emission Control with manufacturers published requirement.

	3.2 PREPARATION
	A. Clean areas to receive carpet tile.
	1. Strip waxes and finishes.
	2. Vacuum and wet mop.

	B. Layout:
	1. Arrange joints symmetrically at centerline of rooms.
	2. Lay and match adjacent tiles for pile and pattern directions.


	3.3 INSTALLATION
	A. Install carpet patterns in accordance to layouts indicated in Drawings.
	1. Develop templates as required.

	B. Comply with manufacturer's instructions and recommendations for seam locations, and lay of carpet pile.
	1. Do not mix dye lots in same area.
	2. Install carpet under open bottom items, removable flanges, furnishings, alcoves and closets.
	3. Install tight against walls, columns, cabinets and over recessed door closers.
	4. Butt edges tight without distortion.
	5. Where carpet tiles abut deeper finish flooring materials, feather leveling compound for approximately 12 IN 25 MM for each 1/8 IN 3 MM of rise so finished surfaces align.
	6. Fill or level floors at uneven areas with leveling compound and feather minimum 4 FT- 0 IN 1.2 m.
	7. Expansion joints:
	a. Do not bridge building expansion joints with continuous carpeting.
	b. Provide for movement.


	C. Install carpet edging strips, transition strips and reducer strips at non-carpeted floor surface.
	1. Conceal cut edges with protective edge guards or overlapping flanges.
	2. Score and trim narrow end of reducer strip to conform to adjacent floor finish.


	3.4 CLEAN
	A. Remove spots and  adhesive from face or seams in accordance with manufacturer recommendations.
	B. Vacuum using pile lifter.
	C. Advise Owner regarding care and maintenance.


	ARCHITECTURAL PAINTING
	Part 1 - GENERAL
	1.1 SUMMARY
	A. General:
	1. Refer to Section 09 96 60 for:
	a. Items in chemical storage, unloading, and feed area.

	2. Refer to Section 09 91 00 for:
	a. All other non-architectural painting, including but not limited to:
	1) Items subject to immersion service.
	2) Items subject to extior exposure.
	3) Any other locations where High Performance Industrial Coatings (HPIC) are required or indicated.



	B. Section Includes:
	1. Surface Preparation.
	2. Field application of:
	a. Architectural Coatings.
	b. Special Coatings.
	c. Stains and varnishes.
	d. Any other coating, thinner, accelerator, inhibitor, etc., specified or required as part of a complete System specified in this Specification Section.

	3. Environmental controls for field application of coatings.

	C. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 - General Requirements.
	3. Division 03 - Concrete.
	4. Division 04 - Masonry.
	5. Section 05 52 05 - Steel Railings.
	6. Section 07 84 00 - Firestopping.
	7. Section 08 11 00 - Metal Doors and Frames.
	8. Section 09 29 00 - Gypsum Board.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. D523, Standard Test Method for Specular Gloss.
	b. D4258, Standard Practice for Surface Cleaning Concrete for Coating.
	c. D4259, Standard Practice for Abrading Concrete.
	d. D4261, Standard Practice for Surface Cleaning Concrete Unit Masonry for Coating.
	e. D4262, Standard Test Method for pH of Chemically Cleaned or Etched Concrete Surfaces.
	f. D4263, Standard Test Method for Indicating Moisture in Concrete by the Plastic Sheet Method.
	g. F1869, Standard Test Method for Measuring Moisture Vapor Emission Rate of Concrete Subfloor Using Anhydrous Calcium Chloride.
	h. E84, Standard Test Method for Surface Burning Characteristics of Building Materials.

	2. National Fire Protection Association (NFPA):
	a. 101, Life Safety Code.

	3. Steel Door Institute/American National Standards Institute (SDI/ANSI):
	a. A250.10, Test Procedure and Acceptance Criteria For Prime Painted Steel Surfaces for Steel Doors and Frames.

	4. The Society for Protective Coatings (SSPC):
	a. SP 1, Solvent Cleaning.
	b. SP 2, Hand Tool Cleaning.
	c. SP 3, Power Tool Cleaning.
	d. SP 16, Brush-off Blast Cleaning of Coated and Uncoated Galvanized Steel, Stainless Steels, and Non-Ferrous Metals.

	5. The Society for Protective Coatings/NACE International (SSPC/NACE):
	a. SP 6/NACE No. 3, Commercial Blast Cleaning.
	b. SP 7/NACE No. 4, Brush-off Blast Cleaning.
	c. SP 13/NACE No. 6, Surface Preparation of Concrete.

	6. United States Environmental Protection Agency (EPA).

	B. Miscellaneous:
	1. Coating used in all corridors and stairways shall meet requirements of NFPA 101 and ASTM E84.

	C. Mock-Ups:
	1. Erect a sample wall, minimum 8 FT high x 8 FT long, of substrate, surface preparation and coating specified.
	a. Provide mockups for the following:
	1) Special Coatings.
	2) Logos and graphics as shown on the drawings.


	2. Acceptance of sample wall will define minimum level of quality of workmanship acceptable for the Project.
	3. Acceptance of sample wall does not constitute approval of deviations from the Contract Documents.


	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	B. Approved Factory Finish:  Finish on a product in compliance with the finish specified in the Specification Section where the product is specified.
	C. Exposed Exterior Surface:
	1. Exterior surface which is exposed to view.
	2. Exterior surface which is exposed to weather but not necessarily exposed to view.

	D. Finished Area:
	1. An area that is listed in or has finish called for on Room Finish Schedule.
	2. An area that is indicated on Drawings to be painted.

	E. Gloss Range:
	1. Specular gloss measured in accordance with ASTM D523:
	a. Flat:  Below 15, at 60 DEG.
	b. Eggshell:  Between 20 and 35, at 60 DEG.
	c. Semi-gloss:  Between 35 and 70, at 60 DEG.
	d. Gloss:  More than 70, at 60-degrees.


	F. Paint includes the following:
	1. Architectural paints (AP) include:  Acrylic latex or alkyd enamel coatings.
	2. Special coatings (SC) include:  Water-based pigmented resin particles suspended in acrylic latex solution.
	3. Stains and varnish include:  Alkyd stain and polyurethane varnish.


	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's surface preparation instructions.
	c. Manufacturer's application instructions.


	B. Samples:
	1. Manufacturer's full line of colors for Engineer's preliminary color selection.
	2. Gloss samples.
	3. After preliminary color selection by Engineer provide two (2) 8 by 10 IN samples of each final color and sheen selected.

	C. Informational Submittals:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Test results.
	3. Applicator's daily records:
	a. Submit daily records at end of each week in which painting work is performed unless requested otherwise by Engineer's on-site representative.



	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Deliver in original containers, labeled as follows:
	1. Name or type number of material.
	2. Manufacturer's name and item stock number.
	3. Contents, by volume, of major constituents.
	4. Warning labels.
	5. VOC content.

	B. Store materials in tightly covered containers in well-ventilated areas with ambient temperatures continuously maintained at not less than 45 DEGF.

	1.6 PROJECT CONDITIONS
	A. Verify that atmosphere in area where painting is to take place is within paint manufacturer's acceptable temperature, humidity and sun exposure limits.
	1. Provide temporary heating, shade and/or dehumidification as required to bring area within acceptable limits.
	a. Provide temporary dehumidification equipment properly sized to maintain humidity levels required by paint manufacturer.
	b. Provide clean heat with heat exchanger type equipment sufficient in size to maintain temperature on a 24 HR basis.
	1) Vent exhaust gases to exterior environment.
	2) No exhaust gases shall be allowed to vent into the space being painted or any adjacent space.


	2. Do not apply coatings in snow, rain, fog or mist.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Provide products from a single manufacturer to the greatest extent practicable.
	B. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Architectural paints:
	a. Benjamin Moore.
	b. PPG Industries.
	c. Pratt & Lambert.
	d. Sherwin Williams.
	e. Tnemec.

	2. Stains and varnish:
	a. Benjamin Moore.
	b. PPG Industries.
	c. Pratt & Lambert.
	d. Sherwin Williams.


	C. No like, equivalent or "or-equal" item or substitution is permitted.
	D. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. General:
	1. For unspecified materials such as thinner, provide manufacturer's recommended products.
	2. Unless noted otherwise, products listed are manufactured by the manufacturer listed below.
	a. Products of other manufacturers will be considered for use provided that the product:
	1) Is of the same generic formulation.
	2) Has comparable application requirements.
	3) Meets the same VOC levels or better.
	4) Provides the same finish and color options.


	3. Coatings shall comply with the VOC limits of EPA.
	4. Colors:
	a. Colors and gloss will be selected from the manufacturer’s complete offering, including special colors and premium offerings.


	B. Architectural Paints:
	1. Product List:

	C. Stains and Varnishes:
	1. Product List:


	2.3 paint systems:
	A. General:
	1. Refer to Specification Section 09 91 10 for:
	a. Items in corrosive or highly corrosive environments.
	b. Items subject to immersion service.
	c. Items subject to exterior  exposure.
	d. Any other locations where High Performance Industrial Coatings (HPIC) are required, or indicated.

	2. Refer to Section 09 96 60 for:
	a. Items in Chemical Storage, unloading, and feed area.


	B. Schedule:


	Part 3 - EXECUTION
	3.1 ITEMS TO BE PAINTED
	A. Exterior surfaces, including but not limited to:
	1. Concrete:
	a. Where indicated on Drawings.

	2. Concrete masonry:
	a. Where indicated on Drawings.

	3. Structural steel:
	a. Columns, beams and bracing.
	b. Field welded connections of factory painted structural steel.

	4. Steel railings.
	5. Galvanized steel railings.
	6. Miscellaneous ferrous metal surfaces:
	a. Pipe Bollards.
	b. Embed Plates.
	c. Loose lintels.
	d. Items specifically noted on Drawings to be painted.

	7. Miscellaneous galvanized steel surfaces:
	a. Pipe Bollards.
	b. Embed Plates.
	c. Loose lintels.
	d. Steel components of concrete lintels.
	e. Items specifically noted on Drawings to be painted.

	8. Doors and frames:
	a. Hollow metal doors and frames.


	B. Interior Areas:
	1. Refer to Room Finish Schedule on Drawings.
	a. If space is scheduled to be painted, paint all appurtenant surfaces within the space unless specifically noted otherwise.
	b. Provide coating manufacturer’s recommended bonding primer.
	c. Appurtenant surfaces include but are not limited to:
	1) Columns, beams, bracing, structural framing memebers, and similar components.
	2) Underside of roof or floor decks above.
	3) Conduit, boxes, covers and supports.
	4) Ductwork, duct insulation and duct supports.
	5) Piping, pipe insulation and jacketing.
	6) Miscellaneous ferrous metal surfaces.


	2. Concrete walls and columns.
	3. Concrete masonry.
	4. Doors and frames:
	a. Hollow metal doors and frames



	3.2 ITEMS NOT TO BE PAINTED
	A. General:  Do not paint items listed in this Article, unless noted otherwise.
	B. Items with Approved Factory Finish:  These items may require repair of damaged painted areas or painting of welded connections.
	C. Electrical equipment.
	D. Moving parts of mechanical and electrical units where painting would interfere with the operation of the unit.
	E. Code labels, equipment identification or rating plates and similar labels, tagging and identification.
	F. Contact surfaces of friction-type structural connections.
	G. Stainless steel surfaces.
	H. Aluminum Surfaces Except:
	1. Where specifically shown in the Contract Documents.
	2. Where in contact with concrete.
	3. Where in contact with dissimilar metals.
	4. Appurtenant surfaces as described in the ITEMS TO BE PAINTED article.

	I. Fiberglass Surfaces Except:
	1. Fiberglass piping where specifically noted to be painted.
	2. Piping supports where specifically noted to be painted.
	3. Appurtenant surfaces as described in the ITEMS TO BE PAINTED article.

	J. Galvanized steel items, unless specifically noted to be painted.
	K. Architectural finishes:
	1. Exterior concrete indicated to receive another finish.
	2. Precast concrete surfaces, unless specifically indicated to be painted.
	3. Prefinished masonry surfaces:
	a. Precolored masonry (exterior face).
	1) Interior face shall be painted where scheduled.

	b. Burnished (ground face) concrete masonry.
	c. Prefaced masonry.
	d. Face brick.
	e. Glass masonry.

	4. Plastic laminate.
	5. Solid surface material.
	6. Standing and running trim.
	7. Fiberglass fabrications.
	8. Anodized aluminum.
	9. PVDF coated metals.
	10. Factory finished doors and frames.
	11. Aluminum windows, curtainwall and storefront framing systems.
	12. Finish hardware.
	13. Glass and glazing.
	14. Ceramic, porcelain, quarry tile or natural stone.
	15. Acoustical materials.
	16. Building specialties.
	17. Louvers.
	18. Casework and countertops.
	19. Pipe insulation and jacketing.
	20. Standing seam metal roof, fascia, trim, soffit and accessories.


	3.3 EXAMINATION
	A. Concrete:
	1. Test pH of surface to be painted in accordance with ASTM D4262.
	a. If surface pH is not within paint manufacturer's required acceptable range, use methods acceptable to paint manufacturer as required to bring pH within acceptable range.
	b. Retest pH until acceptable results are obtained.

	2. Verify that moisture content of surface to be painted is within paint manufacturer's recommended acceptable limits.
	a. Test surface to be coated in accordance with ASTM D4263 to determine the presence of moisture.
	1) If moisture is detected, test moisture content of surface to be coated in accordance with ASTM F1869.
	2) Provide remedial measures as necessary to bring moisture content within paint manufacturer’s recommended acceptable limits.
	3) Retest surface until acceptable results are obtained.



	B. Concrete Unit Masonry:
	1. Test pH of surface to be painted in accordance with ASTM D4262.
	a. If surface pH is not within paint manufacturer's required acceptable range, use methods acceptable to paint manufacturer as required to bring pH within acceptable limits.
	b. Retest pH until acceptable results are obtained.

	2. Verify that moisture content of surface to be painted is within paint manufacturer's recommended acceptable limits.
	a. Test surface to be coated in accordance with ASTM D4263 to determine the presence of moisture.
	1) If moisture is detected, test moisture content of surface to be coated in accordance with ASTM F1869.
	2) Provide remedial measures as necessary to bring moisture content within paint manufacturer’s recommended acceptable limits.
	3) Retest surface until acceptable results are obtained.




	3.4 PREPARATION
	A. General:
	1. Prepare surfaces to be painted in accordance with paint manufacturer's instructions and this Specification Section unless noted otherwise in this Specification Section.
	a. Where discrepancy between paint manufacturer's instructions and this Specification Section exists, the more stringent preparation shall be provided unless approved otherwise, in writing, by the Engineer.

	2. Remove all dust, grease, oil, compounds, dirt and other foreign matter which would prevent bonding of paint to surface.
	3. Adhere to manufacturer's recoat time surface preparation requirements.
	a. Surfaces that have exceeded paint manufacturer's published recoat time and/or have exhibited surface chalking shall be prepared prior to additional paint in accordance with manufacturer's published recommendations.


	B. Protection:
	1. Protect surrounding surfaces not to be coated.
	2. Remove and protect hardware, accessories, plates, fixtures, finished work, and similar items; or provide ample in-place protection.
	3. Protect code labels, equipment identification or rating plates and similar labels, tagging and identification.

	C. Prepare and paint before assembly all surfaces which are inaccessible after assembly.
	D. Existing Surfaces:
	1. Wherever existing work is cut, patched or modified; repair and repaint to match new work.
	2. Where a wall or ceiling is disturbed and patched, paint entire wall or ceiling.

	E. Wood:
	1. Sandpaper smooth, remove dust.
	2. Opaque Finishes:
	a. Seal all knots, pitch and resinous sapwood after prime coat has dried.
	b. Putty holes and imperfections; sand smooth.

	3. Transparent Finishes:
	a. Treat wood with compatible wash-coat prior to stain application.
	b. Putty holes and imperfections to match wood color; sand smooth.


	F. Ferrous Metal:
	1. Complete fabrication, welding or burning before beginning surface preparation.
	a. Chip or grind off flux, spatter, slag or other laminations left from welding.
	b. Remove mill scale.
	c. Grind smooth rough welds and other sharp projections.

	2. Solvent clean in accordance with SSPC SP 1 to remove all dust, grease, oil, compounds, dirt and other foreign matter.
	3. Exterior exposure:
	a. Commercial blast clean in accordance with SSPC SP 6/NACE No. 3.

	4. Interior exposure:
	a. Hand tool cleaning in accordance with SSPC SP 2 and/or power tool cleaning in accordance with SSPC SP 3.


	G. Hollow Metal:
	1. Solvent clean in accordance with SSPC SP 1 to remove all dust, grease, oil, compounds, dirt and other foreign matter.
	2. Lightly sand primed surfaces with fine grit sandpaper as recommended by hollow metal manufacturer.

	H. Galvanized Steel and Non-ferrous Metals:
	1. Solvent clean to remove all dust, grease, oil, compounds, dirt and other foreign matter.
	2. Brush-off blast in accordance with SSPC SP 16 or hand tool cleaning in accordance with SSPC SP 2 to remove surface contaminants.

	I. Gypsum Wallboard:
	1. Repair minor irregularities left by finishers.
	2. Avoid raising nap of paper face on gypsum wallboard.
	3. Verify moisture content is less than 8 PCT before painting.
	4. After application of prime coat and between subsequent coats, inspect surface and repair holes, dents, irregularities or other defects as necessary to provide a smooth, uniform finish.

	J. Concrete:
	1. Cure for minimum of 28 days.
	2. Clean in accordance with ASTM D4258.
	a. Remove all soil, grease, oil, or other surface contaminants.

	3. Grind fins and protrusions in accordance with ASTM D4259, flush to plane of wall.
	4. Abrasive blast in accordance with ASTM D4259 and SSPC SP13/NACE No. 6.
	a. Remove all laitance, efflorescence, scabbing and other foreign matter.
	b. Provide minimum concrete surface profile CSP 3 per ICRI 310.2.

	5. Test pH and moisture content in accordance with EXAMINATION article in this specification section.
	6. Repair tie holes, voids, bugholes or other surface defects as necessary to provide smooth, uniform surface.

	K. Concrete Unit Masonry:
	1. Cure for minimum of 28 days.
	2. Remove all mortar spatters and protrusions.
	3. Clean in accordance with ASTM D4261.
	a. Remove all soil, grease, oil, efflorescence.

	4. Test pH and moisture content in accordance with EXAMINATION article in this specification section.


	3.5 APPLICATION
	A. General:
	1. Thin, mix and apply paints in accordance with manufacturer's installation instructions.
	a. Where discrepancy exists between manufacturer’s instructions and this Specification Section, the more stringent requirement shall apply.
	b. When materials have been thinned, adjust application rates as necessary to achieve film coverage indicated in Part 2 for unthinned materials.
	c. Backroll spray applied paints.

	2. Temperature and weather conditions:
	a. Do not paint surfaces when surface temperature is below 50 DEGF unless product has been formulated specifically for low temperature application and application is approved in writing by Engineer and paint manufacturer's authorized representative.
	b. Avoid painting surfaces exposed to hot sun.
	c. Do not paint on damp surfaces.

	3. Apply materials under adequate illumination.
	4. Evenly spread to provide full, smooth coverage.
	a. All paint systems are "to cover."
	1) When color or undercoats show through, apply additional coats until paint film is of uniform finish and color.

	b. Finished paint system shall be uniform and without voids, bugholes, holidays, laps, brush marks, roller marks, runs, sags or other imperfections.

	5. If so directed by Engineer, do not apply consecutive coats until Engineer has had an opportunity to observe and approve previous coats.
	6. Work each application of material into corners, crevices, joints, and other difficult to work areas.
	7. When painting rough surfaces, hand brush and backroll paint to work into all recesses.
	8. Smooth out runs or sags immediately, or remove and recoat entire surface.
	9. Allow preceding coats to dry before recoating.
	a. Recoat within time limits specified by paint manufacturer.
	b. If recoat time limits have expired re-prepare surface in accordance with paint manufacturer's printed recommendations.

	10. Allow coated surfaces to cure prior to allowing traffic or other work to proceed.
	11. Finish colors not otherwise indicated shall be selected by Engineer from paint manufacturer’s complete offering.

	B. Fillers, surfacers or patching compounds:
	1. Provide fillers, surfacers or patching compounds in accordance with manufacturer’s recommendations and as specified herein as necessary to provide a smooth, defect free substrate.

	C. Prime Coat Application:
	1. Prime all surfaces indicated to be painted.
	a. Apply prime coat in accordance with paint manufacturer's written instructions and as written in this Specification Section.

	2. Ensure field-applied paints are compatible with factory-applied paints or existing coatings.
	a. Employ services of coating manufacturer's qualified technical representative.
	1) Certify through material data sheets.
	2) Perform test patch.

	b. If field-applied coating is found to be not compatible, require the coating manufacturer's technical representative to recommend, in writing, product to be used as barrier coat, thickness to be applied, surface preparation and method of application.
	c. At Contractor's option, coatings may be removed, surface re-prepared, and new coating applied using appropriate paint system listed in the MATERIALS Article, Paint Systems paragraph of this Specification Section.
	1) All damage to surface as result of coating removal shall be repaired to original condition or better by Contractor at no additional cost to Owner.


	3. Special coatings prime coat application:
	a. Prime new gypsum board surfaces using sealer as recommended by manufacturer.
	1) Apply at rate per manufacturer’s recommendation.

	b. Prime and fill new concrete and masonry using sealer coat as recommended by manufacturer followed by modified epoxy filler as specified.
	c. Prime filled concrete and masonry surfaces with primer at rates and as recommended by manufacturer.

	4. Back prime all wood scheduled to be painted, prior to installation.
	5. Touch up damaged primer coats prior to applying finish coats.
	a. Restore primed surface equal to surface before damage.


	D. Wood to Receive Stain and Varnish:
	1. Apply wash coat uniformly to wood at manufacturer’s recommended application rates.
	2. Apply wood stain per manufacturer’s instructions.

	E. Finish Coat Application:
	1. Apply finish coats in accordance with paint manufacturer's written instructions and in accordance with this Specification Section.
	2. Touch up damaged finish coats using same application method and same material specified for finish coat.
	a. Prepare damaged area in accordance with the PREPARATION Article of this Specification Section.

	3. Hollow metal frames and doors:
	a. Finish coats shall be spray applied only.
	b. Finish edges same as faces of doors.

	4. Varnish:
	a. Apply first coat of varnish:  Gloss.
	1) Allow to dry a minimum of 48 HRS.

	b. Apply second and third coats of varnish:  Satin.
	1) Allow a minimum of 48 HRS between each coat.

	c. Lightly sand between coats as required and remove dust.



	3.6 FIELD QUALITY CONTROL
	A. Application Deficiencies:
	1. Surfaces showing runs, laps, brush marks, telegraphing of surface imperfections or other defects will not be accepted.
	2. Surfaces showing evidence of fading, chalking, blistering, delamination or other defects due to improper surface preparation, environmental controls or application will not be accepted.

	B. Provide protection for painted surfaces.
	1. Surfaces showing soiling, staining, streaking, chipping, scratches, or other defects will not be accepted.

	C. Maintain Daily Records:
	1. Record the following information during application of each coat of paint applied:
	a. Date, starting time, end time, and all breaks taken by painters.
	b. For exterior painting:
	1) Sky condition.
	2) Wind speed and direction.

	c. Air temperature.
	d. Relative humidity.
	e. Moisture content and surface temperature of substrate prior to each coat.
	f. Provisions utilized to maintain work area within manufacturer's recommended application parameters including temporary heating, ventilation, cooling, dehumidification and provisions utilized to mitigate wind blown dust and debris from contaminating...
	g. Record environmental conditions, substrate moisture content and surface temperature information not less than once every four (4) hours during application.
	1) Record hourly when temperatures are below 50 DEGF or above 100 DEGF.


	2. Record the following information daily for the paint manufacturer's recommended curing period:
	a. Date and start time of cure period for each item or area.
	b. For exterior painting:
	1) Sky conditions.
	2) Wind speed and direction.

	c. Record environmental conditions not less than once every 12 HRS.
	1) Record once every 4 HRS when ambient temperature is below 35 DEGF.

	d. Provisions utilized to protect each item or area and to maintain areas within manufacturer's recommended curing parameters.

	3. Format for daily record to be computer generated.

	D. Measure surface temperature of items to be painted with surface temperature gage specifically designed for such.
	E. Measure substrate humidity with humidity gage specifically designed for such.
	F. Provide wet paint signs.

	3.7 CLEANING
	A. Clean paint spattered surfaces.
	1. Use care not to damage finished surfaces.

	B. Remove masking, adhesive residue or other foreign materials.
	C. Upon completion of painting, replace hardware, accessories, plates, fixtures, and similar items.
	D. Remove surplus materials, scaffolding, and debris.
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	1) Wildflower Meadow
	2) Permeable Pavers
	3) Cistern
	4) Water Wise Plants
	5) Bioswale
	A. Each waterwise plant or any plant at the Owner or Engineer’s request should be labeled with silver-tone (or other) rounded rectangular plaques made from 24-gauge 304 stainless steel or other weather hardy material. Size 4”x2”or 6”x4”.
	B. Plants must be labeled with approved common names and scientific names.
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	SOLID POLYMER HDPE TOILET PARTITIONS
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Furnish labor, materials, tools, equipment, and services for Solid Polymer (HDPE) Toilet Partitions, as indicated, in accordance with provisions of Contract Documents.
	B. Completely coordinate with work of other trades.

	1.2 QUALITY ASSURANCE
	A. NFPA 286 Standard Methods of Fire Tests for Evaluating Contribution of Wall and Ceiling Interior Finish to Room Fire Growth.
	B. U.S.  Department of Justice ADA Standards for Accessible Design.
	C. ICC/ANSI 117.1:  Accessible and Usable Buildings and Facilities.  International Code Council and American National Standard Institute.

	1.3 SUBMITTALS
	A. Shop Drawings:
	1. Drawings including room layout, component sizes and dimensions.
	2. Attachment details and coordination with adjacent work.

	B. Product Data:
	1. Manufacturers’ product data sheets and details for Solid Polymer Toilet Partitions, components and accessories.

	C. Samples:
	1. 2 IN x 2 IN sample of each color and finish as noted in Drawing I-001 Interior Notes and Finish Legend.



	Part 2 - PRODUCTS
	2.1 MANUFACTURERS:
	A. Solid Polymer (HDPE) Toilet partitions:
	1. Base:
	a. ASI Global Partitions

	2. Optional:
	a. Accurate Partitions
	b. Ampco by AJW
	c. General Partitions Manufacturing Corporation
	d. Scranton Products


	B. Other manufacturers desiring approval comply with Section 01 25 13.

	2.2 MATERIALS
	A. Base Product:  Solid Plastic Partitions by ASI Global Partitions
	B. Stall Construction:
	1. Ceiling-hung
	2. Fire resistant, high-density polyethylene (HDPE) with consistent color throughout
	3. NFPA 286 compliant.
	4. Seamless, non-laminated panels, with 1/4 IN eased edges
	5. Minimum Component Thicknesses:  1 IN
	6. Panel Height:  55 IN high
	a. Mounting Height:   IN AFF to top

	7. Texture:  Pebble Grained
	8. Color:  To be selected by Architect from manufacturer’s full line.

	C. Doors:
	1. For 32 IN or wider standard stalls:  Minimum 26 IN wide
	2. For standard stalls less than 32 IN wide:  Minimum 24 IN wide
	3. For accessible stalls:
	a. Minimum 32 IN clear opening
	b. Self-closing


	D. Pilasters:
	1. Adjustable hanger and/or leveling bolts
	2. Floor-mounted / Overhead-braced:
	a. Secure pilaster to floor with minimum of 2 lead expansion shields and anchor screws.
	b. Overhead brace:
	1) Continuous anti-grip aluminum tube, minimum 1/8 IN wall thickness, clear anodized
	2) Install brace at 82 IN AFF

	c. Securely attach brace to top of each pilaster and to wall
	d. Provide shoes at each pilaster


	E. Urinal Screens:
	1. Wall-hung:
	a. Size:
	1) 18 IN x 42 IN

	b. Same construction and finish as toilet compartments
	c. Continuous, double-flanged wall bracket


	F. Pilaster shoes:
	1. AISI Type 302/304 18-8 stainless steel
	2. 20 GA, 3 IN high

	G. Panel Connectors:
	1. Manufacturer's heavy-duty stirrup brackets:
	a. Type 302 stainless steel


	H. Operational Hardware:
	1. Material/Finish:  Chromium plated brass or US32D stainless steel.
	2. Slide Latch:
	a. ADA compliant

	3. Strike:
	a. Wrap around strike/keeper
	b. Integral bumper

	4. Door pull:
	a. ADA compliant


	I. Bumper coat hook:
	1. Rubber tipped combination bumper and coat hook.
	2. Provide one for each compartment.

	J. Hinges:
	1. Self-closing, helical continuous hinges
	2. Stainless steel
	3. Tamper-resistant fasteners

	K. Toilet Accessories:  See Section 10 28 13.
	L. Anchorages and fasteners:
	1. Exposed fasteners:
	a. Tamper-resistant, stainless steel or brass
	b. Finish:  match hardware

	2. Concealed anchors:
	a. Hot dip galvanized steel
	b. ASTM A385



	2.3 FABRICATION
	A. Verify dimensions in field prior to fabrication.
	B. Pre-assemble units in shop to greatest extent possible to minimize field cutting and assembly of units.
	C. Provide concealed reinforcement for installation of hardware, fittings, brackets, and required accessories.
	D. Exposed metal and hardware finishes:
	1. Stainless steel:
	a. ASTM A480, bright polished finish No. 4; or
	b. ANSI/BHMA-A156.18, Code 629; to match US32.

	2. On brass, bronze and steel:
	a. ASTM B456, SC-2 bright chromium plated over nickel plating; or
	b. ANSI/BHMA-A156.18, Code 625 on brass and bronze, Code 651 on steel; to match US26.

	3. Aluminum:
	a. AA-M12C22A31 clear satin anodized; or
	b. ANSI/BHMA-A156.18, Code 628; to match US28.




	Part 3 - EXECUTION
	3.1 INSPECTION
	A. Verify suitability of substrate to accept installation.
	B. Verify that adequate Wall Backing has been installed.
	1. Metal Wall Backing:  Specified in Section 09 22 16.
	2. Coordinate and direct installation at locations required for Toilet Partitions and accessories.

	C. Correct unsatisfactory conditions.
	D. Installation constitutes acceptance of responsibility for performance.

	3.2 INSTALLATION
	A. Install partitions rigid, straight, plumb, and level, to indicated layout and according to manufacturer’s installation requirements.
	B. Clearances:
	1. Between pilasters and panels:  Maximum 1/2 IN.
	2. Between panels and walls:  Maximum 1 IN.
	3. Between doors and pilasters:  Maximum 3/16 IN.
	4. Between floor and bottom of panels:  12 IN.

	C. Secure to walls with minimum of 2 stirrup brackets near top and bottom of panel.
	1. Locate brackets so holes occur in masonry or tile joints.
	2. Use manufacturer's recommended anchoring devices, as indicated on shop drawings.

	D. Ceiling-hung partitions:
	1. Secure pilasters to supporting structural framing with specified anchorage device.
	2. Level, plumb, and tighten.
	3. Set bottoms of all necessary closed doors level with bottom of pilaster.
	4. Provide support framing to install ceiling hung partitions.

	E. Urinal Screens:
	1. Provide wall channels, wall plates and studs as recommended by manufacturer to suit wall construction.
	2. Set units in accordance with manufacturer's instructions to support units and resist impact.


	3.3 ADJUST AND CLEAN
	A. Adjust and lubricate hardware for proper operation after installation.
	1. Set hinges on in-swing doors to hold unlatched doors open approximately 30 DEG.
	2. Set hinges on out-swing doors to return to fully closed position.

	B. Replace damaged work as directed.
	C. Perform final adjustments just prior to final inspection.
	D. Clean exposed surfaces, hardware, fittings and accessories and touch up minor scratches and other imperfections using materials and methods recommended by manufacturer.


	TOILET AND BATH ACCESSORIES
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Toilet and bath accessories.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 10 21 14 - Solid Polymer HDPE Toilet Partitions.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Americans with Disabilities Act (ADA):
	a. Accessibility Guidelines for Buildings and Facilities (ADAAG).

	2. ASTM International (ASTM):
	a. A269, Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing for General Service.
	b. A480, Standard Specification for General Requirements for Flat-Rolled Stainless and Heat-Resisting Steel Plate, Sheet, and Strip.



	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Manufacturer's recommendation on fasteners.

	3. Schedule of items being provided for each room.  Reference rooms using room number designated on Drawings.
	4. Catalog cut sheet of each item proposed.

	B. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.



	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Deliver products in manufacturer's original packaging.
	B. Store materials in a dry, conditioned location, until ready for installation.


	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Product numbers scheduled are manufactured by Bobrick.
	B. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. American Specialties, Inc.
	2. Bobrick.
	3. Bradley Corp.

	C. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Toilet Accessories:
	1. General:  ASTM A480, stainless steel.
	2. Grab bars:  ASTM A269, stainless steel.

	B. Anchoring Devices:
	1. Stainless steel.


	2.3 FABRICATION
	A. Toilet Accessories:
	1. General:
	a. Satin finish.
	b. Items shall meet design requirements of ADA.

	2. Grab bars:
	a. Concealed mounting.
	b. 3 IN DIA flange.
	c. 1-1/2 IN OD.
	d. Peened finish on gripping surface.


	B. Anchoring Devices:
	1. Designed to withstand minimum concentrated load of 250 LB applied at any point on grab bar.



	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Verify adequate backing has been provided in wall or toilet partition.
	1. See Specification Section 10 21 14.


	3.2 INSTALLATION
	A. Install in accordance with manufacturer's instruction and in accordance with ADA.
	B. Install in locations indicated on Drawings.
	C. Mount all items using manufacturer's recommended anchorage devices for the substrate to which the accessory is to be mounted.

	3.3 SCHEDULE
	A. See Drawings for locations.
	B. Model numbers indicated are Bobrick, unless noted otherwise.
	1. TA-1:  Robe Hook - B-6727.
	2. TA-2:  Toilet Tissue Dispenser (double non-controlled) - B-2740.
	3. TA-3:  Not used.
	4. TA-4:  Not used.
	5. TA-5:  Not used.
	6. TA-6:  Paper Towel Dispenser - B-262.
	7. TA-7:  Waste Receptacle - B-279.
	8. TA-8:  Liquid Soap Dispenser - B-2112.
	9. TA-9:  Mop and Broom Rack - B-223 x 36 IN.
	10. TA-10:  Shower Curtain Rod - B-6047 length required.
	11. TA-11:  Soap Dish - B-4380 or 438 as required for wall construction.
	12. TA-12:  Mirror - B-290 x size indicated on Drawings.
	13. TA-13:  NOT USED.
	14. TA-14:  Metal Shelf - B-295 x 24 IN.
	15. TA-15:  Towel Bar - B-5806.99 x 24 IN.
	16. TA-16:  Not used.
	17. TA-17:  Shower curtains - 204-3 with 204-1 hooks as necessary.
	18. TA-18:  Grab Bar - B-6806.99 x length indicated on Drawings.
	19. TA-19:  Grab Bar - B-6893.99 (52 IN horizontal).
	20. TA-20:  Not used.
	21. TA-21:  Not used.



	FIRE PROTECTION SPECIALTIES
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Portable fire extinguishers.
	2. Fire extinguisher cabinets.

	B. Related Specification Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 05 50 00 - Metal Fabrications.
	4. Section 21 05 00 - Common Work Results for Fire Suppression.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. Americans with Disabilities Act (ADA):
	a. 2010 ADA Standards for Accessible Design.

	2. National Fire Protection Association (NFPA):
	a. 10, Standard for Portable Fire Extinguishers.

	3. Underwriters Laboratories, Inc. (UL):
	a. 8, Water Based Agent Fire Extinguishers.
	b. 154, Carbon Dioxide Fire Extinguishers.
	c. 299, Dry Chemical Fire Extinguishers.
	d. 626, Water Fire Extinguishers.
	e. 711, Rating and Fire Testing of Fire Extinguishers.
	f. 2129, Halocarbon Clean Agent Fire Extinguishers.



	1.3 Definitions
	A. Authority Having Jurisdiction (AHJ):  Building official, fire chief, fire marshal or other individual having statutory authority.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Ratings and classification of extinguishers.


	B. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.



	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Deliver and install filled and charged extinguishers just prior to building occupancy.


	Part 2 - PRODUCTS
	2.1 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Fire extinguishers:
	a. Amerex Corporation.
	b. Ansul – Tyco Fire Protection Products.
	c. Badger Fire Protection.
	d. United Technologies - Kidde.
	e. Buckeye Fire Equipment.

	2. Fire extinguisher cabinets:
	a. J.  L.  Industries.
	b. Larsen's Manufacturing Co.
	c. Nystrom Building Products.
	d. Modern Metal Products.
	e. Potter - Roemer Inc.

	3. Fire extinguisher signs:
	a. Seton.
	b. Compliance Signs.
	c. Safety Sign.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MANUFACTURED UNITS
	A. Fire Extinguisher Cabinet (FEC-1):
	1. Recessed mounting, with narrow flat trim.
	a. Meet projection limitations per ADA.

	2. 22 GA epoxy-coated steel box.
	3. Epoxy coated steel door and trim.
	a. Clear 1/4 IN frameless, backless, unlettered smooth acrylic door.
	b. Door to have narrow, vertical, 1/4 IN clear acrylic glazing panel.

	4. Provide FIRE EXTINGUISHER decal for face of each cabinet.
	5. Provide secure closures.
	6. Provide 10LB 4A:60BC extinguisher.

	B. Fire Extinguisher (FEXT):
	1. Steel bodied, all metal top (head) and valves.
	2. Multi-purpose dry chemical extinguisher with hose and nozzle.
	3. Provide one (1) listed 10 LB.  4A-60BC extinguisher for each fire extinguisher location (FEXT) indicated on Drawings.
	4. Finish:  Red with epoxy finish coat.

	C. Wall Brackets:
	1. Bracket type to fit specified extinguisher.
	2. Furnish bracket for each extinguisher not in cabinet.
	3. Bracket to be finished in red or black enamel.

	D. Fire Extinguisher Signage:
	1. Single faced:  SETON #21999.
	2. Double faced:  SETON #22001.



	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions and NFPA 10.
	1. Install units with extinguisher top not over 48 IN above floor.
	2. Install wall brackets to concrete or masonry substrate with self-tapping concrete anchors.
	a. See Specification Section 05 50 00.


	B. Install FEC with top of unit at 60 IN above floor.
	C. Fire extinguisher locations shown on Drawings are approximate locations.
	1. Verify all extinguisher mounting locations with the AHJ.

	D. Provide "FIRE EXTINGUISHER" sign for each extinguisher location.
	1. Provide single or double faced sign to provide optimum visibility for extinguisher location.



	METAL LOCKERS AND LOCKER BENCHES
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Metal lockers and locker benches.

	B. Related Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 07 92 00 - Joint Sealants.


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. A540, Standard Specification for Alloy-Steel Bolting Materials for Special Applications.
	b. A1008, Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, Solution Hardened, and Baked Hardenable.
	c. B108, Standard Specification for Aluminum-Alloy Permanent Mold Castings.



	1.3 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Drawings showing location, numbering sequence, anchoring method and locking.
	3. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Color chart showing manufacturer's full line of available colors for preliminary color selection by Engineer.


	B. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Lockers and locker benches:
	a. Art Metal Products.
	b. DeBourgh Manufacturing.
	c. List Industries.
	d. Lyon Metal Products.
	e. Penco Products.
	f. Republic Steel Corp.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Steel:  ASTM A1008.
	B. Fasteners:  Cadmium-plated steel ASTM A540.
	C. Hooks and Hanger Rods:  Cadmium-plated steel ASTM A540 or cast aluminum ASTM B108.

	2.3 ACCESSORIES
	A. Hooks:
	1. Provide one double-prong ceiling hook and three single-prong wall hooks for single-tier and double-tier lockers.
	2. One wall hook and one ceiling hook for multi-tier lockers 12 IN and less in width.

	B. Provide hat shelf in single-tier lockers.
	C. Provide hanger rod minimum 5/8 IN DIA, in lieu of ceiling hook, in single tier lockers 18 IN deep or deeper.
	D. Number Plates:
	1. Manufacturer's standard etched, embossed, or stamped, non-ferrous metal number plates.
	2. Three-digit numerals not less than 3/8 IN high.
	3. Sequence numbers as directed by Owner.
	4. Attach plates centered, near top of each locker door, with two fasteners of same finish as number plate.
	5. Provide on each locker door.

	E. Metal Base:
	1. Minimum 20 GA.
	2. Cover entire front of base of lockers without additional fastening devices.
	3. Flange bottoms inward 3/4 IN for stiffening.
	4. Factory-finish base to match lockers.

	F. Locker Bench:
	1. Bench top:  Solid hardwood.
	2. 1-1/8 IN thick minimum x 20 IN wide minimum to 20 IN wide maximum.
	a. All edges and corners rounded and sanded on all surfaces.
	b. Length:  Minimum 42 IN.

	3. Sealer:  Manufacturer's standard.
	4. Pedestal:
	a. Base minimum 14 GA with 1-5/8 IN tubing uprights.
	b. Manufacturer's standard anchors.
	c. Finish to match lockers.
	d. Provide pedestal supports at 6 FT maximum spacing.

	5. Meets ADA requirements.


	2.4 FABRICATION
	A. General:
	1. Fabricate lockers square, rigid, and without warp, with metal faces flat and free of dents or distortion.
	2. Ease all exposed metal edges.
	3. Weld frames together.
	4. Weld, bolt, or rivet other connections per manufacturer's standard.
	5. Grind exposed welds flush.
	6. Chemically pretreat metal with degreasing and phosphatizing process.
	7. Apply baked-on enamel finish to all surfaces, exposed and concealed, except plated and non-ferrous metal.
	8. Finished film thickness of not less than 0.75 MIL for all exterior surfaces and not less than 0.5 MIL for all interior surfaces.
	9. Color to be selected from manufacturer’s standard color range.

	B. Lockers:
	1. Frames:
	a. Minimum 16 GA channels or 12 GA angles, with corners electrically welded to form solid one-piece structure.
	b. Provide door stops at door openings.
	c. Provide minimum 16 GA horizontal members between doors of other than single-tier lockers.

	2. Backs and sides:
	a. Minimum 24 GA.
	b. Flange backs on vertical edges and sides where they intermember with backs, making double-flanged rear corners.

	3. Exposed ends of non-recessed lockers:  Minimum 16 GA.
	4. Tops, bottoms and shelves:  Minimum 24 GA, flanged on all sides.
	5. Sloped tops:  Continuous, minimum 20 GA.
	6. Doors:
	a. One-piece, minimum 16 GA, flanged at all edges, with corners.
	b. Extra bracing or reinforcing on inside of doors over 15 IN wide.
	c. Construct to prevent springing when opening or closing.
	d. Door swing of 180 DEG.
	e. Stamped louvered vents in door faces.
	1) Single-tier lockers:  Not less than six 6 IN louver openings in top and bottom of each door.
	2) Double-tier lockers:  Not less than three 6 IN louver openings in top and bottom of each door.
	3) Multi-tier lockers:
	a) Not less than three 31/2 IN louver openings per door for 12 and 15 IN wide units.
	b) Four (4) 6 IN louver openings per door for lockers 18 IN wide and over.



	7. Door hinges:
	a. Full-loop, five-knuckle, tight pin.
	b. Not less than 0.050 IN thick steel, 2 IN high.
	c. Continuous weld hinges to inside of frame and secure to door with not less than two (2) factory-installed fasteners, completely concealed and tamperproof when door is closed.
	d. Minimum three (3) hinges for each door 42 IN high and over.
	e. Minimum two (2) hinges for each door less than 42 IN high.

	8. Latching:
	a. Positive, automatic, prelocking, pry-resistant latch and pull.
	b. Rubber silencers.
	c. Chromium-plated, vandalproof or kickproof lift-up handle, containing strike and hole for padlock.
	d. Enclose latch on four sides in a boxed receptacle in lock bar channel, and engaging latch hooks on frame opposite hinges.
	e. Three-point latching for single-tier lockers.
	f. Two-point latching for double-tier lockers.
	g. One-point gravity or spring latch with padlock lugs for box lockers.

	9. Provision for padlock:  Latch pull with hole to accept padlock.
	10. ADA compliant lockers:
	a. Single tier locker in same construction as standard lockers specified and provide with the following modifications:
	1) Shelves:
	a) Bottom shelf located not less than 9 IN above finished floor.
	(1) Provide full width closure panel from bottom shelf to locker floor.

	b) Top shelf located not more that 54 IN above finished floor.

	2) Top of hanger rod located not more than 48 IN above finished floor.
	3) Single-prong wall hooks located not more than 46 IN above finished floor.
	4) Door latching device:
	a) Lever handle, push type or U-shaped design.
	b) Operating device to be located 48 IN above finished floor.
	c) Spring loaded.

	5) Keyed lock to be self locking when door is closed.

	b. Top of locker to align with adjacent lockers.
	c. Refer to drawings for location and quantity.




	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Install plumb, level, rigid and flush.
	C. Space fasteners not over 48 IN on center:
	1. Install through suitable reinforcing plates where necessary to prevent metal distortion.
	2. Conceal all fasteners wherever possible.

	D. Provide and install filler and closure pieces as required.

	3.2 FIELD QUALITY CONTROL
	A. Touch-up any damaged finishes or replace as directed by Engineer.
	1. Use only materials and finishes as recommended or furnished by locker manufacturer.


	3.3 ADJUSTMENT
	A. Adjust doors and latches to operate easily without bind.
	1. Verify satisfactory operation of integral locking devices.


	3.4 SCHEDULES
	A. Locker Types and Sizes:
	1. Type A:  Single tier 24 x 18 x 72 IN.



	LABORATORY CASEWORK (METAL)
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Laboratory casework.
	2. Laboratory countertops.
	3. Laboratory sinks.
	4. Laboratory service fittings.
	5. Resilient base molding for application to casework.
	6. Selected laboratory equipment as listed.

	B. Related Sections include but are not necessarily limited to:
	1. Division 00 - Procurement and Contracting Requirements.
	2. Division 01 - General Requirements.
	3. Section 09 65 00 - Luxury Vinyl Tile Flooring and Resilient Base.
	4. Section 22 42 00 – Plumbing Fixtures


	1.2 QUALITY ASSURANCE
	A. Referenced Standards:
	1. ASTM International (ASTM):
	a. A1008, Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, Solution Hardened, and Bake Hardenable.
	b. C1036, Standard Specification for Flat Glass.
	c. C1048, Standard Specification for Heat-Treated Flat Glass--Kind HS, Kind FT Coated and Uncoated Glass.
	d. D695, Standard Test Method for Compressive Properties of Rigid Plastics.
	e. F1861, Standard Specification for Resilient Wall Base.

	2. Americans with Disabilities Act (ADA):
	a. Accessibility Guidelines (ADAAG).

	3. Scientific Apparatus Makers Association (SAMA):
	a. LF 8, Performance Requirements for Laboratory Furniture.

	4. Scientific Equipment and Furniture Association (SEFA):
	a. 4.1, Glossary of Terms.


	B. Qualifications:
	1. Manufacturer qualifications:
	a. Minimum 10 years’ experience.
	b. Five similar installations in past two years.

	2. Installer qualifications:
	a. Employed or approved in writing by manufacturer.
	b. Minimum five years’ experience installing metal casework and epoxy resin tops.
	c. Five installations of metal casework and epoxy resin tops in past two years of similar scope.


	C. Miscellaneous:
	1. Furnish all metal casework, service fittings, accessories, sinks, drains, and epoxy resin tops from one manufacturer unless noted otherwise.


	1.3 DEFINITIONS
	A. Installer or Applicator:
	1. Installer or applicator is the person actually installing or applying the product in the field at the Project site.
	2. Installer and applicator are synonymous.

	B. Hazardous Location:  Locations requiring the use of Safety Glazing as defined in building code.
	C. Additional terminology common to the laboratory furniture and equipment industry as defined in SEFA 4.1.

	1.4 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.
	c. Product technical data sheets on all components.

	3. Scaled drawing showing layout, controlling dimensions, elevations, etc.
	a. Minimum plan scale:  1/8 IN = 1 FT-0 IN.
	b. Minimum elevation scale:  1/2 IN = 1FT-0 IN.
	c. Minimum detail scale:  1-1/2 IN = 1 FT-0 IN.

	4. Certifications:
	a. Certification of manufacturer qualifications.
	b. Certification of installer qualifications.
	1) Listing of five installations in past two years of similar scope.



	B. Samples:
	1. Available casework and countertop colors for Engineer's color selection.
	2. Minimum 4 x 4 IN countertop sample in color specified.

	C. Contract Closeout Information:
	1. Operation and Maintenance Data:
	a. See Specification Section 01 78 23 for requirements for the mechanics, administration, and the content of Operation and Maintenance Manual submittals.




	Part 2 - PRODUCTS
	2.1 MANUFACTURERS
	A. Product numbers listed on the Drawings are based on Kewaunee Scientific Equipment Corporation.
	B. Epoxy Resin Laboratory Countertops, Sinks, Cup Sinks, Drain Troughs and Curbs:
	1. Kewaunee Scientific Corporation.
	2. Wilsonart.

	C. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MATERIALS
	A. Casework:  Steel, ASTM A1008.
	B. Glass:
	1. Framed swinging doors:
	a. ASTM C1036.
	b. UBC 24-1.
	c. 1/8 IN thick (nominal).
	d. Clear tempered glass:  Type I, Class I, Quality q3.


	C. Countertops and Sinks:  Epoxy resin.
	D. Hardware:  Extruded aluminum, stainless steel or chromium-plated steel, as noted.
	E. Resilient Base:  Rubber or vinyl.

	2.3 ACCESSORIES
	A. Hardware and Trim:
	1. Door and drawer pulls:
	a. Meet requirements of ADA.
	b. Drawers and hinged doors:
	1) Contour profile:
	a) Die-cast aluminum.
	b) Satin finish with clear lacquer coating.
	c) 4 IN centers.



	2. Hinges:
	a. Institutional, 5-knuckle.
	b. Stainless steel with brushed satin finish.
	c. Minimum 2-1/2 IN high.
	d. Drilled for screw attachment to door and case.
	1) Welding to door or case is not acceptable.

	e. Doors under 36 IN high; 1 pair hinges.
	f. Doors over 36 IN high; 1-1/2 pair hinges.

	3. Door latching mechanism:
	a. Self-closing, cam action, positive latching.
	b. Concealed mounting in top rail of door opening.
	c. Magnetic catches are not acceptable.

	4. Locks:
	a. Heavy duty cylindrical type.
	b. 5-disc tumbler, removable core.
	c. Minimum 200 primary key changes.
	d. Master key.
	e. Satin nickel plated and stamped with identifying number.

	5. Shelf clips:
	a. Nickel or zinc-plated steel.
	b. Designed to engage in two rectangular holes on 1/2 IN centers in wall cases and 2 IN centers in base units.


	B. Molded Epoxy Resin Sinks Countertops and Back Splashes:
	1. Modified epoxy sinks:
	a. One-piece modified epoxy resin units with coved corners and bottom sloped to drain outlet.
	b. Color:  Black.
	c. Complete with polyethylene trap and sink outlet assembly.
	1) Adjustable tail piece.
	2) Plug strainer, gasket and locknut.
	3) 1-1/2 IN I.P.S. male straight thread outlet.
	4) Outlet color to match sink.


	2. Countertops and Back Splashes:
	a. Modified epoxy resin having the following minimum physical properties:
	1) Density:  140 PCF.
	2) Modulus of rupture:  3,500 PSI.
	3) Modulus of elasticity:  4.46 x 106 PSI.
	4) Compressive strength:  15,900 PSI; ASTM D695.
	5) Shear strength:  5,400 PSI.

	b. Chemical and corrosion resistant.
	c. Minimum 1 IN thick.
	d. Radius or bevel all exposed edges to a 1/8 IN radius.
	e. All sink cut-outs and holes for services shall be factory drilled and cut.
	1) Sink cut outs shall be provided with 3/4 IN radius (minimum) corners.

	f. Color:  Black.
	g. Backsplash curbs:
	1) 4 IN high x 1 IN thick.
	2) Top set, sealed to work surface with epoxy adhesive.
	3) Same construction and color as work surface.
	4) Provide at back and exposed ends of countertops unless noted otherwise.


	3. Glassware drying rack:
	a. Black epoxy resin.
	b. Polypropylene pegs.
	c. Satin finished stainless steel drip tray with 1/2 IN OD outlet.


	C. Resilient Base:
	1. See Section 09 65 00.

	D. Sink Supports:
	1. Hanger type, suspended from top front and top rear horizontal rails of base cabinet by four, 1/4 IN DIA rods.
	2. Minimum 12 GA adjustable sink cradle.
	a. Paint with corrosion resistant paint.


	E. Miscellaneous Support Struts:
	1. Pair of nominal 1 IN x 1-1/2 IN vertical channels with adjustable U-shaped connectors top and bottom.
	2. Minimum 16 GA steel coated with corrosion resistant paint coating.
	3. Size as required for pipe chase and to support items as shown on Drawings.
	4. Compatible with commercially available pipe clamps and accessories.

	F. Laboratory Service Fittings:
	1. Laboratory grade.
	2. Manual operation.
	3. Finish:
	a. Chrome plated.

	4. Service indexes:
	a. Identify services with tamperproof color coded plastic index buttons as follows:

	5. Water fittings:
	a. Cast red brass or bronze.
	b. Provide with renewable unit containing all operating parts subject to wear.
	c. Integral volume control device.
	d. All units capable of converting from compression to self closing without altering faucet body.
	e. Wrist blade handles with service index buttons as required.

	6. Steam fittings:
	a. Heat resistant handle.
	b. Removable stainless steel seat with flat Teflon seat disc.
	c. Teflon impregnated packing.
	1) Constructed such that unit may be repacked while under pressure.


	7. Ground key valve hose cocks:
	a. Heavy duty with tapered body and integral tapered, serrated hose connection.
	b. Forged body.
	c. Wrist blade type handle with colored service index button.
	d. One-quarter turn ON and OFF.
	e. 40 PSI pressure rating without leakage.

	8. Needle valve hose cocks:
	a. Laboratory type with ultra-sensitive flow control.
	b. Replaceable stainless steel floating cone.
	c. Stainless steel seat.
	d. Valve shall have "Teflon" impregnated packing.
	e. Unit shall be capable of being repacked while under pressure.
	f. 65 PSI pressure rating without leakage.

	9. Turrets:
	a. Tapered design.
	b. Complete with 3/8 IN I.P.S. tank nipple, locknut and washer.
	c. Multiple service turrets:  Allow for up to 4 different services in any combination.

	10. Goosenecks:
	a. 3/8 IN I.P.S. spout.
	b. Removable serrated hose connection.
	c. Minimum 7-1/2 IN clearance between outlet and top with two, 90 DEG bends.
	d. Capable of conversion from fixed to swinging type.

	11. Vacuum breaker:
	a. Integral with fixture assembly.
	b. Provide where indicated or where required by code.


	G. Electrical Fittings:  To be furnished in the Electrical Design.
	H. Emergency Eyewash/Shower:  See Section 22 42 00.
	I. Sloped tops, Ceiling Enclosures and Miscellaneous Filler Panels:
	1. Same construction as casework.
	2. Concealed attachment.


	2.4 FABRICATION
	A. General:
	1. Modular design providing for interchangeable door and drawer configurations.
	2. All units shall be flush front construction with all vertical and horizontal case members in same plane with no overlap.
	3. Exterior corners and face joints shall be arc welded and ground smooth to provide continuous flat surface.
	4. Each individual unit shall be complete so that any unit may be relocated at any time without requiring field modification or field application of finished end panels or other similar parts.
	5. Metal gages:
	a. All metal used in case construction shall be minimum 18 GA unless indicated otherwise.
	1) Corner gussets for leveling bolts and apron corner braces shall be minimum 12 GA.
	2) Hinge reinforcement and case and drawer suspension channels shall be minimum 14 GA.
	3) Top and intermediate front horizontal rails, table aprons and reinforcement gussets shall be minimum 16 GA.
	4) Drawer assemblies, door assemblies and adjustable shelves shall be minimum 20 GA.


	6. No exposed fasteners allowed.
	7. Base cabinets shall be constructed to support minimum of 200 LBS/SF of cabinet top area including work surface without distortion resulting in interference with door and drawer operation.
	8. Base unit and full height case corner gussets with leveling bolts shall support minimum 500 LBS per corner at 1-1/2 IN projection of leveling bolt below gusset.
	9. Adjustable and fixed shelving up to 48 IN long shall support an evenly distributed load of 40 PSF up to a maximum of 200 LBS without permanent set.
	10. All drawers shall support an evenly distributed load of minimum 150 LBS.
	11. Provide drawers and doors as indicated.
	12. Provide shelves as indicated.
	a. Base units:  Adjustable in 2 IN increments.
	b. Wall-mounted cases:  Adjustable in 1 IN increments.

	13. Provide accessories as indicated.
	14. All units shall be completely fabricated assembly ready for placement.

	B. Base Units:
	1. Cabinet ends:
	a. Single piece, full height.
	b. Formed with channel-shaped return flanges at top, back and bottom.
	c. Integral front corners offset to form rabbeted opening to receive doors and drawers.
	1) Provide continuous hinge reinforcement in hinge jamb of door cabinets.


	2. Top rails:
	a. Formed channels, front and back, welded to cabinet end flanges.
	b. Front rail:
	1) Rabbet to receive doors and drawers.
	2) Flush with face of cabinet body.

	c. Omit back rail at sink units.

	3. Intermediate rails:
	a. Provide intermediate rails between doors and drawers.
	1) Horizontal rails:
	a) Recessed.
	b) Concealed when cabinet doors and drawers are closed.
	c) No intermediate horizontal rails between drawers unless required by locks in drawers.

	2) Vertical rails:
	a) Flush with cabinet body.
	b) Intermediate vertical support in double door cases will not be allowed.



	4. Bottom:
	a. Single piece formed bottom and integral bottom front rail.
	b. Edges:  Turned down and welded to end panels and back channel.
	c. Access holes located above leveling screws with flush plug buttons.
	d. Corner units may have separate bottom panel.

	5. Bases:
	a. Toe space:
	1) Rail interlocking with cabinet bottom, welded to end panels.
	2) 3 IN deep x 5 IN high.
	3) Fully enclosed.

	b. Rear channel welded to end panels and cabinet bottom.
	c. Reinforcing gusset plates at each corner for leveling legs.
	1) Leveling legs:  3/8 IN x 3 IN long adjustable leveling legs.


	6. Back panel:
	a. Provide removable back panel in all cupboard units.
	1) One-piece, formed on all sides.
	2) Retained at top by flange of top rail and secured with screws.

	b. Sink bases and drawer units shall have open backs.


	C. Wall Cases:
	1. Cabinet ends:
	a. Single piece, full height.
	b. Formed with channel-shaped return flanges at top, back and bottom.
	c. Integral front corners offset to form rabbeted opening to receive doors.
	d. Provide continuous hinge reinforcement in hinge jamb of door cabinets.

	2. One-piece top formed with front top rail and flanged back.
	a. Swinging door cases:  Top rail rabbeted.
	b. Sliding door cases:  Top rail to form fascia.
	1) Door track to be concealed behind fascia.


	3. Flush bottom with rabbeted front rail and flanged back.
	4. Recessed back welded to top, bottom and end panels.

	D. Drawers:
	1. Modular sized, removable, mountable in any location in cabinet.
	2. Fronts:
	a. Formed, nominal 3/4 IN thick, with removable outer head.
	b. Sound deadening material between panels.

	3. Bodies:
	a. Bottom, sides, back and inner front, welded assembly.
	b. Top edge of sides formed into semi-circular tote grip.
	c. Bottom and back one-piece.

	4. Suspension:
	a. Self-centering drawers, removable without use of tools, locking in full open position.
	b. Drawer runner welded to drawer body.
	c. Case runner attached with screws or into slotted rail.
	d. Coved runner raceways with round nylon tired ball bearing rollers.
	e. Rubber closing bumpers.
	f. Friction centering devices not acceptable.
	g. Provide file follower at all file drawers.


	E. Swinging Doors:
	1. Inner and outer panels welded together.
	a. Over 14 IN wide and under 36 IN high:  Formed, embossed stiffener.
	b. 36 IN high and over:  Vertical channel stiffener.

	2. Sound deadening mastic inside panels.
	3. Provide hinge mounting brackets and hinge reinforcement.
	4. Provide pull, hinges, rubber bumper and positive latching mechanism.

	F. Swinging Glazed Doors:
	1. Same construction as swinging doors with top, bottom and side rails.
	a. Over 48 IN high:  Intermediate cross rail.

	2. Glass set in continuous U-shaped glazing channel.

	G. Removable Shelves:
	1. Adjustable on 1/2 IN centers in wall cases and on 2 IN centers in base units.
	2. Sides formed down 3/4 IN; returned 5/8 IN at front and back.
	a. 42 IN wide or over:  Full length reinforcement required.

	3. Support on four die-formed brackets engaged in two rectangular holes in each corner post.

	H. Apron Assemblies:
	1. Box frame channel construction.
	2. Nominal 4 IN high.
	3. Openings and intermediate rails for drawers, where shown.

	I. Leg Assemblies:
	1. Pair of legs with side rail and stretcher rail.
	a. Fully welded to form a rigid assembly.

	2. Legs:
	a. Nominal 2 x 2 IN box section.
	b. Recessed leveling screws.
	c. Coved black vinyl or rubber shoe.

	3. Side rails:  Nominal 4 IN channel.
	4. Stretcher:  Nominal 2 x 1 IN box section.
	5. Provide nominal 2 x 1 IN spreader rail when used with apron assemblies exceeding 36 IN long.

	J. Knee Space Rails:  Nominal 4 IN high channel section.
	K. Finishes:
	1. Steel components:
	a. Manufacturer's standard lead free, 2-coat corrosion-resistant baked on paint system.
	1) Case body color:  Color to be selected from manufacturer’s color range.
	2) Color of doors and drawers:  Match case color.
	3) Finished paint surface shall meet the performance requirements as set forth by SAMA LF 8.





	Part 3 - EXECUTION
	3.1 PREPARATION
	A. Prior to beginning installation of casework, check and verify that no irregularities exist that would affect the quality of execution of work specified.

	3.2 INSTALLATION
	A. Install products in accordance with manufacturer's instructions.
	B. Follow manufacturer's printed instructions and Drawings in all cases where items or details are not indicated.
	C. Casework:
	1. Set casework components plumb, square, and straight with no distortion.
	a. Securely anchor to building structure.
	b. Shim as required using concealed shims.

	2. Screw continuous cabinets together with joints flush, tight and uniform, and with alignment of adjacent units within 1/16 IN tolerance.
	3. Secure wall cabinets to solid supporting material.
	a. Do not secure to plaster or gypsum board.

	4. Abut top edge surfaces in one true plane.
	a. Provide flush joints not to exceed 1/8 IN between top units.

	5. Provide all trim, fillers, closures, stands, supports, sleeves, collars, escutcheons, ferrules, brackets, braces or other miscellaneous items required for complete installation.

	D. Work surfaces:
	1. Scribe to abutting surfaces as required.
	2. Only factory-prepared field joints, located per approved shop drawings, are permitted.
	a. Secure joints in the field, where practical, in the same manner as in the factory.

	3. Secure work surfaces to casework and equipment components with material and procedures recommended by the manufacturer.
	4. If field cutting or drilling of epoxy resin countertop, backsplash curb or service ledge assembly is required, make holes using saw blades or drill bits as recommended by countertop manufacturers.
	5. Seal all joints in epoxy resin countertops, backsplash curbs using materials and methods as recommended by manufacturer.
	6. Seal joints in tops, backsplashes, etc., with sealant as specified by countertop manufacturer.

	E. Furnish and set in place all service and plumbing fixtures as indicated.
	1. Except for final mechanical and electrical connections, complete installation of each item in every respect, including all necessary items required for proper operation and appearance.
	2. Where an item of equipment is furnished without a cord and plug, bring electrical wiring in or on equipment to an equipment junction box located on and part of the equipment such that flexible connection no longer than 3 FT is needed to make final ...


	3.3 ADJUSTING AND CLEANING
	A. Repair all damage done to premises as a result of installation.
	1. Remove all debris and leave area broom clean.

	B. Test and adjust all items of equipment for satisfactory operation.

	3.4 PROTECTION
	A. Cover work surfaces as recommended by manufacturer.
	1. Protect all installed casework and accessories per manufacturer instructions.

	B. Remove protection upon acceptance of Project by Owner.


	CATHODIC PROTECTION SYSTEM
	PART 1 -  GENERAL
	1.1 THIS SECTION INCLUDES
	A. The WORK of this Section includes providing a complete cathodic protection (CP) system for the following structures as outlined in this Section and on the Drawings:
	1. Yard piping for the Central Pump Station which includes buried steel with a dielectric external coating.

	B. Electrical isolation of the structures from adjacent metallic structures, steel reinforced concrete structures, casings, structures of dissimilar metal or dissimilar coatings, conduits, and all other metallic components that may impact the operatio...
	C. Installation of galvanic anodes, insulating joints, test stations, other components associated with the CP system, and all other work described herein and on the Drawings.
	D. Testing of CP system during installation.
	E. Cleanup and restoration of work site.
	F. Final System Checkout: Testing of CP system after installation and backfilling.

	1.2 REQUIREMENTS
	A. If the products installed as part of this Section are found to be defective or damaged or if the WORK of this Section is not in conformance with these Specifications, then the products and WORK shall be corrected at the CONTRACTOR’s expense.
	B. Any retesting required due to inadequate installation or defective materials shall be paid for by the CONTRACTOR at no additional cost to the owner.
	C. The WORK also requires that one Supplier or Subcontractor accept responsibility for the WORK but without altering or modifying the CONTRACTOR's responsibilities under the Contract Documents.
	D. The WORK also requires coordination of assembly, installation, and testing between the pipeline contractor and any CP material supplier or subcontractor.
	E. All electrical WORK shall be in accordance with NEC and local requirements.

	1.3 RELATED SECTIONS
	A. The WORK of the following Sections applies to the WORK of this Section. Other Sections of the Specifications, not referenced below, shall also apply to the extent required for proper performance of this WORK.
	1. Site Safety and Regulatory Requirements
	2. Excavation, Trenching, Backfilling, and Compacting
	3. Piping
	4. Cast-In-Place Concrete
	5. Protective Coatings


	1.4 REFERENCED SPECIFICATIONS, CODES AND STANDARDS
	A. The WORK of this Section shall comply with the current editions of the codes and standards referenced in this specification, including the following:
	1. AASHTO American Association of State Highway and Transportation Officials
	a. H20 Specification for Highway Bridges

	2. ASTM International
	a. A123 Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products
	b. A615 Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement
	c. B3 Standard Specification for Soft or Annealed Copper Wire
	d. B8 Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or Soft
	e. B80 Standard Specification for Magnesium-Alloy Sand Castings
	f. B187 Standard Specification for Copper, Bus Bar, Rod, and Shapes and General Purpose Rod, Bar, and Shapes
	g. B418 Standard Specification for Cast and Wrought Galvanic Zinc Anodes
	h. B843 Standard Specification for Magnesium Alloy Anodes for Cathodic Protection
	i. C94 Standard Specification for Ready-Mixed Concrete
	j. D1000 Standard Test Methods for Pressure-Sensitive Adhesive-Coated Tapes Used for Electrical and Electronic Applications
	k. D1248 Standard Specification for Polyethylene Plastics Extrusion Materials for Wire and Cable
	l. D1785 Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120.
	m. D2220 Standard Specification for Poly(Vinyl Chloride) Insulation for Wire and Cable, 75 C Operation
	n. D3005 Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic Pressure-Sensitive Electrical Insulating Tape
	o. D4388 Standard Specification for Nonmetallic Semi-Conducting and Electrically Insulating Rubber Tapes
	p. D6386 Standard Practice for Preparation of Zinc (Hot-Dip Galvanized) Coated Iron and Steel Product and Hardware Surfaces for Painting
	q. G97 Standard Test Method for Laboratory Evaluation of Magnesium Sacrificial Anode Test Specimens for Underground Applications
	r. AWWA  American Water Works Association
	s. C217 Petrolatum and Petroleum Wax Tape Coatings for the Exterior of Connections and Fittings for Steel Water Pipelines

	3. NSF National Sanitation Foundation
	a. NSF 61Drinking Water System Components

	4. NACE International, the Corrosion Society
	a. SP0375 Field-Applied Underground Wax Coating Systems for Underground Pipelines: Application, Performance, and Quality Control
	b. SP0169 Control of External Corrosion on Underground or Submerged Metallic Piping Systems
	c. SP0286 Electrical Insulation of Cathodically Protected Pipelines
	d. TM0497 Measurement Techniques Related to Criteria for Cathodic Protection on Underground or Submerged Metallic Piping Systems

	5. NEMA  National Electrical Manufacturers Association
	a. TC2  Electrical Polyvinyl Chloride (PVC) Tubing and Conduit
	b. TC3  PVC Fittings for Use with Rigid PVC Conduit and Tubing

	6. NFPA  National Fire Protection Association
	a. NFPA 70 National Electric Code (NEC)

	7. UL Underwriters Laboratories
	a. 6  Rigid Metal Conduits
	b. 467  Grounding and Bonding Equipment
	c. 506  Standard for Specialty Transformers
	d. 514B  Fittings for Cable and Conduit


	B. Whenever the Drawings or these Specifications require a higher degree of workmanship or better quality of material than indicated in the above codes and standards, these Drawings and Specifications shall prevail.

	1.5 PERMITS AND JOB ACCESS
	A. Prior to the start of construction, the CONTRACTOR shall apply to the required authorities for permits required for installation of the CP system.
	B. The CONTRACTOR shall contact Texas 811 prior to commencing construction to locate existing utilities in the area of construction. Existing utilities include, but are not limited to, water lines, gas lines, telephone, street lights, sewer and storm ...
	C. If traffic control is necessary, it shall satisfy the requirements of the governing locality.

	1.6 QUALITY ASSURANCE
	A. Installation of the CP equipment shall be performed by individuals having at least five years of experience in the installation of the CP equipment described herein.
	B. All testing required to be performed by a “Corrosion Technician” shall be performed by a NACE certified Corrosion Technician under the supervision of a Corrosion Engineer. A Corrosion Technician is a NACE CP2 (CP Technician), CP3 (CP Technologist),...

	1.7 SUBMITTALS
	A. The following shall be submitted to the ENGINEER prior to any equipment installation.
	1. Catalog cuts, bulletins, brochures, or data sheets for all materials specified herein.
	2. Statement that the equipment and materials proposed meet the Specifications and the intent of the Specifications.
	3. Statement of installation experience required.
	4. Corrosion Technician and Corrosion Engineer qualifications.
	5. Schedule, including the expected start date and planned completion date.

	B. The following shall be submitted to the ENGINEER after completion of the WORK.
	1. Wire connection testing.
	2. Insulating joint testing, before and after backfilling.
	3. Final System Checkout Report.
	4. Record Drawings and Final System Checkout Report shall be submitted to and approved by the ENGINEER before the WORK is considered complete.


	1.8 INTERFERENCE AND EXACT LOCATIONS
	A. The locations of CP equipment, test stations, devices, outlets, and appurtenances, as indicated are approximate only. Exact locations shall be determined by the CONTRACTOR in the field subject to the approval of the ENGINEER.
	B. The CONTRACTOR shall field verify all data and final locations of work done under other Sections of the Specifications required for placing of the electrical work.
	C. In case of interference with other work, foreign pipeline, or erroneous locations with respect to equipment or structures, the CONTRACTOR shall furnish all labor and materials necessary to complete the WORK in an acceptable manner to the OWNER. Dev...


	PART 2 -  PRODUCTS
	2.1 GENERAL
	A. All materials installed must be new. All equipment and materials supplied shall be similar to that which has been in satisfactory service for at least 5 years.
	B. All materials in contact with potable water shall be NSF 61 approved.

	2.2 GALVANIC ANODES
	A. High-potential magnesium anodes: magnesium anodes shall conform to ASTM B843 Type M1C. Anodes shall have an open circuit potential of −1.70 volts or more electronegative and a current efficiency of at least 48% when tested in accordance with ASTM G...
	B. Galvanic anodes shall be pre-packaged in a cloth bag containing backfill of the following composition: 75% gypsum, 20% bentonite, and 5% sodium sulfate. The anodes shall be of the size indicated on the Drawings and placed where indicated on the Dra...
	C. Anode lead wire:
	1. The wire attached to the anodes shall be of the size and type indicated on the Drawings. The anode lead wire shall conform to the specifications given for “Wires” in this specification.
	2. Connection of wire to the anode shall have a pulling strength that exceeds the wire’s tensile strength.
	3. Anode lead wires shall be of one continuous length, without splices, unless otherwise indicated on the Drawings, from the anode connection to the test station.


	2.3 READY-MIXED CONCRETE
	A. Ready-mixed concrete shall be in accordance with ASTM C94, permit requirements, and the Specification section for cast-in-place concrete.

	2.4 REINFORCING STEEL
	A. Reinforcing steel shall be in accordance with ASTM A615, permit requirements, and the Specification section for reinforcing steel.

	2.5 FLUSH-MOUNTED TEST STATION
	A. Flush-mounted test station boxes shall be traffic boxes rated to withstand AASHTO H20 traffic loading.
	B. The Test station boxes shall be B1017 enclosures or G series valve boxes, as manufactured by Christy Concrete Products, or an approved equivalent.
	C. Covers for test stations shall be cast iron with welded bead legend and labeled “CP TEST”.

	2.6 TERMINAL BOARDS
	A. Terminal boards shall be made of 1/4-inch thick phenolic plastic and sized as indicated on the Drawings.
	B. Connection hardware shall be brass or bronze. All connections shall be double nutted bolts with serrated lock washers.
	C. Copper bus bar shall be 1/8-inch thick and sized to fit. The copper bus bar shall be per ASTM B187 with 98% conductivity.

	2.7 MECHANICAL LUGS
	A. Mechanical lugs shall be brass or copper with a brass, copper, or stainless steel set screw. Tin plating on the lugs is optional. Aluminum lugs shall not be permitted. Zinc-plated steel set screws shall not be permitted. The lug shall be listed per...

	2.8 SHUNTS
	A. Shunts shall be selected by the size indicated on the Drawings.
	B. 0.01-ohm, 6-amp shunts shall be manganin wire type, as indicated. Shunts shall be Type RS, as manufactured by Holloway, or equivalent.

	2.9 CONDUIT AND FITTINGS
	A. The minimum conduit size shall be 1 inch unless otherwise indicated. Refer to NFPA 70 (NEC) for additional conduit size requirements.
	B. Conduit and fittings placed below grade shall be Schedule 80 PVC in accordance with NEMA TC2 and NEMA TC3.
	C. Conduit and fittings placed above grade shall be rigid steel. Rigid Steel conduit shall be galvanized and conform to UL 6.
	D. Conduit clamps shall be galvanized steel, 304 stainless steel, or 316 stainless steel.
	E. Fittings for use with rigid steel conduit shall be galvanized cast ferrous metal, with gasketed covers, Crouse Hinds Condulets, Appleton Unilets, or equivalent. Rigid metallic conduit fittings shall be galvanized, conform to NEMA FB 1, and listed t...
	F. Union couplings for conduit shall be Erickson or Appleton Type EC, 0-Z Gedney 3-piece Series 4, or equivalent.

	2.10 CAUTION TAPE
	A. The caution tape shall be an inert plastic film designed for prolonged underground use. The caution tape shall be a minimum of 3 inches wide and a minimum of 4 mils thick.
	B. The caution tape shall be continuously printed over the entire length with the wording "CAUTION: CATHODIC PROTECTION CABLE BURIED BELOW."
	C. The wording shall be printed using bold black letters. The color of the tape shall be red.

	2.11 WIRES
	A. Conductors shall consist of stranded copper of the gauge indicated on the Drawings. Wire sizes shall be based on American Wire Gauge (AWG). Copper wire shall be in conformance with ASTM B3 and ASTM B8.
	B. Insulation Type and Colors: As shown on the Drawings.
	1. High molecular weight polyethylene (HMWPE) wires shall be rated for 600 volts and shall conform to ASTM D1248, Type 1, Class C, Grade 5.
	2. HMWPE wires (CP wire) shall be rated for 600 volts and have dual insulation. The primary layer of insulation shall be a homogeneous 20 mil wall, and the jacket shall be a 65 mil wall of HMWPE conforming to ASTM D1248, Type 1, Class C, Grade 5. HMWP...
	3. RHW wires shall be UL listed and marked as RHW or RHW-2 and rated for 600 volts. RHW wires shall have crosslinked polyethylene (XLPE) insulation that conforms with ASTM D1248.
	4. THWN wires shall be UL listed and marked as THWN or THWN-2 and rated for 600 volts. THWN wires shall have polyvinyl chloride (PVC) insulation that conforms with ASTM D2220 and an outer jacket of nylon.


	2.12 WIRE IDENTIFICATION TAGS
	A. Wire identification tags shall be the wrap-around type with a high resistance to oils, solvents, and mild acids. Wrap-around markers shall fully encircle the wire with imprinted alpha-numeric characters for pipe identification. The letters and numb...

	2.13 EXOTHERMIC WELDS
	A. Exothermic welds shall be in accordance with the manufacturer’s recommendations. Exothermic welds shall be Cadweld manufactured by Erico, Thermoweld manufactured by Burndy, or an approved equivalent.
	B. Prevent molten weld metal from leaking out of the mold, where necessary, by using Duxseal packing manufactured by Johns-Manville, Thermoweld packing material manufactured by Burndy, Cadweld T403 Mold Sealer manufactured by Erico, or an approved equ...
	C. The shape and charge of the exothermic weld shall be chosen based on the following parameters:
	1. Pipe material
	2. Pipe size
	3. Wire size and requirement for sleeves
	4. Number of wires to be welded
	5. Orientation of weld (vertical or horizontal)


	2.14 EXOTHERMIC WELD COATING
	A. After exothermic welding, repair coatings and linings in accordance with the coating and lining manufacturer’s recommendation.
	B. For bare steel, dielectrically coated steel, or ductile iron pipe, weld caps with integrated primer shall be used to cover the exothermic weld connecting the wire to the pipe. The weld cap shall be a 10-mil thick durable plastic sheet that has a do...

	2.15 DIELECTRIC INSULATING FLANGE KITS
	A. Insulating flange kits shall include full-faced gaskets, insulating sleeves and washers, and 316 stainless steel bolts, nuts, and washers. The complete assembly shall have a pressure rating equal to or greater than the flanges between which it is i...
	1. Insulating gasket shall be full-faced, Type E, and 1/8-inch thick. Acceptable gasket materials include nitrile faced phenolic, G-10, or a material with equivalent or increased performance. Acceptable seal materials include EPDM, PTFE, or a material...
	2. Insulating sleeves shall be 1/32-inch thick and equal the number of bolts on the flange. Acceptable materials include Mylar, G-10, or a material with equivalent or increased performance.
	3. Insulating washers shall be 1/8-inch thick and equal to twice the number of bolts on the flange. Acceptable materials include G-10 or a material with equivalent or increased performance.

	B. Dielectric insulating flange kits shall be manufactured by Advance Products & Systems Inc., GPT Industries, or an approved equivalent.

	2.16 MONOLITHIC INSULATING JOINTS
	A. Monolithic insulating joints shall be designed to provide for the electrical isolation of piping sections and shall be completely factory assembled. Monolithic insulating joints shall be designed so that they are welded into the field piping during...
	B. Monolithic insulating joints shall have the same or better pressure rating and hydrostatic performance as the pipeline where it will be installed.
	C. The electrical resistance in dry air shall be greater than or equal to 5 MΩ at 1000 VDC. The breakdown voltage in dry air shall be at least 3 kVAC at 50 Hz for 1 minute.
	D. When used in potable water systems, the internal coating shall be NSF approved.
	E. Monolithic insulating joints shall be manufactured by Advance Products & Systems Inc., GPT Industries, or an approved equivalent.

	2.17 PETROLATUM WAX TAPE
	A. Petrolatum wax tape shall meet or exceed the requirements of AWWA C217 and shall consist of four parts: Surface primer, filler putty, wax tape, and outer covering. All four parts shall be the product of a single manufacturer.
	B. The primer shall be a blend of petrolatums, plasticizers, and corrosion inhibitors having a paste-like consistency. Primer shall be Wax-Tape Primer manufactured by Trenton, Denso Paste manufactured by Denso, or approved equivalent.
	C. The wax tape shall be synthetic-fiber felt, 45 to 90 mils thick, saturated with a blend of micro-crystalline wax, petrolatums, plasticizers, and corrosion inhibitors that are capable of easy conformability over irregular surfaces. Wax tape shall be...
	D. The outer covering shall be a plastic wrap consisting of one 150-gauge sheet or three 50-gauge sheets wound together as a single sheet, clear polyvinylidene chloride, shrink wrap that is flexible enough to conform to irregular surfaces. Outer wrapp...

	2.18 ISOLATION MAT
	A. Isolation mat shall be ¼ in thick neoprene and of the dimensions shown on the Drawings.


	PART 3 -  EXECUTION
	3.1 MATERIAL AND EQUIPMENT STORAGE
	A. All materials and equipment to be used in construction shall be stored in such a manner to be protected from detrimental effects from the elements. If warehouse storage cannot be provided, materials and equipment shall be stacked well above ground ...

	3.2 EXCAVATION AND BACKFILL
	A. Buried wires shall have a minimum cover of 30 inches.
	B. Caution tape shall be installed 12 inches below final grade. Caution tape shall be installed a minimum of 6 inches above underground wires and conduits.
	C. Wire identification tags shall be placed on the wires prior to placing wire in conduit or backfilling.
	D. For lateral conduit runs, install wires in PVC conduit set at the center of trench. Maintain sufficient slack in wire to prevent wire from being unduly stressed or broken during backfill operations.

	3.3 SURFACE GROUND BED FOR GALVANIC ANODES
	A. Prepackaged anodes shall be installed at the locations indicated on the Drawings.
	B. Plastic or paper wrapping shall be removed from the anode prior to lowering the anode into the hole. Anodes shall not be suspended by the lead wires. Damage to the canvas bag, anode-to-wire connection, copper wire, or wire insulation before or duri...
	C. Anodes shall be backfilled with native soil. Backfilling with native soil shall proceed in 6-inch lifts, compacting the soil around the anode during each lift without damaging the cloth sack, until the backfill has reached grade. Upon completion of...
	D. Anode lead wires shall be spliced to a header cable routed and terminated on the panel board as shown in the Drawings.

	3.4 TEST STATIONS
	A. Test stations shall be installed at the approximate locations shown on the Drawings. The CONTRACTOR shall field verify all final locations, subject to acceptance by the ENGINEER. Test stations shall be located within the pipeline easement. Test sta...
	B. For flush-mounted test stations, place the bottom of the test box on native soil. Do not place rock, gravel, sand, or debris in the box. Install 4,000 psi concrete collar with reinforcement after placement of the test box to finished grade. Provide...
	C. Connect wires to the terminal board as shown on the Drawings. Each wire shall be identified with a permanent wire identifier within 4 inches of the termination. After installation, all wire connections in the test station shall be tested by the CON...
	D. For foreign pipeline test stations, the CONTRACTOR shall notify the owner of foreign utility piping for which foreign pipeline crossing test stations are to be installed. Notification shall be provided at least 2 weeks in advance. Test leads to for...
	E. The CONTRACTOR shall provide global positioning system (GPS) coordinates for each test station location with a minimum accuracy of 1 meter or 3 feet. The CONTRACTOR shall submit the GPS coordinates of the test stations to the ENGINEER after install...

	3.5 WIRES
	A. Buried wires shall be laid straight without kinks. Each wire run shall be continuous in length and free of joints or splices, unless otherwise indicated. Care shall be taken during installation to avoid punctures, cuts, or other damage to the wire ...
	B. At least 12 inches of slack (coiled) shall be left for each wire at each flush-to-grade test station. Wire slack shall be sufficient to allow removal of wire extension for testing.
	C. Wire shall not be bent into a radius of less than eight times the overall wire diameter.
	D. The wire conduits must be of sufficient diameter to accommodate the wires. This shall be determined by the number and size of wires in accordance with the applicable codes and standards.
	E. Conduit shall be installed to a minimum depth of 30 inches below grade.
	F. Install caution tape a minimum of 6 inches above buried wire and conduits and a maximum of 12 inches below final grade. Every 3 feet, double over the tape for a distance of 8 inches to increase the apparent flexibility of the tape.

	3.6 WIRE IDENTIFICATION TAGS
	A. All wires shall be coded with wire identification tags within 4 inches of the wire end indicating diameter and type of pipe.
	B. Wire identification tags shall be placed on all wires prior to backfilling and installation of test stations.

	3.7 EXOTHERMIC WELD CONNECTIONS
	A. Exothermic weld connections shall be installed in the manner and at the locations indicated. Exothermic welds shall be spaced at least 6 inches apart from other exothermic welds, fittings, and circumferential welds.
	B. Coating materials shall be removed from the surface over an area of sufficient size to make the connection and as indicated on the Drawings. The surface shall be cleaned to bare metal per SSPC SP11 prior to welding the conductor. The use of resin i...
	C. Only enough insulation shall be removed such that the copper conductor can be placed in the welding mold. If the wire conductor diameter is not the same as the opening in the mold, then a copper adapter sleeve shall be fitted over the conductor.
	D. The CONTRACTOR shall be responsible for testing all test lead and bond wire welds. The ENGINEER, at his or her discretion, shall witness these tests. After the weld has cooled, all slag shall be removed and the metallurgical bond shall be tested fo...
	E. All exposed surfaces of the copper and steel shall be covered with insulating materials.
	1. For dielectrically coated or polyethylene encased pipes, a plastic weld cap with integrated primer shall cover the exothermic weld and surrounding area. All surfaces must be clean, dry, and free of oil, dirt, loose particles, and all other foreign ...
	2. For mortar coated pipes, epoxy putty covered with mortar shall be applied over the exothermic weld and surrounding area. The mortar shall match the exterior mortar on the pipe.

	F. The CONTRACTOR shall inspect both the exterior of the pipe to confirm that all coatings and linings removed or damaged as a result of the welding have been repaired. The CONTRACTOR shall furnish all materials, clean surfaces, and repair protective ...
	G. After backfilling pipe, all test lead pairs shall be tested for broken welds using a standard ohmmeter. The resistance shall not exceed 150% of the theoretical wire resistance, as determined from published wire data.

	3.8 JOINT BONDS
	A. Joint bonding shall be provided across flexible couplings and all non-welded joints to ensure electrical continuity, except where insulating joints have been installed to provide electrical isolation. Joint bonds shall be of the type, size, length,...
	B. Bonding wires shall allow at least 2 inches of movement in the pipe joint. The wire shall be attached by exothermic welding. At least 2 bond wires shall be provided between all discontinuous joints.

	3.9 DIELECTRIC INSULATING FLANGE KITS
	A. All insulating components of the insulating flanged gasket set shall be cleaned of dirt, grease, oil, and other foreign materials immediately prior to assembly. If moisture, soil, or other foreign matter contacts any portion of these surfaces, disa...
	B. Care shall be taken to prevent any excessive bending or flexing of the gasket. Creased or damaged gaskets shall be rejected and removed from the job site.
	C. Bolt holes in mating flanges shall be properly aligned at the time bolts and insulating sleeves are inserted to prevent damage to the insulation. Follow the manufacturer's recommended bolt tightening sequence. Center the bolt insulating sleeves wit...
	D. After flanged bolts have been tightened, each insulating washer shall be inspected for cracks or other damage. All damaged washers shall be replaced.
	E. When the flange is determined to be properly functioning to the full satisfaction of the OWNER, approval will be granted to proceed with installation. Do not proceed with coating, lining, or backfilling the insulating joint prior to gaining approva...
	F. After testing and acceptance by the OWNER, coat the exterior insulating flange and a minimum of 12 inches onto the pipe beyond the gasket with the wax tape system specified herein. This only applies to insulated flanges located underground or in a ...

	3.10 MONOLITHIC INSULATING JOINTS
	A. Install monolithic insulating joints in accordance with the manufacturer’s instructions. Do not attempt to disassemble the joint at any time.
	B. Before installation, inspect bore for foreign particles and clean if necessary. When lifting and moving the monolithic insulating joint, support with strapping on both sides of the hub. Do not lift the monolithic insulating joint by the ends.
	C. Install by butt-welding each end of the factory assembled joint to attaching pipe or fitting. When welding, equipment shall be grounded on the side of the joint being welded.
	D. Do not remove original coating with solvent or abrasion. This may damage the insulating gaskets or create a residue that is conductive.

	3.11 PETROLATUM WAX TAPE
	A. Petrolatum wax tape systems shall be applied on insulating joints and non-cathodically protected metallic appurtenances and fittings located underground or in vaults, regardless of whether they are bare or factory coated, as indicated in the Drawin...
	B. Surfaces shall be cleaned of all dirt, grease, oil and other foreign materials immediately prior to coating in accordance with SSPC SP1. Loose rust, loose paint, and other foreign matter shall be removed in accordance with SSPC SP2 or SP3.
	C. A prime coating shall be applied in a uniform coating over the entire surface to be wrapped. A liberal coating shall be applied to threads, cavities, shoulders, pits, and other irregularities.
	D. Fill putty/profiling mastic shall be utilized where necessary to obtain a suitable profile for application of the petrolatum wax tape.
	E. Petrolatum wax tape shall be applied immediately after applying the primer using a 1-inch overlap. A spiral wrap shall be used and slight tension shall be applied to ensure that there are no air pockets or voids. For bolts, nuts, and other irregula...
	F. Apply two layers of outer covering over the wax tape coating by tightly wrapping it around the pipe such that it adheres and conforms to the wax tape. Secure the outer covering to the pipe with adhesive tape.

	3.12 ANODE HEADER WIRE-TO-ANODE LEAD WIRE SPLICES
	A. Secure the copper split bolt or copper crimp onto the wires to provide electrical continuity between the wires. For split bolts, apply electrical putty before applying additional tapes. Apply two half-lapped layers of rubber splicing tape to the sp...

	3.13 WIRE CONNECTIONS
	A. After installation, all wire connections shall be tested to ensure electrical continuity at the test station locations by the CONTRACTOR to ensure that they meet the requirements and intent of the Contract Documents.

	3.14 RESTORATION SERVICES
	A. Compaction of backfill for anodes and trenches shall match the existing conditions and shall be in conformance with the project specifications.
	B. RESTORATION OF SOD: Restore unpaved surfaces disturbed during the installation of anodes and wires to their original elevation and condition. Preserve sod and topsoil carefully and replace after the backfilling is completed. Replace sod that is dam...
	C. RESTORATION OF PAVEMENT: Patch pavement, sidewalks, curbs, and gutters where existing surfaces are removed for construction in conformance with the project specifications.

	3.15 ISOLATION TESTING ON INSULATING JOINTS
	A. Insulating joints shall be installed to effectively isolate metallic piping from foreign metallic structures. The CONTRACTOR shall test the performance of these insulating joints before and after backfilling.
	B. Before backfilling, the CONTRACTOR shall test the insulating joint using a Gas Electronics Model No. 601 Insulation Checker or an approved equivalent. If the testing results indicate less than 100% insulation, then the insulating joints shall be re...
	C. After backfilling, testing shall be performed by measurement of native pipe-to-soil potentials at both sides of the insulating joint. If the difference in native pipe-to-soil potentials on both sides of the insulating joint is within ±100 mV, then ...

	3.16 CONTINUITY TESTING
	A. Continuity testing of joint bonds shall be performed by the CONTRACTOR’s qualified corrosion technician as defined in this section after backfilling. The electrical continuity test may additionally be performed before backfilling at the CONTRACTOR’...
	B. The pipe shall be tested for electrical continuity. Continuity shall be verified using the linear resistance method. The pipe should be tested in spans that are no less than 250 feet, unless the pipe is shorter than 250 feet, and no more than 1,000...
	C. The theoretical resistance of the pipe shall be calculated. It shall take into account the pipe wall thickness, material, and joint bonds.
	D. The average measured resistance shall be compared to the theoretical resistance of the pipe and bond wires. If the measured resistance is greater than 125% of the theoretical resistance, then the joint bonds shall be considered deficient and shall ...
	E. Alternative continuity testing methods can be submitted to the ENGINEER for consideration and approval.

	3.17 FINAL SYSTEM CHECKOUT
	A. Upon completion of the installation, the CONTRACTOR shall provide testing of the completed system by a Corrosion Technician, and the data shall be reviewed by a Corrosion Engineer to ensure conformance with the Contract Documents, NACE SP0169, and ...
	B. The testing described herein shall be in addition to and not substitution for any required testing of individual items at the manufacturer's plant and during installation.
	C. Testing shall be performed at all test leads of all test stations, junction boxes, and locations of exposed pipe as soon as possible after installation of the CP system.
	D. Testing shall include the following and shall be conducted in accordance with NACE TM0497:
	1. Confirm electrical continuity of the cathodically protected pipeline or structure in accordance with this Section.
	2. Measure and record the “On” and “Instant Off” structure-to-soil potentials at each location after the structure has been given adequate time to polarize.
	3. Measure and record the current output of each anode when the CP system is initially turned on and again after it has been given adequate time to polarize.

	E. Test results shall be analyzed to determine compliance with NACE SP0169.
	F. Test results shall be analyzed to determine if stray current interference is present. Stray current interference is defined as a ±50 mV shift in a pipeline’s pipe-to-soil potential that is caused by a foreign current source. Stray current interfere...
	G. The CONTRACTOR shall provide a written report, prepared by the Corrosion Engineer, documenting the results of the testing and recommending corrective work, as required to comply with the Contract Documents. Any deficiencies of systems tested shall ...
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	BRIDGE CRANES
	Part 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Electric, top running bridge cranes.
	2. Hoists and trolleys.

	B. Related Specification Sections include, but are not necessarily limited to:
	1. Division 00 - Bidding Requirements, Contract Forms, and Conditions of the Contract.
	2. Division 01 - General Requirements.
	3. Section 40 05 05 - Equipment:  Basic Requirements.
	1.
	4. Section 26 24 19 - Motor Control Equipment.
	5. Section 26 28 00 - Low Voltage Overcurrent and Short Circuit Protective Devices.


	1.2 MEASUREMENT AND PAYMENT
	A. Unit Price.  No separate payment will be made for this item.  Include the cost in associated items for this project.
	B. Stipulated Price (Lump Sum).  If Contract is a Stipulated Price Contract, payment for Work in this Section is included in total Stipulated Price.

	1.3 QUALITY ASSURANCE
	A. Referenced Standards:
	1. American Bearing Manufacturers Association (ABMA).
	2. American Gear Manufacturers Association (AGMA).
	3. American Society of Mechanical Engineers (ASME):
	a. B30.16, Safety Code for Overhead Hoists.

	4. ASTM International (ASTM):
	a. A36, Standard Specification for Carbon Structural Steel.

	5. American Welding Society (AWS).
	6. Crane Manufacturers Association of America, Inc. (CMAA):
	a. 70, Standard Specifications for Electric Overhead Traveling Cranes.
	b. 74, Standard Specifications for Top Running and Under Running Single Girder Electric Overhead Traveling Cranes Utilizing Under Running Trolley Hoist.
	b. 74, Standard Specifications for Top Running and Under Running Single Girder Electric Overhead Traveling Cranes Utilizing Under Running Trolley Hoist.

	7. National Fire Protection Association (NFPA):
	a. 70, National Electrical Code (NEC).

	8. Occupational Health and Safety Administration (OSHA)
	a. 1910.179, Overhead and Gantry Cranes.


	B. Qualifications:
	1. Welding shall be done by certified welders and shall be in accordance with the AWS standards.

	C. Coordinate installation to assure proper operation within the confines dictated by structural, equipment, mechanical and electrical installations.
	D. Verify hook and lifting heights for each application to assure each system is completely operational over range intended.

	1.4 DEFINITIONS
	A. Hook Height:  The minimum acceptable distance in feet from bottom of hook in full raised position to the nearest floor surface.
	B. Lift Height:  The distance in feet from the bottom of the hook in full raised position to the surface of the lowest floor from which items may be hoisted.
	C. Total Trolley Capacity:  The ultimate load-carrying capacity of the trolley based on the ultimate strength of the material used (with a 5:1 safety factor) and the bearing life.
	D. Ultimate Load-Carrying Capacity:  Live load, weights of all equipment and an allowance for impact.

	1.5 SUBMITTALS
	A. Shop Drawings:
	1. See Specification Section 01 33 00 for requirements for the mechanics and administration of the submittal process.
	2. See Specification Section 40 05 05.
	3. Product technical data including:
	a. Acknowledgement that products submitted meet requirements of standards referenced.
	b. Manufacturer's installation instructions.

	4. Fabrication and/or layout drawings.
	a. Track layout including supports, splices, connections, switches, and end trucks.
	a.
	b. Girder layout including supports, connections and appurtenances.

	5. Certifications.
	5. Certifications.
	6. Test reports verifying strength of inserts and rail.
	7. Load test results.
	1.
	8. Maintenance Platform and coordination with building access platform.

	B. Operation and Maintenance Manuals:
	1. See Specification Section 01 33 00 for requirements for:
	a. The mechanics and administration of the submittal process.
	b. The content of Operation and Maintenance Manuals.




	Part 2 - PRODUCTS
	2.1 ACCEPTABLE MANUFACTURERS
	A. Subject to compliance with the Contract Documents, the following manufacturers are acceptable:
	1. Bridge cranes:
	a. Acco.
	b. P & H (Kone)
	c. Gaffey, Inc.
	d. Proserv Crane Group
	e. R&M Materials Handling, Inc.

	2. Hoists:
	a. Yale.
	b. Acco.
	c. Robbins and Myers.
	d. Wright.
	e. Proserv.
	f. Kone
	g. R&M Materials Handling, Inc.

	3. Trolleys:
	a. Yale.
	b. Acco.
	c. Wright.
	d. Proserv.
	e. Kone
	f. R&M Materials Handling, Inc.


	B. Submit request for substitution in accordance with Specification Section 01 25 13.

	2.2 MANUFACTURED UNITS
	2.2 MANUFACTURED UNITS
	A. Performance and Configuration Requirements: As specified in Attachment(s)
	B. Design load carrying parts, except structural members and gears, so that the calculated stress in the material, based on rated load, shall not exceed 20 percent of the published average ultimate strength of the material.
	C. Comply with CMAA #70 and CMAA #74.
	D. Trolley and hoist compatible with the specified bridge crane.
	A.
	E. Runway Rails:
	1. Straight, parallel and level.
	2. Sufficient strength and rigidity to prevent detrimental lateral or vertical deflection.
	3. ASCE standard rails of proper size (minimum ASCE 40 or as shown in Drawings)

	F. Girder:
	1. Structural steel from standard structural shapes.
	2. Design girder to resist vertical, lateral and torsional forces and stresses as defined by CMAA #70.
	3. The maximum vertical deflection of the girder produced by the dead load, weight of the trolley and hoist and the rated load shall not exceed 1/600 of the span.
	4. Locate safety stops at each end of bridge girder to prevent overtravel of trolley hoist.

	G. End Trucks:
	1. Carry crane bridge on end trucks sized to carry the rated load when it is lifted at one (1) end of the crane bridge.
	2. End truck wheelbase minimum of 1/8 of the crane span.
	3. Construct from structural channels welded and bolted into a rigid box section.
	4. Assure proper alignment of axles.
	5. Design so that drop of truck is limited to 1 IN in case of axle or wheel failure.
	6. Equip motorized top-running cranes with rail sweeps which extend below the top of the rail and project in front of the crane wheels.

	H. Crane Wheels:
	1. Top-running double flanged wheels of forged steel, cast-iron, cast carbon or alloy steel.
	2. Support each wheel on roller bearings mounted on stationary axles suitable to take radial and thrust loads.
	2. Support each wheel on roller bearings mounted on stationary axles suitable to take radial and thrust loads.
	3. Factory lubricates and seals bearings.
	4. Wheels may be heat treated.

	I. Crane Drives:
	1. Provide each end truck with a helical gear motor reducer.
	2. Motors integral with fully-enclosed oil splash lubricated gear reducers.
	3. Support gear reduction shaft by precision ball or roller bearings.
	4. Design motors and drives to supply the crane speed specified.
	5. Permanently lubricate and seal motor ball-bearings.

	J. Runway Electrification:
	1. Provide a 3-phase safety type runway electrification to be furnished by the crane manufacturer, and to include hanger brackets, conductors, feeds, snap-in clips, end caps, and an assembly tool for an indoor system.  Runway electrification to extend...

	K. Bearings:  5000 HRS ABMA L-10.
	L. Gearing:
	1. All gearing except the final reduction at the wheels shall run in oil or be splash lubricated.
	2. Comply with AGMA specifications for load ratings.
	3. Gears not enclosed in gear boxes.
	a. Safety guards.
	b. Provisions for lubrication and inspection.


	M. Bridge Brake:
	1. Capable of stopping bridge within a distance in feet equal to 10 percent of full load speed (in fpm) when traveling at full speed with full load.

	N. Bumpers and Stops:
	1. Capable of stopping the crane at a rate of deceleration not to exceed 3 FT per second when traveling in either direction at 20 percent of rated speed.
	2. Sufficient energy absorbing capacity to stop the crane when traveling at full speed with full load.
	3. Stops designed to resist full load speed.
	4. Locate stops at limit of bridge travel.
	5. Runway stops shall not engage wheel treads.

	O. Electrical:
	1. Provide a single power point of connection for 480 VAC. All other related voltages will be derived from the bridge crane equipment. Include all power and control equipment for a completer system

	O. Electrical:
	1. Provide a single power point of connection for 480 VAC. All other related voltages will be derived from the bridge crane equipment. Include all power and control equipment for a completer system
	2. Provide and install bride crane power rail or insulated power bus to operate the power equipment. Located and coordinate the field power connections for a complete in place operating power system.
	3. Provide disconnect device mounted on crane with overcurrent protection for the controllers.
	4. See Specification sections 26 24 19 and 26 28 00.
	5. Motor starters, disconnect devices, over current protection, electric conduit, control stations, magnetic reversing contactors and low-voltage transformer, necessary for a complete and totally functional conveying system.
	6. Mark the hoist with the following information:
	a. Name and address of manufacturer.
	b. Manufacturer's unit identification number.
	c. Rated load.
	d. Voltage of AC or DC power supply and phase and frequency of AC power supply.
	e. Rated amperage.


	P. Trolleys:
	1. Type as indicated in Section 3.3 Schedule.
	2. Completely compatible with hoists and cranes specified.
	3. Meet NEC standards according to classifications shown on Drawings.
	4. Capable of maneuvering curves without binding or scraping the track.
	5. Minimum ABMA L-10 bearing life of 5000 HRS based on 75 percent of the wheel load, excluding impact.
	6. Motor Driven:
	a. Operate at a single speed as scheduled in attachment.
	b. Enclose internal gears in oil- tight housing.
	c. Design motors to operate with 460 V, 3 PH, 60 cycle power supply.

	7. Plain trolleys:
	a. Frame consisting of thick rolled steel sections extending beyond wheel flanges to protect wheels.
	b. Alloy steel hardened axles, ball-bearings and pressed steel wheels.
	1) Carburized and hardened ball tread wheels.
	2) Factory lubricated requiring no additional lubrication.
	2) Factory lubricated requiring no additional lubrication.



	Q. Hoists:
	1. Electric wire rope hoists:
	a. Low headroom models.
	b. Hoist frames of welded heavy steel plate construction.
	c. Oiltight gear casing for oil bath lubrication of gears.
	d. Construct rope drum and surrounding units to minimize abrading, crushing or jamming of the rope during usage.
	e. Drum diameter not less than 18 times the diameter of the rope used.
	f. Assure that two (2) complete wraps of rope remain on the drum after lowering the load hook through its rated lift distance, unless a lower limit device is provided, in which case provide a minimum of one (1) complete wrap.
	g. Double revving for hoists with total lift height greater than hook height.
	h. Sheave and drum grooves:  Smooth and free from surface irregularities which could cause rope damage.
	i. Provide running sheaves with means for lubrication.
	j. Bearings:
	1) Antifriction type.
	2) Minimum ABMA L-10 life of 1250 HRS for Class H1, 2500 HRS for Class H2, and 5000 HRS for Class H3, based on full rated speed and mean effective load K of 0.65.

	k. Mechanical load brake.
	l. Lower limit switch to stop hoist when hook reaches its lower limit.
	m. Motor:
	1) Operate at a two-step speed as scheduled in attachment.  Two speed ratio to be 6:1.
	2) Motor brake.
	a) Internal disc magnetic type.
	b) Rated for 150 percent of motor torque.
	c) Delivers rapidly with zero hook drift.

	3) TENV motors operable on 460 V, 3 PH, 60 cycle power.
	4) Meet specified area classification.
	5) Permanently lubricate and seal motor ball-bearings.
	6) Provide an upper limit switch to stop the hoist motor and apply the holding brake when the hook reaches its upper limit.




	2.3 ACCESSORIES
	A. Trolley stops design to engage the trolley frame rather than trolley wheels.

	2.3 ACCESSORIES
	A. Trolley stops design to engage the trolley frame rather than trolley wheels.
	B. Electrification and Controls:
	1. See specification sections 26 24 19 and 26 28 00.
	2. Provide single point connection for all electrical and control conductors.
	3. Provide electrical power to the motor-driven hoists and trolleys using one (1) of the following methods as scheduled in the Attachment:
	a. Festoon tagline system:
	1) Equip with plastic wheels in areas with an NEC classification of Class I, Division 1 or 2, Group D.
	2) Include all components needed for a complete and operable system.

	b. Cable reel system:
	1) 360-degree swivel base.
	2) Full working length of cable plus 25 percent.
	3) Include all components needed for a complete and operable system.


	4. Controls:  Provide control method(s) as scheduled in the Attachment:
	a. Remote control:
	1) Handheld remote radio control transmitter.
	2) Include bridge mounted receiver.
	3) Single control station if hoist and trolley are both motor-driven.
	4) NEMA 4/12 enclosure with the transmitter operating off of a disposable 9-volt battery.

	b. Pendant control:
	1) Pendant pushbutton control stations with reversing type contactors for electric hoists and/or trolleys.
	2) Single control station if hoist and trolley are both motor-driven.
	3) Suspend control stations from trolleys.
	4) Clearly mark function of each button.
	5) Suspend station in a manner that will protect the electrical conductors against strain.
	6) Control station shall be operable from 115 V power supply.
	7) Ground control station to hoist.
	8) Provide control cable lengths of 1 FT less than distance to nearest floor.

	c. Switches:
	1) Manual switches.
	2) Completely compatible with hoists and trolleys specified.
	2) Completely compatible with hoists and trolleys specified.
	3) Provide switch chain to within 6 FT of floor.



	C. Maintenance Platform:  Provide a structural steel maintenance platform attached to bridge crane.  Maintenance platform shall be unobstructed and have a minimum 28-inch width, extend the length of the bridge crane’s span and provide access to the ho...
	1. Handrail and kick-plates in accordance with OSHA requirements.
	2. Access point to allow operators to cross the handrail.  Access point shall be unobstructed and secured with a safety chain and swivel snap.  Festooning cable, cable reel, or other equipment shall at no time obstruct the access point.  Access point ...
	3. Shop applied protective coatings.


	2.4 Maintenance materials
	A. Spare parts
	1. Spare parts shall be identical in every aspect with the original parts.  Each part shall be securely tagged and clearly identified as "SPARE".  All spare parts shall be suitably packaged for long term storage.  Protect and store spare parts in loca...



	Part 3 - EXECUTION
	3.1 INSTALLATION
	A. Install runway rails with center-to-center distance and elevation within +1/8 IN.
	B. Support track as shown on Drawings. Arrange supports for easy removal of track for repair or replacement. Align track true and level.
	C. Warning Signs:
	1. Maximum 10 FT intervals along rails with electrical conductors.
	2. At stairs or ladders located 6 FT or less from the rail(s).
	3. Warning sign legend and colors:
	a. DANGER (red).

	3. Warning sign legend and colors:
	a. DANGER (red).
	b. HIGH VOLTAGE (black).
	c. 480 Vac (black).
	d. KEEP OFF (red).

	4. Affix to the hoist or the lower load block or the controls in a readable position a durable label or labels displaying the following information concerning safe operating procedures:
	a. The word WARNING or other legend designed to bring the label to the attention of an operator.
	b. Cautionary language against:
	1) Lifting more than rated load.
	2) Operating hoist when hook is not centered under hoist.
	3) Operating hoist with twisted, kinked or damaged rope or chain.
	4) Operating damaged or malfunctioning hoist.
	5) Operating hoist with a rope that is not properly seated in its groove (if applicable).
	6) Lifting people or lifting loads over people.
	7) Removing or obscuring warning label.




	3.2 FIELD QUALITY CONTROL
	A. Field test each crane using 110 percent rated load and provide industry standard certification.
	B. Test each hoist and trolley using 110 percent rated load and provide industry standard certification.
	C. Employ and pay for services of equipment manufacturer's field service representative(s) to:
	1. Inspect equipment covered by this Specification Section.
	2. Supervise pre-start-up adjustments and installation checks and all field tests.
	3. Conduct initial start-up of equipment and perform operational checks.
	4. Provide a written statement that manufacturer's equipment has been installed properly, started up and is ready for operation by Owner's personnel.
	5. Instruct Owner's personnel at jobsite on operation and maintenance of the hoist, trolley, and crane equipment as indicated in Section 01 75 00 System Startup.


	3.3 SCHEDULE
	1. Equipment Tag: CPS-03-HSP-BRC-01001
	a. Rated Loading Capacity:  14 tons
	a. Rated Loading Capacity:  14 tons
	b. Type:
	1) Bridge Crane:
	a) Top-running, double girder, dual-drive electric.
	b) Direct drive end trucks.

	2) Hoist:  Electric wire rope
	3) Trolley:  Standard

	c. Hoist and Trolley Service Class: HMI H3
	d. Hook Height:  25 feet
	e. Lifting Height: 20 feet
	f. Span:  See drawings.
	g. Runway Length:  See drawings.
	h. Crane Overhead Clearance:  See drawings.
	i. Minimum Operating Speeds:
	1) Bridge – 100 fpm
	2) Trolley – 65 fpm
	3) Hoist – 12.5/2.1 fpm (two-step)

	j. Maximum Drive Horsepower:
	1) Bridge – 2 x 0.6
	2) Trolley – 2 x 0.3
	3) Hoist – 19

	k. Power Source:  460 Vac, 3 PH, 60 Hz
	a.
	a.
	l. Duty cycle rating:  Class C
	a.
	a.
	a.
	a.
	m. The basis of the design is R&M Materials Handing, Inc. Model QXD10-Ton x 48ft Hol: 14ft SP.  Contractor is responsible for modifying building height as necessary to maintain the minimum clearance requirements shown on the plans should other manufac...
	n. Trolley Electrification: Provided by a festoon tagline system.
	o. Control System: Provided by a pendant and radio control transmitter.
	p. Maximum Weight (including crane, hoist, and trolley): 22,060 lbs
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